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LIST  OF  THE  FOSSILS  FIGURED  AND  DESCRIBED 

IN  THIS  VOLUME. 

[In  this  list,  those  fossils  the  names  of  which  are  printed  in  Roman  type  have 
been  previously  described.] 

Name  of  Species. Formation. 
Locality. Pa<?e. 

Incertcp  sedis. 

T ubutella  ambigua   | Jurassic  &c. Britain. 

I  71 
Plants. 

JEtheotesta  devonica.    PL  xii.  f.  14.^ 
Archceopteris,  sp.    PI.  xiii.  f.  19  ... 
Asteropteris  noveboracensis.  PI.  xii. 

f.  1-9   
Cardiopteris  eriana.    PI.  xiii.  f.  1 8.. 
Celluloxylon  primcevum   
Cyclopteris,  sp  
Cyciostigma  affine.  PI.  xii.  f.  11, 12 
Dicranopltyllum  australicum.  PI. 

xiii.  f.  15,  16   
Equisetides  Wrightiana.  PI.  xii.  f.  10, 

PI.  xiii.  f.  20   
Lepidodendron  primsevum.    PI.  xii. 

f.  13  ; 
Nematophycus  Hicksii.      PI.  xxv.  1 
f.1-6   ...J 

Odontopteris  squamosa.      PI.  xiii.  1 
f.;i7  j 

Pachytheca.    PI.  xxv.  f.  7-9  

Devonian , 

Silurian 

Devonian 
Silurian 

f  Scotland   
j  New  Brunswick I 
|  New  York  ... New  Brunswick 
New  York  ... 
New  Brunswick 

\  New  York  ... 
Australia  

New  York 

{ New  York 

"Wales   

New  Brunswick 
Wales   

306 

305 
299 

305 

302 
305 
301 
306 

301 

302 
494 

305 483 

Spongi^. 

Astroconia  Granti | Silurian   |  Canada, 

|  254 



viii FOSSILS  FIGURED  AND  DESCRIBED. 

Name  of  Species. Formation. 
Locality. 

CcELENTERATA. 

(Hydrozoa.) 
Acanthograptus  ramosus.     PL  vii.  ̂  

f .  5   
Calyptograptus?  digitatus.    PL  vii 

f.  6   
 plumosus.    PI.  vii.  f.  4   , 

Dictyonema  corrugatellum.    PI.  vii.  | 
f .  3   

 delicatulum.    PI.  vii.  f .  2  .... 
 venustum.    PI.  vii.  f.  1  

Odontocaulis  Keepingii.    PI.  vii.  f .  7  ̂  

Llandovery Central  Wales  <{ 

ECHINODERMATA. 

Antedon  impressa.  PI.  vi.  f.  8,  9  ... 
Mesocrinus  Fischeri.  PI.  vi.  f.  1,  2. 

 suedicus.    PI.  vi.  f.  7   
Upper  Chalk Planerkalk  .. 

Upper  Chalk 

Sweden Saxony. 

Sweden 

Polyzoa. 

Ascodictyon  radians   
 stellatum   

Caberea  rudis.    PI.  xviii.  f.  86   
Canda  fossilis.  PL  xvi.  f.  51,  52  ... 
Catenicella  alata.    PL  xvi.  f.  47,  49, 
58   

 ampla.    PL  xvi.  f.  46,  50   
 cribriformis.    PL  xvi.  f.  39... 
 elegans,  var.  Buskii.    PL  xvi. 

f.  42,  43   
 flexuosa.    PL  xvi.  f.  40,  41  ... 
 internodia.    PL  xvi.  f.  78,  79.. 
 marginata.    PL  xvi.  f.  44,  45.. 
 solida.    PL  xvi.  f.  37,  38   

Cellaria  fistulosa.     PL  xiv.  f.  1,  2, 
10,  11   

 globulosa.    PL  xiv.  f.  16,  17... 
 malvinensis.    PL  xiv.  f .  3  
 ovicellosa.    PL  xiv.  f.  4-6,  PL 

xvii.  f.  62  
Cellepora  fossa.    PL  xviii.  f.  89  ... 

 yarraensis  
 ,  sp  

Cribrillina  dentipora.    PL  xv.  f.  33. 
 suggerens.    PL  xvii.  f.  75 

■  terminata.    PL  xvii.  f.  68  ... 
Diastopora  cricopora.  PL  xix.  f.  18- 
25  

 oolitica.    PL  xix.  f.  11-14  ... 
■  ■  stomatoporides.    PL  xix.  f.  1- 
10  

 ventricosa.    PL  xix.  f.  15-17.. 

Silurian 

Miocene 

Oolite 

Lias  ... 
Oolite 

Britain 

S.W.  Australia  < 

Britain 

Britain  &c. 
Britain  



FOSSILS  FIGUEED  AND  DESCEIBED. IX 

Name  of  Species. Formation. Locality. 

Polyzoa 

Fenestella  crassa...  
 halkinensis  
 membranacea  
 nodulosa  
 plebeia   
 polyporata  

Lepralia  cleidostoma,  var.  rotunda.  \ 
PI.  xviii.  f.  92  

 corrugata.    PI.  xvii.  f.  60  
 monilifera,var.  armata.  PI.  xv. 

f.  24  
 spatulata.    PI.  xviii.  f.  87  

Membranipora  argus.   PI.  xiv.  f.  20, 
21  
 catenularia  
 cylindriformis.    PI.  xvii.  f.  74 
 concamerata.     PI.  xiv.  f.  22, 
23   

 geminata.    PI.  xvi.  f.  55   
 lineata   
 lusoria.  PI.  xiv.  f.  14,  PI.  xviii. 

f.  82  
 macrostoma.     PI.  xiv.  f.  18, 
19  

 roaorica.    PI.  xiv.  f .  9   
Micropora  patula   
Microporella  anigmatica.     PI.  xv. 

f.  29,  30   
 clavata.    Pi.  xviii.  f.  84   
 coscinopora,  var.  armata.    PI.  | 

xv.  f.  25    y 
■  elevata.     PI.  xvii.  f.  63,  64,  I 

PI.  xviii.  f.  90   I 
 ferrea.    PI.  xvii.  f.  72   
 symmetrica.    PI.  xviii.  f.  83... 
 violacea.  PI.  xv.  f.  26,  PI.  xvii. 

f.  73  
 yarraensis.   PI.  xv.  f.  27,  28. . . 

Mucronella  duplicata.   PI.  xvi.  f.  54 
 elegans.    PI.  xviii.  f.  91   
 mucronata.    PI.  xvii.  f.  66  ... 

Porella  denticulata.    PI.  xvii.  f.  70.. 
 emendata.    PI.  xvii.  f.  69  

Porina  clypeata.    PI.  xvii.  f.  67  ... 
 columnata.    PI.  xviii.  f.  88  ... 
 coronata.    PI.  xv.  f.  57   

Retepora  marsupiata.   PI.  xv.  f.  34- 
36,  PI.  xvii.  f.  59,  61,  76,  77  ... 

■  rimata.    PI.  xvi.  f.  48,  53  
Schizoporella  amphora   

 australis.    PI.  xiv.  f.  15   
 conservata.    PI.  xviii.  f.  81  ... 

— —  excubans.    PI.  xvi.  f.  56,  PI. 
xviii.  f.  80   
 fenestrata   J 

Carboniferous 

Miocene 

Britain . 

S.W.  Australia  { 



X FOSSILS  FIGURED  AND  DESCRIBED. 

Name  of  Species. Formation. Locality. Page. 

Polyzoa  {continued). 

Schizoporella  phymatopora.   PI.  xv. > f.  31,  32   
spiroponna   
submersa.    PI.  xviii.  f.  85. 
 ventricosa   
 vigilans.    PI.  xiv.  f.  13  

 >  sp  Selenaria  alata   
 marginata.    PI.  xvii.  f.  71  ... 

Srnittia  anceps.    PI.  xviii.  f.  94  ... 
 centralis  

 ,  var.  laevigata.    PI.  xiv. 
f.  7,  8   

 Tatei.    PL  xvii.  f.  65   
Stomafopora  dissimilis   
 inflata  

Miocene 

Silurian 
Silurian 

S,W.  Australia  < 

Britain . . 
America 

338 340 340 

338 

338 
339 

345 

344 
337 337 

337 
337 

615 

615 

Trigonia  densinoda. 

MOLLUSCA. 

(Lamellibranchiata.) 

  |Purbeck   |  Dorsetshire 

{Cephalopoda.) 

J  mat  theus  sub  spinal  us  .. 
Ammonites  Braikenridgii 

 Brongniarti   
 cadomensis   
  concavus   
  Gervillii  
 Humphriesianus  .. 
 linguiferus   ■  Mamelii  
 Martinsii   
 Moorei   

■   Sauzei  
 subcostatus  
 subradiatus   , 

Cosmoceras  Caumontii  .. 
 Garantianum  

■  Parkinsoni  
■  subfurcatum   
Haploceras  oolithicum  .. 
Harpoceras  adicrum   
■  concavum   

cornu  
cycloides  ..... 
dispansum  
Edouardianum 
fissilobatum 
Levesquei   
Moorei   
Murchisonse  .. 

Inferior  Oolite... Dorsetshire  ...  < 

|  246 606 
61 
64 607 

60 63 

64 
62 64 63 

65 
62 

63 
61 600 

600 599 

600 
607 603 
603 

605 604 
605 

604 603 

604 
605 603 
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Name  of  Species. Formation. Locality. 

Mollusca  {continued). 

{Cephalopoda,  continued). 
Harpoceras  Sowerbyi  
Lytoceras  confusum   

 Eudesianum   
 torulosum   

Oppelia  subcostata  
 subradiata  
 Truellii   

Perisphinctes  Martinsii  .. 
 pygmaeum   

Sphaeroceras  Brongniarti 
 dimorphum   
  Gervillii  
 Manselii  
 meniscus   
 polymorpbum   

  Wrightii  
Stepbanoceras  Blagdeni. 
■  Braikenridgii  

 Deslongcbampsii  . 
 Humphriesianum  . 
 linguiferum   
 polymerum  
 zigzag  

Inferior  Oolite. Dorsetshire 

602 601 

601 

601 

607 

606 606 

602 
602 
597 

598 
597 
597 
597 

598 596 
599 

595 595 

595 

594 596 
596 596 

Vertebrata. 

{Pisces.) 
Anodont acanthus  acutus.  PI.  xxii 

f.  10  
 fastigiatus.    PI.  xxii.  f.  12  .. 
 obtusus.    Pi.  xxii.  f.  11   

Cladodus  curtus.    PL  xxii.  f .  9   
Ctenoptychius  Ordii.    PI.  xxii.  f.  8 
■  pectinatus   
HyhocJus  austiensis.    PI.  xxii.  f.  1  .. 

 punctatus.    PI.  xxii.  f.  2    \  Rbsetic Nemacanthus  minor.    PI.  xxii.  f.  5  . 
Palceosaurus  StricMandi.  PI.  xxii. 

f.  6   
Sphenonchus  obtusus.     PI.  xxii.  f .  7  J 

Coal-measures. 

( Reptilia.) 

Acantbopholis  horridus.    PI.  xxvii 
f.  7,  8   

Adriosourus  Suessii.    PI.  iv  , 
JElurosaurus  felinus.    PL  ix  
Arceosaurus  gracilis   ^ 
CratcEomus  lepidophorus.  PI.  xxvii.  | 

f.  17-19;  PL  xxviii.  f.  5 ;  PI.  xxix.  \ 
f.  1-3,6;  PL  xxx.  f.  2,  5 ;  PL  xxxi.  I 
f.  3-5   ,  ) 

Cretaceous 
Neocomian 
Karroo  

Cretaceous 

Yorkshire. 

Bristol 

428 

428 428 424 
422 
424 
416 
417 

419 

420 
420 

Folkestone  ... 

Comen,  Trieste 
South  Africa. . 

Austria. 

634 
55 

261 

700 

660 



xii FOSSILS  EIG-URED  AND  DESCRIBED. 

Name  of  Species. Formation. Locality. 

Vertebrata  {continued). 

(Reptilia,  continued). 

Crataomus  Pawlowitschii.  PL  xxvii. 
f.  20;  PI.  xxviii.  f.  2-4 ;  PI.  xxix. 
f.  4,  5:  PI.  xxx.  f.  3,4;  PI.  xxxi. 
f.  1,2,12  

■  sp.    PI.  xxvii.  f.  9-1 6   
Crocodilus proavus.  PL  xxvii.  f.  24- 

26;  PI.  xxviii.  f.  10,  11  ;  PL  xxix 
f.  7-13  ;  PL  xxx.  f.  6-14   

Doratodon  carcharidens  
Emys  Neumayri.    PL  xxvii.  f.  27  ; 

PL  xxx. f.  16;  PL  xxxi.  f.  13  ...... 
Hoplosaurus   ischyrus.     PL  xxxi. 
f.ll  

Megalosaurus pannoniensis.  PL  xxvii. 
f.  21-23   

Mochlodon  Suessii.    PL  xxvii.  f.  1.. 
Oligosaurus  adelus  
Ornithocheirus  Bunzeli   
Ornithomerus  gracilis.     PL  xxviii. 

f.  6,  7   ,  
Platypodosaurus  robustus.  PL  x. . . . 
Plesiosaurus   brachycephalus.  PL 

xxiv.  f .  2  
■  Conybeari.    PL  xxiii.,  PL  xxiv. 

f.  1 
 megacephalus  

Pleuropeltus  Suessii,   PL  xxviii.  f.  8, 
9;  PI.  xxx.  f.  15  

Rhadinosaurus  alcimus.     PL  xxxi. 
f.  6-10  

Struthiosaurus  austriacus.  PL  xxvii. 
f.  5,  6   

Cretaceous 

Karroo . 

Lias  ... 

Cretaceous 

Austria. 

South  Africa.. 

Dorset 

Austria 

(Mammalia?) 

Balanoptera  Juddi   jOligocene 
Triconodon  mordax    Purbeck  . 

Hampshire  ...  I  709 
Dorset   378 



EXPLANATION  OF  THE  PLATES. 

Plate  Page 
I.  T  Microscopic  Sections  of  Grits,  and  Grains  op  Sand,  to  il- 

II.  J     lustrate  Mr.  J.  A.  Phillips's  paper    6 

C  Maps,  Plans,  and  Sections  of  Interglacial  Deposits  of 
III .<     West  Cumberland  and  North  Lancashire,  to  illustrate 

[     Mr.  J.  D.  Kendall's  paper    29 

T-y  TAdriosaurus  Suessii,  to  illustrate  Prof.  Seeley's  paper  on 
V,\    that  Lizard   52 

(Section  op  the  Cliffs  in  Totland  and  Colwell  Bays, 
Isle  of  Wight,  to  illustrate  the  paper  by  Messrs.  Keep- 

ing and  Tawney   85 

yj  f  Swedish  Cretaceous   Crinoids,    to  illustrate  Mr.  P.  H. 
'  \     Carpenter's  paper    128 

y-j-y  f  Welsh  Cladophora,  to  illustrate  Mr.  C.  Lapworth's  ap- 
'  |     pendix  to  Mr.  Walter  Keeping's  paper    171 

VIII. i'Map  and  Sections  of  Anglesey,  to  illustrate  Dr.  Calk- 
in   way's  paper    210 

TY  f ̂ Elurosaurus  felinus,  to  illustrate  Prof.  Owen's  paper  on that  reptile   261 

-g-  f  Platypodosaurus  robustus,  to  illustrate  Prof.  Owen's  paper 
'  |_     on  that  reptile    266 

Yj  J  Map  showing  the  Pocks  of  the  Carlisle  Basin,  to  illustrate 
\    Mr.  T.  V.  Holmes's  paper   286 

XII  ] 

XIII  I  DEV0NIAN  Plants,  to  illustrate  Dr.  J.  W.  Dawson's  paper ...  299 
XIV.  ̂  
XV.  I 
XVI 
XVII 

xviii.; 

Victorian  Fossil  Bryozoa,  to  illustrate  Mr.  A.  W.  Waters's 
paper   309 



XIV  EXPLANATION  OF  PLATES. 

Plate  Page 

YTY  f  Jurassic  Diastoporid.e,  to  illustrate  Mr.  G.  R.  Vine's 
I    Paper   381 

vy  f  Microscopic  Sections  of  Vitreous  Rocks  op  Montana,  to 
1    illustrate  Mr.  F.  Rutley's  paper   391 

•^•y,  f  Microscopic  Structure  op  Welsh  Lavas  op  Lower  Silurian 
A      [     Age,  to  illustrate  Mr.  F.  Rutley's  paper    403 
vvtt  f  Fish-remains  from  the  Aust  Bone-bei>  and  the  Coal- 

"  \    measures,  to  illustrate  Mr.  J.  W.  Davis's  papers   414, 427 
XXIII.  \  Plesiosaurus  Conybeari  and  P.  brachycephalus,  to  illustrate 
XXIV.  J     Prof.  W.  J.  Sollas's  paper  on  those  reptiles    440 

XXV.    Silurian  Plant-remains,  to  illustrate  Dr.  Hicks's  paper   ...  482 

XXVI. f  Comparative  Sections  of  Upper  Jurassic  Rocks  in  France 

{    and  England,  to  illustrate  Prof.  Blake's  paper   497 
XXVII.  ̂  
XXVIII  I 

'  !  Remains  of  Reptilia  from  the  Gosau  Formation  at  Wiener 

XXX*  I     ̂eustadt,  to  illustrate  Prof.  Seeley's  paper   620 

xxxi". ; 



ERRATA  ET  CORRIGENDA. 

Page  197.  line  12  from  bottom  for  these  read  there. 
Pages  305  and  307,  line  10  from  bottom  for  Peny  read  Perry. 
Page  306,  line  15  for  Bodun  read  Brown. 
Page  307,  line  30  for  rnagnacensis  read  gaspiensis,  and  delete  footnote. 
Page  326,  line  13  from  bottom,  for  dentipor  read  dentjpoea. 
Page  406,  explanation  of  Pig.  1,  for  Fissile  read  Felsite. 
Page  597,  line  3  from  bottom,  for  Maxsellli  read  Manselii. 
Page  597,  line  2  from  bottom,  for  Mansellii  read  Manselii. 
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Beowst  Ieox-oee.  By  J.  Aethtje  Phillips,  Esq.,  E.G.S. 
(Bead  November  3,  1880.) 

This  bed  of  fossiliferous  iron-ore  is  situated  at  Bio  Tinto,  in  the 
province  of  Huelva,  Spain,  and  is  in  close  proximity  to  the  cele- 

brated copper-mines  of  that  name. 
In  this  portion  of  Southern  Spain  deposits  of  cupreous  iron 

pyrites,  consisting  of  a  series  of  lenticular  masses  of  ore,  having  a 
general  direction  a  little  north  of  east  and  south  of  west,  extend 
from  Aznalcollar,  near  Seville,  in  the  east,  for  a  distance  of  more 
than  seventy  miles  westward  to  within  the  Portuguese  frontier. 

At  Bio  Tinto  the  deposits  of  this  mineral  are  very  extensive,  and 
consist  of  a  compact  and  intimate  admixture  of  iron  pyrites  with  a 
little  copper  pyrites,  through  which  strings  of  the  latter  mineral 
sometimes  ramify. 

Although  these  mines  appear  to  have  been  worked,  and  the  copper 
smelted  upon  the  spot,  from  time  immemorial,  it  is  evident  from  the 
vast  heaps  of  furnace- slags,  and  from  the  extent  of  the  various  other 
remains  in  which  coins  and  inscriptions  of  the  reigns  of  the 
Emperors  from  Nerva  to  Honorius  have  been  discovered,  that  their 
great  development  under  the  Bomans  took  place  during  the  first  four 
centuries  of  the  Christian  era.  After  the  fall  of  the  Boman  empire 
they  seem  to  have  been  abandoned  down  to  as  late  as  the  year  1727, 
from  which  date  they  were  intermittently  worked  by  the  Spanish 

Q.  J.  G.  S.  No.  145.  b 
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Government  and  by  various  private  speculators  until  1873,  when 
they  were  purchased  by  an  English  company.  The  extent  of  the 
mining  and  metallurgical  operations  anciently  carried  on  in  this 
district  will  be  understood  when  it  is  stated  that  at  Bio  Tinto  alone, 
in  addition  to  hundreds  of  Roman  shafts  and  miles  of  Roman 
galleries,  the  heaps  of  copper  slags  resulting  from  the  smelting  at 
that  period  cannot  amount  to  much  less  than  one  and  a  half  million 
of  tons,  and  that  there  are  large  accumulations  of  similar  ancient 
refuse  at  Tharsis,  Buitron,  and  other  mines. 

As  illustrating  the  care  and  skill  of  the  metallurgists  of  that  period 
it  may  be  stated  that  each  ton  of  their  slags  seldom  contains  above 
three  pounds  of  copper. 

The  prevailing  rock  throughout  this  region  is  clay-slate,  which, 
from  the  evidence  of  various  fossils  found  by  Mr.  A.  Hill,  Mr. 

G.  "W.  Clement,  and  other  officers  on  the  staff  at  Bio  Tinto,  is 
apparently  of  Silurian  age.  These  specimens  were  kindly  examined 
by  Mr.  R.  Etheridge,  who  did  not  hesitate  to  identify  them  as 
belonging  to  that  period. 

These  slates  are,  in  places,  broken  through  by  large  dykes  of 
quartz-porphyry,  which  frequently  form  one  of  the  walls  of  the 
various  deposits  of  cupreous  pyrites. 

The  fossiliferous  iron-ore  which  is  the  immediate  subject  of  this 
note  forms  a  cap  one  kilometre  long,  with  an  average  width  of  one 
hundred  and  thirty  metres,  on  the  top  of  the  Mesa  de  los  Pinos, 
nine  hundred  metres  south  of  the  open  cutting  at  Bio  Tinto.  Its 
surface  is  approximately  level,  but  it  varies  in  depth  from  one  to 
seventeen  metres  in  accordance  with  the  conformation  of  the  surface 
of  the  slate  upon  which  it  lies  ;  the  rock  beneath  it  is  bleached  and 
to  some  extent  decomposed. 

The  order  and  relative  positions  of  the  several  formations  will  be 
best  understood  on  referring  to  the  accompanying  plan  and  section 
(figs.  1,  2),  for  which  I  am  indebted  to  Mr.  Weil  Kennedy,  a  gentle- 

man in  charge  of  a  portion  of  the  work  at  the  mines,  through  whose 
kindness  I  am  also  enabled  to  lay  specimens  of  the  fossiliferous  iron- 
ore  upon  the  table. 

On  the  extreme  right  of  the  section  is  a  broad  porphyritic  dyke 
forming  the  north  wall  of  the  south  lode,  next  to  which  is  the  lode 
itself,  which  at  this  point  has  only  one  third  of  its  greatest  width* 
Next  in  succession,  to  the  south,  comes  a  band  of  slate,  which 
is  again  penetrated  on  the  left  by  a  broad  dyke  of  quartz-porphyry. 
It  will  be  observed  that  the  upper  part  of  the  vein  has,  to  a  con- 

siderable depth,  been  converted  into  a  ferruginous  capping  (gossan), 
of  which  a  large  portion  has  been  removed  by  denudation.  The 
stratum  of  iron-ore  forming  the  surface  at  the  Mesa  de  los  Pinos 
is  shown  with  precipitous  sides ;  and  a  small  patch  of  a  similar- 
formation  occurs,  at  within  a  metre  of  the  same  elevation,  at  the 
Cerro  de  las  Yacas.  Numerous  fissures  occur  in  the  surface  of  thex 
larger  deposit  of  iron-ore,  and  out  of  these  pine-trees  formerly 
grew  in  considerable  numbers,  their  presence  giving  the  name  to 
the  locality ;  these  were  eventually  destroyed  by  sulphurous  fumes 
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Pig.  1. — Plan  of  part  of  Rio  Tinto. 

Fig.  2. — Section  in  line  ABou  Plan. 
S.W.  tf-E. 

South        Mesa  de  Rio  Cerro  de  South  Cerro 
Daru.        loa  Pinoa.  Agrio.         laa  Vacas.  Lode.  Salomon. 

Level  of  Eio-Tiuto  Station. 

|^v;xA'<vl  Porphyry.  L%#££p-J  Capping  of  lode 

WMBk  Slate-  IHHl  Mineral. 
Iron  caps. 

resulting  from  the  metallurgical  operations  which  were  carried  on 
upon  the  declivity  of  the  opposite  hill. 

In  some  instances  the  decomposed  clay-slate  has  been  partially 
removed  from  beneath  the  iron-ore,  from  which  blocks  have  been 
detached,  and  have  slidden  a  considerable  distance  down  the  surface 
of  the  slaty  declivity. 

A  specimen  of  this  iron-ore,  analyzed  in  my  laboratory,  afforded 
the  following  results  : — 

b  2 
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Silica   
Ferric  oxide   
Alumina  
Phosphoric  anhydride 
Sulphur   

Water  { 
|  hygrometric [  combined  .  , 

•23 

99-80 
It  follows  that  this  is  a  rich  ore  of  iron  of  fairly  good  quality  ;  and 

as  there  is  now  a  well-appointed  railway  in  its  immediate  proximity, 
it  is  probable  that  under  moderately  favourable  conditions  of  the 
iron  trade  it  may  be  worked  with  advantage. 

During  the  process  of  quarrying  this  ironstone  for  exportation, 
Mr.  Kennedy  first  observed  the  presence  of  fossil  remains  of  what 
appeared  to  be  leaves  and  seeds  of  many  of  the  plants  still  growing 
in  the  neighbourhood,  as  well  as  of  several  well-preserved  beetles. 

All  doubt  as  regards  the  recent  character  of  these  fossils  is,  how- 
ever, removed  by  the  following  communication  fromMr.W.Carruthers, 

who  kindly  undertook  their  examination,  and  who  says,  "  The  speci- 
mens you  have  sent  me  for  examination  from  Rio  Tinto  contain  the 

following  fragments  of  plants  which  I  have  been  able  to  identify  : — 
leaves  and  acorns  of  Quercus  llecc,  Linn. ;  leaves  and  seed  of  a  two- 
leaved  species  of  Piniis,  most  probably  Pinus  Pinea,  Linn. ;  the  cone 
of  Equisetum  arvense,  Linn. ;  and  a  small  branch  of  a  species  of  Erica. 
There  is  also  a  well-marked  leaf  of  a  Dicotyledonous  plant  which 
I  have  not  yet  been  able  to  identify.  The  greater  portion  of  two  of 
the  specimens  consists  of  a  thick  growth  of  moss,  but  it  is  impossible 
to  say  what  the  species  are.  The  whole  is  permeated  with  minute 
branching  roots,  showing  that  the  vegetation  was  formed  as  a  peat- 

moss, the  oak-  and  pine-leaves  being  carried  or  blown  into  it.  The 
plants  are  evidently,  all  of  them,  the  same  species  as  are  still  found 

growing  in  Spain." 
In  addition  to  these  fossils  this  deposit  sometimes  contains  minute 

concretionary  patches  of  imperfectly  crystallized  quartz. 
Every  one  who  examines  the  section  extending  from  the  Cerro 

Salomon  across  the  valley  of  the  Bio  Agrio  to  the  Mesa  de  los 
Pinos  will  probably  agree  that  the  origin  of  this  deposit  of  iron-ore 
can  scarcely  be  doubtful.  At  the  time  of  its  formation  a  marsh  or 
shallow  lake  extended  from  beyond  the  last-named  point  to  the  foot 
of  Salomon,  and  into  this  flowed  solutions  of  iron-salts  resulting 
from  the  decomposition  of  the  upper  portions  of  the  immense  masses 
of  pyrites  constituting  the  south  lode. 

Erom  these  salts  oxide  of  iron  was  deposited,  as  in  the  case  of 
bog  iron-ores  generally ;  and,  finally,  the  valley  of  the  Rio  Agrio  was 
eroded,  as  well  as  that  south  of  the  deposit,  leaving  the  Mesa 
capped  with  iron-ore,  while  a  small  patch  of  the  same  mineral 
was  left  at  the  Cerro  de  las  Yacas. 

That  the  deposit  took  place  at  a  comparatively  recent  date  is 
evident  from  the  fossils  it  contains ;  and  it  is  equally  certain  that  the 
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erosion  of  the  valley  is  older  than  the  occupation  of  the  district  by 
the  Romans.  Not  only  are  numerous  remains  of  buildings  and  other 
works  belonging  to  the  Roman  period  found  in  the  valleys,  but  the 
Roman  grave-stones,  of  which  scores  are  still  scattered  over  some 
parts  of  the  district,  are  invariably  made  of  this  iron-ore. 

Discussion. 

Mr.  Caeeuthees  pointed  out  that  the  deposit,  though  of  such 
thickness  and  importance,  was  essentially  a  bog  iron- ore  and,  like 
ores  of  that  character,  contained  remains  of  recent  plants. 

The  Peesident  remarked  on  the  difference  iu  appearance  of  mas- 
sive haematites  from  ordinary  bog  iron-ores  and  those  brought  by  the 

author  of  the  paper. 
Dr.  Soeby  asked  if  it  were  possible  that  these  could  have  been 

deposits  produced  by  springs,  such  as  occur  on  the  hill-sides  of 
Yorkshire,  and  are  still  forming. 

Mr.  Paulson  stated  that  the  bog-ore  deposits  in  Ireland  occur 
on  the  sides  and  summits  of  hills,  and  that  the  Rio-Tinto  deposit  is 
a  true  bog  iron-ore. 

Mr.  Baueehian  remarked  on  the  resemblance  between  this  ore 

and  that  of  Arklow,  which  is  also  derived  from  pyrites  ;  and  con- 
sidered that  the  freedom  from  phosphorus  was  to  be  attributed  to 

their  rapid  and  direct  formation  as  compared  with  ordinary  bog 
iron-ore,  which  is  contaminated  by  accessory  products  of  decompo- 

sition from  organisms  and  rock-masses. 
The  Authoe,  in  reply  to  Dr.  Sorby,  stated  that  the  top  of  the 

deposit  was  regular  and  the  bottom  irregular,  leading  to  the  belief 
that  it  was  probably  a  deposit  in  water.  Further  he  indicated  that 
there  is  an  outlier  on  the  same  level.  The  hard  cap  is  sometimes 
undercut  by  denudation.  He  remarked  that  springs  are  scarce  over 
the  whole  district,  and  that  there  are  none  containing  more  than 
traces  of  iron  in  solution. 
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2.  On  the  Constitution  and  History  of  Grits  and  Sandstones.  By 
J.  Arthur  Phillips,  Esq.,  E.G.S.    (Read  December  15,  1880.) 

[Plates  I.  &  II.] 

The  careful  and  exhaustive  researches  relative  to  the  constitution 
and  mode  of  formation  of  arenaceous  rocks  which  have  recently  been 
published  by  Professor  Daubree,  Dr.  Sorby,  and  others,  leave  open  a 
comparatively  restricted  field  for  the  pursuit  of  similar  investiga- 

tions. Having,  however,  during  the  last  two  years  paid  considerable 
attention  to  the  study  of  rocks  of  this  class,  I  now  venture  to  bring 
before  the  notice  of  the  Geological  Society  some  facts  and  deductions 
therefrom  which  would  appear  to  have  escaped  the  attention  of 
previous  observers. 

Eor  the  convenience  of  developing  certain  ideas  relative  to  this 
subject,  I  propose  in  the  present  paper,  in  the  first  place,  to  describe 
various  grits  and  sandstones  which  have  been  microscopically  and 
otherwise  examined.  In  doing  this  the  older  rocks  will  be  con- 

sidered first,  and  those  of  more  recent  age  subsequently  noticed  in 
the  order  of  their  geological  sequence.  The  chemical  composition 
of  some  typical  rocks  will  also  be  given. 

Secondly,  the  results  of  observations  bearing  on  the  effects  pro- 
duced by  the  action  of  flowing  water  on  particles  of  sand  and  gravel 

transported  thereby  will  be  described  ;  and  finally,  the  more  impor- 
tant observed  facts  will  be  summarized,-  and  their  bearings  discussed. 

The  difference  between  grit  and  sandstone  is  one  not  always 
distinctly  marked  ;  and  numerous  definitions  of  the  two  rocks,  often 
somewhat  contradictory,  have  been  given  by  various  geologists  at 
different  times.  It  has  even  been  stated  by  an  eminent  authority 
that  rocks  which  in  the  north  of  England  would  be  called  grits, 
receive  the  name  of  sandstones  in  the  south*. 

In  order,  therefore,  to  avoid  misunderstanding  upon  this  point, 
I  may  state  that  in  the  following  descriptions  the  term  grit  is 
applied  only  to  coarse-grained  arenaceous  rocks  of  which  the  com- 

ponent fragments  are  for  the  most  part  angular,  and  which,  although 
frequently  crystalline  in  structure,  seldom  contain  either  perfect  or 
nearly  perfect  crystals.  The  cementing  material  of  such  rocks  is, 
as  a  rule,  highly  siliceous. 

Sandstones  differ  from  grits  in  being  finer  in  structure  than  the 
latter,  and  in  their  component  grains  being  usually  less  completely 
incorporated  with  the  cementing  medium.  The  quartz  in  many 
sandstones  occurs  principally  in  the  form  of  perfect  crystals,  or  in 
that  of  crystalline  aggregations. 

In  quartzites  the  spaces  between  the  component  grains  are  com- 
pletely filled  by  a  siliceous  cement,  in  which  respect  they  closely 

resemble  some  varieties  of  fine-grained  grit. 

*  'Manual  of  Geology,'  by  John  Phillips,  F.R.S.,  p.  654. 
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Composition  and  Structure. 

Cambrian.—  The  well-known  Barmouth  Grits  of  Xorth  "Wales, 
which  occupy  a  large  extent  of  country  lying  between  Barmouth 
and  Harlech,  are  usually  of  a  greenish-grey  colour.  They  are  ex- 

tremely hard,  and  often  enclose  angular  fragments  of  quartz  above 
a  quarter  of  an  inch  in  diameter.  Sometimes  these  grits  become 
fine-grained,  and  assume  a  purple  tint ;  they  are  intermingled  with 
occasional  bands  of  greyish-green  and  bluish  slates,  which,  especially 
towards  the  lower  part  of  the  series,  attain  considerable  develop- 

ment. Of  these  rocks  Professor  Ramsay  remarks  : — "  The  beds  seem 
to  have  been  formed  principally  by  the  direct  waste  of  rocks  of  a 
granitic  character,  or  at  least  into  the  composition  of  which  crystal- 

line quartz  and  felspar  largely  enter  °;  *. When  a  thin  section  of  this  rock  is  examined  under  the  micro- 
scope, it  is  seen  to  consist,  mainly,  of  an  aggregation  of  fragmentary 

quartz  and  felspar  united  by  a  siliceous  cement,  which  is  throughout 
permeated  by  a  moss-like  greenish  mineral,  a  portion  of  which  is 
probably  chlorite.  The  larger  pieces  of  quartz  and  felspar  are  often 
distinctly  rounded,  although  the}*  also  sometimes  present  irregular 
and  perfectly  sharp  outlines.  Pig.  1,  PI.  L,  drawn  by  Mr.  F.  Rutley, 
represents,  in  black  and  white,  a  section  of  this  rock  as  seen  in 
polarized  light,  magnified  18  diameters,  and  containing  much  felspar. 

The  quartz  occasionally  contains  liquid-cavities  enclosing  moving 
bubbles,  but  these  are  by  no  means  numerous ;  the  greenish  mineral 
of  the  cement  sometimes  penetrates  into  fissures  in  the  siliceous 
grains.  Two  distinct  species  of  felspar  are  present  in  considerable 
quantities,  the  larger  grains  being,  for  the  most  pare,  somewhat 
rounded  fragments,  which,  after  having  assumed  the  form  of 
pebbles,  have  sometimes  been  broken  across  their  smaller  dia- 

meter, thus  presenting  one  angular  and  one  rounded  termination. 
j[he  orthoclase  is  not  much  altered  ;  and  a  triclinic  felspar,  which, 
from  the  optical  properties  it  exhibits,  is  probably  oligoclase,  shows 
brilliant  lines  of  twinning  when  seen  in  polarized  light.  Some 
of  the  quartz  encloses  hair-like  crystals  of  rutile,  while  calcite, 
magnetite,  iron  pyrites,  and  a  few  imperfect  garnets  are  present  in 
the  cementing  siliceous  base.  An  analysis  of  this  rock  is  given, 
page  21. 

The  grits  in  the  neighbourhood  of  Harlech  are  usually  finer  in 
grain  than  the  foregoing,  but  otherwise  differ  from  it  only  in  con- 

taining a  few  imperfect  crystals  of  epidote. 
Silurian. — Stiper  Stone,  from  the  neighbourhood  of  Shrewsbury,  is 

a  fine-grained  and  exceedingly  hard  sandstone,  the  grains  of  which 
are  so  closely  cemented  together  by  crystalline  silica  as  to  form  a 
quartzite.  Many  of  the  fragments  of  quartz,  of  which  this  rock 
is  mainly  composed,  are  somewhat  cloudy  and  are  considerably 
rounded,  while  others  are  colourless  and  transparent,  with  but  few 
fluid-cavities,  which  are,  for  the  most  part,  full.  The  average  dia- 

meter of  the  grains  is  about      inch,  and  some  of  the  most  pebble- 

*  Geology  of  North  Wales,  p.  17,  ed.  1. 
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like  among  them  form  the  nucleus  of  a  crystalline  growth  of  colour- 
less transparent  quartz,  which  converts  them  into  more  or  less  perfect 

crystals  of  that  mineral.  Felspar  is  not  abundant,  and  is  often 
considerably  altered ;  the  cementing  material  occasionally  contains 
minute  crystals  of  a  mineral  which  is  probably  epidote. 

A  grit  of  a  grey  colour,  speckled  with  minute  white  points,  from 
the  neighbourhood  of  Aberystwith,  is  seen  under  the  microscope  to 
be  composed  of  an  almost  equal  amount  of  quartzose  and  felspathic 
grains  united  by  a  siliceous  cement,  everywhere  permeated  by  a 
moss-like  chloritic  mineral,  to  which  reference  has  already  been 
made.  In  this  rock  the  constituent  fragments  are  sometimes  as  much 
as  inch  in  length,  and  their  angles  are  usually  to  a  certain  extent 
rounded,  although  they  occasionally  exhibit  very  sharp  and  irregular 
outlines.  The  quartz,  which  exceptionally  contains  a  few  needles 
of  schorl,  is  colourless  and  transparent,  containing  exceedingly 
minute  fluid-cavities,  of  which  the  majority  are  full,  although  others 
enclose  constantly  moving  bubbles. 

The  felspar  has  been  subjected  to  considerable  alteration,  and  is 
not  unfrequently  obscured  by  flocculent  microliths  resulting  from 
chemical  re-combinations  ;  a  portion  of  it,  however,  evidently  belongs 
to  a  triclinic  species.  In  addition  to  the  above,  there  are  inclusions 
which  are  undoubtedly  fragments  of  a  volcanic  rock  of  basaltic 
character. 

The  siliceous  cement  contains  a  few  crystals  of  iron  pyrites,  as 
well  as  small  flakes  of  brown  and  colourless  mica,  of  which  the 
edges  are  much  rounded. 

It  is  evident  that  some  portion,  at  least,  of  the  quartz  constituting 
this  grit  has  been  derived  from  the  disintegration  of  quartz- felsite 
(quartz-porphyry),  since  its  general  characteristics  are  not  only 
similar,  but  it,  moreover,  includes  the  blebby  masses  of  an  amorphous 
ground-mass  so  characteristic  of  the  quartz  of  such  rocks. 

A  fine-grained  foliated  rock  belonging  to  the  same  series,  from 
Llangrannog,  sometimes  locally  called  a  grit,  of  which  the  grains 
vary  from  -g-J-^  to  xuV"©-  ̂ ncn  *n  diameter,  has  a  composition  gene- 

rally similar  to  that  of  the  foregoing.  In  addition,  however,  it  con- 
tains numerous  water-worn  flakes  of  mica,  which  occur  chiefly  in 

distinct  bands,  and  which  are  arranged  with  their  cleavage-surfaces 
parallel  to  the  plane  of  foliation  of  the  rock.  The  fragments  of 
quartz,  which  are  of  a  nearly  uniform  size,  are  all  sharply  angular, 
and  elongated  or  flattened  grains  are  rare. 

An  examination  of  sections  prepared  from  May-Hill  Sandstone, 
containing  numerous  casts  of  Pentamerus  oblongus,  shows  that  this 
rock  is  mainly  composed  of  angular  grains  about  -^io  incn  ̂ n  dia- 

meter, united  by  a  turbid  siliceous  cement,  suggesting  the  idea  of 
its  having  been  deposited  from  waters  holding  clay  in  suspension. 
In  addition  to  the  smaller  grains,  of  nearly  equal  dimensions,  there 
are  a  few  fragments  of,  at  least,  four  times  the  size  above  stated. 
These,  like  the  smaller  ones,  sometimes  contain  a  few  hair-like 
crystals  of  rutile ;  but  fluid- cavities  containing  bubbles  are  exceed- 

ingly rare. 
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Sandstones,  or  rather  quartzites,  of  Upper-Llandovery  age  are 
developed  in  the  Lower  Lickey  hills  in  Worcestershire.  A  specimen 
from  this  locality  was  found  to  be  chiefly  composed  of  much-rounded 
grains  of  quartz,  having  an  average  diameter  of  inch,  cemented 
together  by  a  growth  of  transparent  crystalline  quartz.  This  mode 
of  formation  is  rendered  evident  by  the  circumstance  of  the  rounded 
grains  being  frequently  composed  of  cloudy  or  slightly  turbid  quartz, 
while  the  cementing  silica  is  perfectly  colourless  and  transparent. 
When  examined  in  polarized  light,  the  cementing  quartz  is  seen  to 
exhibit,  for  a  certain,  distance  around  each  grain,  the  same  colour  as 
the  grain  itself,  and  appears  to  have  been  deposited  in  crystalline 
continuity  therewith.  Pluid- cavities,  with  bubbles,  are  numerous  in 
some  of  the  grains,  while  others  are  entirely  without  them.  Eutile 
and  schorl  are  sometimes  present  in  the  form  of  minute  crystals. 

A  specimen  of  Denbighshire  grit  from  Pont  Cietwr  Yspytty, 
when  examined,  was  found  to  consist  of  an  exceedingly  fine-grained 
mosaic  of  cementing  concrete  containing  minute  granules  of  quartz, 
and  enclosing  larger  fragments  of  the  same  mineral,  with  felspar  and 
colourless  or  brown  mica,  each  grain  being  from  to  y-—-  inch  in 
diameter.  Some  of  the  quartz  fragments  are  so  traversed  by  the 
moss-like  greenish  mineral,  often  forming  a  constituent  of  the  cement 
of  sandstones,  as  almost  to  suggest  the  idea  of  their  being  pseudo- 
morphs  after  a  mineral  which  has  disappeared.  If  seen  in  polarized 
light,  however,  they  will  be  observed  to  be  each  made  up  of  several 
distinct  grains,  in  the  fissures  between  which  the  substance  referred 
to  has  obviously  been  deposited.  The  quartz  of  this  sandstone  occa- 

sionally encloses  a  few  needles  of  schorl  or  hair-like  crystals  of 
rutile  ;  cavities  containing  bubbles  are  rare. 

A  rock  belonging  to  the  Coniston-Grit  series  from  Green-quarter 
Pell,  Westmoreland,  consists  of  angular  grains  of  quartz  and  felspar, 
united  by  a  siliceous  cement  traversed  in  all  directions  by  numerous 
greenish  microliths.  The  average  size  of  its  constituent  particles 
does  not  exceed  jjh'Q  incn>  although  there  are  a  few  larger  ones, 
measuring  about  inch  in  diameter.  The  quartz  contains  few  fluid- 
cavities  with  bubbles ;  but  when  these  occur  they  are  extremely 
minute.  This  rock  contains  a  little  iron  pyrites,  and  the  cement  is 
sometimes  stained  by  hydrated  ferric  oxide ;  a  few  flakes  of  colour- 

less and  dark-brown  mica  are  occasionally  seen  between  the  grains 
of  quartz  and  felspar. 

Devonian. — The  majority  of  the  siliceous  grits  of  Cornwall  are 
usually  regarded  as  being  of  Devonian  age ;  but  it  is  probable  that 
some  of  them  may  be  of  older  date. 

Two  distinct  beds  of  such  rock,  of  a  greenish-grey  colour,  which 
are  worked  for  road-metal,  are  quarried  on  the  farms  of  Tregian  and 
Dairy,  in  the  parish  of  St.  Ewe,  near  St.  Austell,  and  were  noticed 
in  a  previous  paper  under  the  name  of  slaty  agglomerates  *. 

In  both  these  localities  the  grit  contains  angular  fragments  of  a 
soft  clay-slate  of  a  greenish-blue  colour,  and  is  exceedingly  hard 
and  tough.  The  rock  quarried  at  Tregian  is  composed  of  a  mixture 

*  Quart.  Journ.  Geol.  Soc.  1878,  vol.  xxxiv.  p.  476. 
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of  angular  pieces  of  quartz  and  felspar,  of  which  some  of  the 
larger  fragments  have  a  diameter  of  ̂   inch ;  they  are  cemented  by 
a  siliceous  concrete  enclosing  particles  of  granular  quartz,  through 
which  minute  greenish  microliths  are  plentifully  disseminated. 
Comparatively  few  fluid-cavities,  either  with  or  without  bubbles, 
are  present.  In  addition  this  rock  contains  a  few  crystals  of  schorl 
enclosed  in  the  quartz,  some  water-worn  flakes  of  silvery-white 
mica,  a  few  crystals  of  pyrites,  and  perhaps  a  little  altered  mag- 

netite. The  felspar  chieliy  belongs  to  a  triclinic  species,  but  ortho- 
clase  is  also  present.  The  rock  at  Dairy  differs  from  that  at  Tregian 
only  inasmuch  as  it  contains  a  few  water-worn  crystals  of  horn- 

blende and  a  little  magnetite. 
In  addition  to  the  foregoing,  through  the  kindness  of  Mr.  J.  H. 

Collins,  I  have  been  enabled  to  examine  four  other  specimens  of 
Cornish  grit,  namely,  one  from  St.  Allen,  four  miles  north  of  Truro, 
two  from  Ladock,  five  miles  further  east,  and  one  from  Perranzabuloe, 
on  the  Bristol  Channel. 

Hand  specimens  of  all  these  rocks  closely  resemble  one  another, 
excepting  that  those  from  Ladock  enclose  numerous  angular  frag- 

ments of  a  greenish  slate,  which  the  others  do  not,  and  that  one  of 
them  contains  a  number  of  rounded  quartzose  and  other  grains  |  inch 
in  diameter. 

When  examined  under  the  microscope,  the  St.  Allen  grit  differs 
little  from  those  at  St.  Ewe ;  the  quartz  is  angular  and  transparent, 
the  largest  fragments  having  a  diameter  of  about  inch,  and  the}r 
sometimes,  though  rarely,  enclose  minute  crystals  of  tourmaline.  A 
little  hornblende,  with  white  mica  and  epidote,  are  also  present. 
The  felspar  is,  to  a  large  extent,  triclinic,  but  there  is  also  some 
altered  orthoclase ;  the  quartz  contains  but  few  fluid-cavities. 

In  the  rock  from  Ladock,  which  contains  small  rounded  grains  of 
quartz,  felspar,  and  other  material,  these  bodies  are  sparsely  dissemi- 

nated throughout  the  mass  of  the  normal  grit ;  and  a  microscopical 
examination  shows  that  some  of  them  are  fragments  of  volcanic 

rocks  closely  akin  to  the  "  greenstones  "  and  "  dunstones  "  of  many 
parts  of  Cornwall,  but  which  have  often  become  so  altered  as  to  be 
recognizable  only  by  their  felspars  and  general  structure. 

Pig.  2,  PI.  I.,  represents,  in  black  and  white,  a  fragment  of  volcanic 
rock  which  occurs  in  this  grit,  as  seen  in  polarized  light,  magnified 
18  diameters. 

The  second  specimen  from  this  district  is  made  up  chiefly  of  angular 
fragments  of  quartz  and  felspar,  united  by  the  usual  cementing  con- 

crete. It  contains  a  considerable  amount  of  felspar,  a  large  propor- 
tion of  which  is  triclinic.  The  largest  pieces  of  quartz  are  about 

yL-  inch  in  diameter ;  and  fluid-cavities,  although  by  no  means  abun- 
dant, are  more  plentiful  than  they  are  in  the  Cornish  grits  before 

described.  Some  of  the  quartz  contains  a  notable  quantity  of  dis- 
seminated epidote  (?),  and  flakes  of  white  mica  are  frequently  jammed 

between  the  fragments  of  which  the  rock  is  composed.  A  few  minute 
garnets  are  present,  as  well  as  some  fragments  of  a  volcanic  rock. 

The  microscopical  structure  of  the  gritty  rock  from  Perranzabuloe  so 
closely  resembles  that  of  those  from  the  other  localities  that  a  special 
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description  of  it  is  unnecessary.  The  felspar,  of  which  a  large  pro- 
portion is  triclinic,  is  present  in  large  quantities ;  and,  as  in  the 

case  of  the  other  specimens  examined,  the  quartz  contains  but  few 
fluid-cavities.  It  will  be  observed  that  in  this  respect  the  quartz  of 
these  grits  materially  differs  from  that  of  the  Cornish  granites,  in 
which  fluid-cavities  with  bubbles  are  abundant. 

Carboniferous. — A  fine-grained  yellowish- white  sandstone  from 
Shalk  Beck,  Cumberland,  belonging  to  the  Yoredale  series,  much 
spotted  by  stains  of  hydrated  ferric  oxide,  and  rendered  somewhat 
mealy  by  the  presence  of  kaolin,  contains  but  few  fragments  of  more 
than  yi^  inch  in  diameter.  The  quartz  is  in  angular  pieces,  colour- 

less and  transparent,  and,  to  a  large  extent,  free  from  fluid-cavities, 
which,  when  present,  are,  for  the  most  part,  full,  and  consequently 
without  bubbles.  In  addition  to  quartz,  with  a  little  felspar  and 
kaolin,  the  only  recognizable  mineral  is  white  mica.  For  the 
analysis,  see  p.  21. 

A  sandstone  from  Brigham,  Cumberland,  belonging  to  the  Mill- 
stone-Grit series,  was  examined  both  microscopically  and  chemically, 

and  is  essentially  composed  of  fragments  of  quartz  with  a  little  fel- 
spar, the  grains  being  usually  about  y-1^  inch  in  diameter,  united  by 

a  siliceous  cement,  which  is  sometimes  a  little  cloudy.  Between  the 
constituent  fragments  of  this  rock  there  are  sometimes  minute 
crystals  of  a  mineral  which  may  perhaps  be  epidote  ;  and  the  quartz, 
which  is  colourless  and  transparent,  encloses  a  few  needles  of  tour- 

maline, besides  containing  occasional  fluid-cavities,  but  few  of  which 
contain  bubbles.  For  the  chemical  composition  of  this  sandstone, 
see  page  21. 

At  Spinkwell  quarry,  near  Bradford,  a  foliated  siliceous  sandstone, 
which  can  be  raised  in  the  form  of  very  large  slabs,  is  worked  in  the 
Lower  Coal-measures,  and  is  much  used  in  the  construction  of  chemical 
apparatus  on  a  manufacturing  scale.  This  sandstone  is  mainly  com- 

posed of  fragmentary  quartz  and  felspar,  of  the  latter  of  which  a 
portion  is  triclinic,  united  by  the  usual  siliceous  cement.  The 
quartz  is  colourless  and  transparent,  and  contains  but  few  fluid- 
cavities,  although  it  sometimes  encloses  needles  of  schorl. 

In  addition  to  quartz  and  felspar,  this  rock  contains  kaolin,  with  a 
few  minute  garnets,  and  flakes  of  dark-brown  and  colourless  mica, 
which  are  more  abundant  along  certain  lines  of  foliation  than  else- 

where. A  few  minute  crystalline  scales  of  micaceous  oxide  of  iron 
were  observed  in  the  quartz  of  this  sandstone.  The  component 
fragments  rarely  exceed  -rri-0-  inch  in  diameter.  For  analysis  of  this 
rock,  see  page  21. 

The  tine-grained  yellowish-grey  Coal-measure  sandstone  of  Stony- 
hough,  Workington,  Cumberland,  is,  to  a  large  extent,  composed  of 
minute  crystals  or  crystalline  aggregations  of  quartz  of  about  -r^- 
inch  in  diameter,  somewhat  loosely  united  by  a  siliceous  cement, 
often  much  stained  by  hydrated  ferric  oxide. 

A  considerable  number  of  sandstones  belonging  to  the  Carboni- 
ferous period  are  chiefly  composed  of  quartz  crystals,  which  have 

evidently  crystallized  in  situ,  since  they  exhibit  the  freshness  of  out- 
line peculiar  to  crystals  which  have  not  been  subjected  to  the  slightest 
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amount  of  abrasion  subsequently  to  their  formation,  not  a  point  being 
broken  or  an  angle  removed.  Sometimes  the  original  grains  of 
quartz  have,  by  the  subsequent  deposit  of  silica  upon  their  surfaces, 
become  converted  into  complete  double-terminated  crystals ;  but 
the  forms  are  frequently  less  simple,  and  the  faces  bounding  the  ex- 

terior cannot  all  be  referred  to  the  same  crystal.  That  this  crystal- 
lization is  produced  by  a  deposit  of  silica  around  the  original  grains 

of  quartz,  subsequently  to  their  having  become  members  of  an  accu- 
mulation of  sand,  was  first  noticed  in  British  rocks  by  Professor 

Bonney*,  and  has  been  subsequently  demonstrated  by  Dr.  Sorbyf. 
It  is  almost  equally  certain,  as  will  be  subsequently  shown,  that  a 
portion,  at  least,  of  the  silica  so  deposited  has  been  derived  from  the 
decomposition  of  felspar. 

Among  highly  crystalline  Carboniferous  sandstones  may  be  men- 
tioned one  belonging  to  the  Mountain-Limestone  series,  which  occurs 

at  Yeathouse,  in  Cumberland,  that  of  Parkhead,  in  the  same  county, 
and  that  of  Augill,  near  Brough,  Westmoreland;  the  two  last  of 
Yoredale  age.  Another  sandstone  in  the  Lower  Coal-measures, 
worked  at  Barngill  quarry,  in  the  county  of  Cumberland,  is  also 
crystalline. 

Permian. — The  St.  Pees  Sandstone,  at  Eheda,  Cumberland,  is  a 
fine-grained  reddish-brown  rock,  composed  of  a  mixture  of  angular 
fragments  and  minute  crystals  of  quartz  with  a  little  felspar,  the 
whole  being  united  by  a  cement  rendered,  to  some  extent,  opaque 
by  ferric  hydrate.  The  grains  and  crystals  of  quartz  have  usually  a 
diameter  of  about  -gi0-  in°h,  and  contain  but  few  fluid- cavities.  The 
colour  of  this  sandstone,  like  that  of  the  majority  of  similar  rocks,  is 
caused  by  a  coating  of  hydrated  oxide  of  iron  over  the  surfaces  of 
the  grains  and  crystals  of  which  it  is  composed,  but  which  is  readily 
removed  by  digestion  in  acids.  Felspar  is  present  in  notable  quan- 

tity, and  is  often  considerably  altered  ;  no  triclinic  species  was 
observed.  A  small  amount  of  colourless  mica  is  present  in  the  form 
of  water-worn  flakes,  together  with  a  few  imperfect  crystals  of 
schorl. 

Numerous  other  crystalline  sandstones  of  Permian  age  might  be 
cited ;  but  those  of  Penrith,  which  have  been  described  by  Dr.  Sorby, 
are  probably  the  most  interesting  and  remarkable  examples. 

Triassic. — Among  the  Bunter  sandstones  of  Lancashire  and  Che- 
shire are  certain  reddish-brown  friable  beds,  possessing  but  little 

cohesion,  and  of  which  the  constituent  grains  are  all  so  completely 
rounded,  that  the  disintegrated  sand  flows  between  the  fingers  as 
readily  as  shot.  Deposits  of  such  sandstones,  which  are  distin- 

guished by  the  name  of  "  Millet-seed  beds,"  occur  plentifully  in 
the  Lower  Mottled  series,  and  occasionally  among  the  Upper  Mottled 
sandstones,  as  well  as  in  the  Frodsham  beds  of  the  Keuper. 
A  specimen  of  millet-seed  sandstone  from  the  Lower  Bunter, 

obtained  in  the  form  of  a  core,  at  a  depth  of  1039  feet,  from  the 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  666. 
t  Address  delivered  at  Anniversary  Meeting  of  the  Geological  Society  of 

London,  20th  February,  1880,  p.  36. 
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Bootle  bore-hole  of  the  Liverpool  water-works,  was,  with  a  large 
number  of  others  from  that  district,  kindly  furnished  to  me  by  Mr. 
Charles  E.  De  Ranee,  of  the  Geological  Survey,  but  was  found  to 
be  too  friable  to  admit  of  the  preparation  from  it  of  thin  sections. 
On  examination  by  reflected  light,  however,  it  was  found  to  be  so 
entirely  made  up  of  rounded  grains,  varying  in  diameter  from  -J^ 
to  -g-J-Q-  of  an  inch,  that  I  did  not  hesitate  to  suggest  to  Mr.  De 
Ranee  the  probability  of  its  origin  being  due  to  blown  sands  united 
by  a  ferruginous  cement. 

These  grains,  of  which  the  majority  are  quartz,  are  so  rounded  as 
to  represent  miniature  pebbles,  while  a  few,  consisting  of  partially 
decomposed  felspar,  are  often  corroded  into  deep  cavities  on  one  or 
more  of  their  sides. 

The  granules  of  quartz,  as  well  as  those  of  felspar,  have  been 
covered  by  a  thin  coating  of  hydrated  ferric  oxide ;  while  on  the 
surfaces  of  the  former  a  beautiful  growth  of  crystals  of  trans- 

parent quartz  has  frequently  taken  place. 
These  crystals  do  not  often  exceed  inch  in  length;  but  they  are 

sometimes  very  perfect,  with  sharply  defined  angles,  and  frequently 
exhibit  both  plagihedral  modifications  and  horizontal  striation.  A 
few  crystals  of  pyrites  and  of  calcite  have  also  been  formed  on  the 
surfaces  of  the  rounded  quartz-grains. 

Figs.  1,  2,  3,  and  5,  PI.  II.,  drawn  by  Mr.  P.  Rutley  from 
specimens  which  I  selected  for  that  purpose,  and  magnified  one 
hundred  diameters,  represent  crystals  of  quartz  attached  to  rounded 
grains  of  the  same  mineral  forming  the  basis  of  this  sandstone. 
Pig.  4,  magnified  to  the  same  extent  as  the  others,  is  a  grain  of 
quartz  which  exhibits  a  depression  at  its  point  of  contact  with 
another  similar  body.  Specimens  presenting  this  appearance,  which 
are  not  very  numerous,  may  sometimes  be  the  result  of  one  grain  of 
quartz  having  been  forced  or  ground  into  the  substance  of  another. 
A  careful  examination,  however,  of  such  depressions  leads  to  the 
conclusion  that  in  some  cases  when  this  pitting  of  a  grain  is  ob- 

served a  deposit  of  silica  may  have  taken  place  upon  all  parts  of  its 
surface,  excepting  where  it  has  been  protected  by  contact  with 
adjoining  grains. 

Angular  cores  of  a  siliceous  material  which  have  been  deposited 
in  cavities  at  the  point  of  junction  of  several  grains  are  sometimes 
detached  when  the  rock  is  carefully  disintegrated  by  friction  with 
a  hard  brush.  When  these  adhere  to  one  only  of  the  adjacent 
grains,  having  separated  from  the  others,  they  obviously  might  give 
rise  to  depressions  of  the  kind  referred  to. 

If,  after  treating  this  sandstone  by  hydrochloric  acid,  the  residue 
be  examined  under  the  microscope,  the  presence  of  these  siliceous 
bodies  becomes  at  once  apparent.  They  are  sometimes  slightly 
coloured  by  ferric  oxide,  and  do  not  always  exhibit  colours  when 
seen  in  polarized  light ;  in  other  cases  they  afford  evidence  of  im- 

perfect crystalline  structure,  and  are  occasionally  colourless  and 
transparent. 

Pig.  6,  PI.  II.,  is  a  grain  of  felspar  which  has  become  so  corroded 



14 J.  A.  PHILLIPS  ON  THE  CONSTITUTION  AND 

that  two  distinct  cavities  have  been  produced  in  its  substance.  A 
crystal  of  iron  pyrites  attached  to  a  rounded  grain  of  quartz  is  seen 
in  fig.  7,  which,  as  well  as  the  preceding  figure,  is  represented  as 
magnified  to  the  same  extent  as  the  other  illustrations  contained  in 
the  Plate. 

Prolonged  digestion  in  hydrochloric  acid  removes  the  oxide  of 
iron,  leaving  the  surfaces  of  the  rounded  quartz  granules  clean 
and  colourless.  The  minute  crystals  of  quartz  which  have  been 
formed  upon  them,  however,  adhere  firmly  to  the  rounded  grains, 
after  this  treatment,  and  no  stain  of  ferruginous  matter  can  be 
observed  between  their  point  of  attachment  and  the  grain  of  sand 
on  which  they  have  been  formed.  It  would  therefore  appear 
that,  although  the  sand  had  been  covered  generally  by  ferric  hy- 

drates previous  to  the  growth  of  quartz  crystals,  these  have  never- 
theless originated  at  those  points  only  where  a  chemically  clean 

surface  of  the  quartzose  nucleus  was  exposed.  An  analysis  of  this 
sandstone  is  given,  p.  21. 

Sandstones  chiefly  composed  of  rounded  weather-worn  grains  occur 
in  the  Lower  Mottled  series,  at  a  depth  of  80  feet  from  the  surface 

at  Stock's  Well,  belonging  to  the  Widnes  water-works,  and  at 
Scott's  bore-hole  near  St.  Helens,  as  well  as  at  a  depth  of  260  feet 
in  the  Winwiek  boring  of  the  Warrington  water-works. 

Beds  of  loose,  rounded  sand  of  the  age  of  the  Lower  Mottled 
Sandstone  are  known  to  occur  at  Chapel  Bridge,  Prescot,  and  in  a 
boring  a  little  east  of  Newton  Bridge,  near  Warrington. 

Sandstones  of  this  character  are  met  with  north  of  Eccleston  hill, 
and  a  similar  bed  belonging  to  the  Upper  Mottled  group  comes  to  the 
surface  in  the  yard  of  the  Bridgewater  Foundry  at  Runcorn.  By 
no  means,  however,  do  all  the  sandstones  of  Lancashire  and  Cheshire 
which  belong  to  this  geological  age  exhibit  characteristics  suggestive 
of  their  formation  from  seolian  sands.  At  Wirral,  in  Cheshire,  as 
well  as  sometimes  in  the  neighbourhood  of  Liverpool,  the  Pebble- 
beds  of  the  Bunter  are  represented  by  a  brownish-yellow  sandstone 
containing  numerous  pebbles,  which  is  much  employed  for  building- 
purposes. 

In  many  of  these  beds  the  quartz  is  almost  entirely  in  the  form  of 
minute  crystals,  or  crystalline  aggregations,  often  united  by  a  ferru- 

ginous cement,  which  has  manifestly  been  introduced  subsequently 
to  the  covering  of  the  original  grains  with  crystalline  quartz. 
An  excellent  example  of  a  non-ferruginous  crystallized  sandstone 
belonging  to  the  Upper  Mottled  group  occurs  at  Town  Green,  near 
Ormskirk.  This  rock  is  mainly  composed  of  crystals  of  transparent 
quartz,  of  which  the  edges  and  angles  are  beautifully  perfect.  It 
is  of  a  far  too  friable  nature  to  allow  of  the  preparation  of  thin 
sections ;  but  it  appears  to  have  little  or  no  cementing  material,  and 
to  be,  to  a  large  extent,  merely  felted  together  by  the  intergrowth 
of  its  constituent  crystals.  It  will  be  needless  to  remark  that  the 
grains  of  sandstones  of  Bunter  age  are  not  always  either  rounded  or 
enveloped  in  crystals  of  quartz. 

Among  the  Keupcr  division  of  the  Trias  sic  sandstones,  which  are 
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mainly  composed  of  well-rounded  siliceous  grains,  may  be  cited  a 
grey,  friable,  fine-grained  rock  from  the  base  of  this  formation, 
which  is  exposed  in  the  railway- cutting  at  the  Runcorn  station, 
and  a  dark-red  sandstone  of  still  finer  texture,  belonging  to  the 
Irodsham  beds,  at  no  great  distance  from  the  same  locality.  The 
Lower  Keuper  cupreous  sandstones  of  Alderley  Edge,  Cheshire,  are 
frequently  made  up  of  quartz  crystals  on  which  still  more  minute 
crystals  of  vanadinite  may  sometimes  be  distinguished  by  the  aid 
of  a  lens. 

In  many  localities  the  quartz  pebbles  occurring  in  crystalline 
arenaceous  rocks  have  their  surfaces,  and  more  particularly  their 
upper  surfaces,  covered  by  minute  crystals  of  that  mineral.  This 
may  be  observed  in  the  case  of  pebbles  found  in  Lower  Keuper 
sandstone  in  a  quarry  near  Litherland. 

At  Dymoke,  Worcestershire,  there  is  a  Lower  Keuper  sandstone 
which  is  sufficiently  coherent  to  admit  of  the  preparation  of  thin 
sections.  This  is  a  fine-grained,  quartzose,  distinctly  laminated 
rock,  of  which  the  component  grains  are  usually  about  ̂ 4-^-  inch 
in  diameter.  These  to  a  large  extent  consist  of  quartz,  sometimes 
enclosing  hair-like  crystals  of  rutile,  and  occasionally  fluid- cavities, 
in  some  of  which  bubbles  were  observed.  A  certain  amount  of 
felspar,  a  portion  of  which  is  triclinic,  is  present  in  this  rock.  A 
few  flakes  of  colourless  mica,  and  a  little  of  the-  fibrous  mineral 
which  has  been  referred  to  as  often  occurring  in  the  cement  of 
certain  sandstones,  were  also  observed.  The  cementing  material, 
which  contains  a  little  kaolin,  encloses  a  few  minute  garnets,  and 
is  frequently  stained  by  hydrated  ferric  oxide. 

The  Waterstone  beds  belonging  to  this  series  enclose  numerous 
angular  fragments  of  dark-coloured  slaty  rock,  some  of  which  are  as 
much  as  \  inch  in  diameter.  The  quartz  grains,  many  of  which  are 

inch  in  diameter,  are  usually  much  rounded,  and  not  unfre- 
quently  enclose  fluid-cavities.  In  addition  to  quartz  and  the 
cementing  material  felspar  is  present,  as  is  also,  in  small  quantities, 
another  mineral  of  a  light  yellowish-green  colour,  which  I  have 
been  unable  to  identify,  but  which  occasionally  forms  part  of  the 
cement. 

A  fine-grained  sandstone  of  Upper  Keuper  age,  which  occurs  at 
High  House,  Warwickshire,  is  to  a  large  extent  composed  of  quartz 
crystals,  while  a  bed  of  loose  sand,  found  25  feet  below  the  surface 
at  Frodsham,  above  the  Keuper  Marl,  is,  on  the  contrary,  entirely 
made  up  of  much-rounded  grains. 

The  rounded  quartz  grains  of  Triassic  sandstones,  when  examined 
in  a  suitable  medium,  after  the  removal  of  their  external  ferruginous 
coating,  are  found  to  be  colourless  and  often  transparent.  Grains  con- 

taining fluid-cavities  are  comparatively  rare,  but  they  are  apparently 
more  numerous  in  the  Keuper  sandstones  than  in  rocks  of  Bunter 
age.  A  few  crystals  of  schorl  occasionally  present  themselves  in  the 
quartz  of  these  rocks,  which  is  not  unirequently  rendered  turbid 
by  the  enclosure  of  what  is  probably  a  little  ferruginous  clay.  It 
is,  however,  probable  that  the  grains  containing  fluid-cavities  in 
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which  crystals  of  schorl  are  also  found  owe  their  origin  to  a  different 
source  from  that  whence  the  supply  of  quartz  which  does  not  contain 
such  cavities  was  derived. 

Jurassic. — A  fine-grained  Upper  Lias  sand,  of  a  greenish  colour, 
from  Seizincote,  Stow  -  on  -  the  -Wold,  Gloucestershire,  effervesces 
when  treated  with  hydrochloric  acid,  leaving  grains  of  transparent 
quartz,  which  are  generally  angular.  In  some  instances,  however, 
their  more  acute  angles  appear  to  be  slightly  rounded,  although 
the  mean  diameter  of  the  fragments  is  only  -^hl  inch.  Besides 
quartz  containing  occasional  fluid-cavities,  usually  without  hubbies, 
there  are  present  a  few  pieces  of  somewhat  doubtful  felspar,  together 
with  numerous  fragmentary  crystals  of  schorl  and  garnet. 

The  only  coherent  arenaceous  rock  of  this  age  which  I  have  had 
an  opportunity  of  examining  is  that  quarried  at  Egton,  near  Whitby, 

under  the  name  of  "  Moor  Grit,"  which  is  locally  much  employed 
for  road-metal.  It  is  white  and  fine-grained,  being  often  so 
compact  as  to  be  entitled  rather  to  the  name  of  quartzite  than  to 
that  of  grit.  Its  geological  horizon  is  above  the  Grey  Limestone  in 
the  estuarine  series  of  the  Lower  Oolite  in  North-east  Yorkshire. 

Under  the  microscope  this  rock  is  seen  to  be  almost  entirely 
composed  of  transparent,  colourless  quartz,  of  which  the  largest 
pieces  are  about  y1^  inch  in  diameter,  and  of  which  the  angles  are 
usually  more  or.  less  removed.  Around  and  between  these  grains 
a  deposit  of  transparent  crystalline  quartz  has  taken  place,  thus 
forming  a  cementing  medium.  A  few  small  garnets  are  present, 
but  no  fluid- cavities  with  bubbles  were  observed,  although  some  of 
the  quartz  encloses  minute  crystals  of  a  yellowish  mineral  which 
I  have  been  unable  to  identify  ;  these  are  exceedingly  minute, 
often  not  exceeding  yulnny  ̂ ncn  *n  length.  Many  of  the  smaller 
grains  in  this  rock  exhibit,  when  examined  in  polarized  light,  that 
complex  structure  so  frequently  observed  in  the  quartz  of  clay-slates 
and  other  somewhat  similar  rocks. 

A  sand  resulting  from  a  disintegrated  Portland  Stone  at  Fonthill 
Giffard,  Wiltshire,  is  largely  composed  of  ovoid  grains  of  calcite. 
After  being  attacked  by  hydrochloric  acid,  a  rounded  quartzose  sand, 
amounting  to  about  one  quarter  of  the  total  bulk  of  the  mixture, 
remains  behind.  This  sand,  of  which  the  grains  vary  from  y1^  to 
inch  in  diameter,  contains  but  few  fluid-cavities,  and  these,  as  a  rule, 
are  without  bubbles.  The  fragments  of  quartz  are  associated  with, 
and  not  enclosed  by,  the  ovoid  grains  of  calcic  carbonate. 

Cretaceous. — The  Tilgate  Sandstone,  Ashdown  Sands,  from  Newick 
Park,  Sussex,  is  composed  of  slightly  rounded  grains  of  colourless 
transparent  quartz,  united  by  a  cement  consisting  partly  of  calcic 
carbonate  and  partly  of  flint.  The  quartz  is  almost  entirely  free 
from  fluid-cavities,  but  encloses  a  few  hair-like  crystals  of  a  mineral 
which  is  probably  rutile.  If  felspar  be  present  it  has  become  too 
extensively  altered  to  admit  of  identification. 

Sections  have  been  examined  of  the  chert  known  as  Sevenoaks 
Stone,  as  well  as  of  several  others  of  Lower  Greensand  age.  They 
all  contain  numerous  fossils,  particularly  sponge-spicules,  and  in 
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some  cases  consist,  to  a  large  extent,  of  amorphous  silica ;  in  others 
the  rock  becomes  crystalline  and  distinctly  chalcedonic.  The  flinty 
varieties  often  contain  crystals  of  calcite,  which  cluster  around  an 
included  fossil  as  a  nucleus.  All  the  specimens  examined  contain 
glauconite,  and  occasionally  grains  of  ordinary  quartz,  some  of  which 
are  much  rounded,  while  others  are  angular. 

The  "  Carstone of  Hunstanton,  near  King's  Lynn,  Norfolk,  and 
of  various  other  localities,  is  a  friable  ferruginous  sandstone  belonging 
to  the  upper  portion  of  the  Lower  Greensand  formation,  and  occurring 
in  beds  of  which  the  relations  have  not,  as  yet,  been  accurately 
determined.  A  series  of  specimens  from  this  locality  was  kindly 
furnished  me  by  Mr.  S.  B.  J.  Skertchly,  of  the  Geological  Survey, 
who  is  at  present  occupied  in  working  out  the  geology  of  the  district. 

"With  the  exception  of  certain  variations  in  colour,  these  beds  so 
closely  resemble  one  another  in  their  general  characteristics  that  a 
description  of  one  of  them  will  suffice  for  the  present  purpose. 

A  specimen  of  Carstone  from  immediately  below  the  Red  Chalk 
exposed  in  the  cliff  at  Hunstanton  was  found  to  be  mainly  composed 
of  a  mixture  of  somewhat  rounded  grains  of  quartz,  with  small 
pebble-like  granules  of  dark-brown  iron-ore.  The  individual  grains 
of  these  minerals  vary  in  diameter  from  yL-  inch  to  the  most  minute 
sand,  although  small  pebbles  of  larger  size  than  the  highest  limit 
quoted  are  not  of  unfrequent  occurrence.  The  quartz  contains 
schorl  and  rutile,  together  with  a  few  fluid- cavities,  of  which  the 
majority  are  without  bubbles.  In  addition  to  ordinary  quartz 
grains,  this  rock,  when  carefully  disintegrated,  exhibits  numerous 
examples  of  the  angular  bodies  resulting  from  the  breaking-up  of  a 
siliceous  deposit  formed  between  the  grains  of  the  original  sand, 
which  have  been  noticed  (p.  13)  in  connexion  with  millet-seed 
sandstones  of  Bunter  age. 

By  the  prolonged  action  of  hydrochloric  acid  the  quartz  of  this 
rock  is  rendered  colourless,  while  the  globules  of  ferric  hydrate  are 
dissolved,  with  the  exception  of  a  siliceous  skeleton  which  preserves 
the  exact  form  of  the  original  grains.  These  bodies  do  not  usually 
exhibit  colours  when  mounted  in  balsam  and  examined  by  polarized 
light ;  but  in  a  few  cases  the  presence  of  a  dark  cross  indicates  a 
pisolitic  structure  in  the  siliceous  residue*.  In  addition  to  the 
foregoing,  this  rock  contains  a  few  minute  scales  of  mica  and  a  very 
small  quantity  of  felspar.  The  majority  of  the  grains  of  quartz 
have  their  angles  distinctly  abraded :  in  some  instances  they 
have  been  completely  removed,  and  a  pebble-like  form  has  been  the 
result. 

A  specimen  of  Carstone  obtained  from  a  bed  directly  beneath  the 
Red  Chalk,  afforded  on  analysis  the  following  results : — 

*  Both  Dr.  Percy  and  Professor  Judd  hare  described  siliceous  skeletons  which 
occur  in  the  pisolitic  grains  of  Northamptonshire  iron-ore : — Metallurgy,  Iron 
and  Steel,  pp.  225,  226 ;  Memoirs  of  the  Geological  Survey,  Geology  of  Rutland 
&c.  p.  119. 

Q.J.G.S.  No.  145. c 
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Water  J  hygrometric    3*85 
[  combined.  .  .  .  ,   6-56 

Silica    49-81 
Phosphoric  anhydride    0*42 
Alumina   5*17 
Ferric  oxide    29-17 
Ferrous  oxide   0*35 
Lime    2-43 
Magnesia   0-95 
Potassa    0-48 
Soda    0-84 

100-03 
Another  variety  of  this  rock  from  the  same  locality,  but  darker 

in  colour,  was  found  to  contain  37  per  cent,  of  ferric  oxide  and  45 
per  cent,  of  silica ;  the  amount  of  phosphoric  anhydride  was  nearly 
the  same  as  in  the  first  specimen  analyzed. 

An  examination  of  the  spherules  of  various  pisolitic  iron-ores 
shows  that  they  exhibit  all  the  characteristics  of  the  globular 
ferruginous  grains  found  in  these  sandstones  ;  and  it  may  therefore 
be  inferred  that  they  have  had  a  similar  origin.  A  pisolitic  iron- 
ore  of  Middle  JSTeocomian  age,  which  occurs  at  Market  Rasen  in 
Lincolnshire,  consists  to  a  large  extent  of  spherules  very  closely 
resembling  the  ferruginous  graias  in  the  sandstones  at  Hunstanton. 

Tertiary. — Hertfordshire  Puddingstone,  Lower  Eocene,  is  a  conglo- 
merate of  flint  pebbles  united  by  a  concrete  consisting  of  fragments 

of  transparent  quartz  and  greyish  flint  held  together  by  a  flinty 
cement.  In  this  concrete  the  quartz  is  considerably  in  excess  of 
the  flint,  and  sometimes  contains  fluid-cavities.  Its  fragments  are 
all  angular,  and  vary  in  diameter  from      to  inch. 

A  specimen  of  sand  from  Hordwell,  Hampshire,  equivalent  in  age 
to  the  Headon  beds,  contains  no  recognizable  felspar.  All  the  quartz 
down  to  a  diameter  of  ̂   inch  is  completely  rounded ;  and  even  the 
smallest  particles  have  had  their  angles  entirely  removed.  Fluid- 
cavities  with  bubbles  are  abundant  in  some  of  the  quartz  consti- 

tuting this  sand. 
Sand  from  the  Marine  beds,  near  the  top  of  the  Hempstead  series, 

Isle  of  Wight,  was,  after  treatment  with  hydrochloric  acid,  found  to 
be  composed  chiefly  of  grains  of  quartz,  of  which  about  three 
fourths  had  a  diameter  of  less  than  inch.  These,  down  to  the 
finest  particles,  are  much  rounded,  although  still  roughly  retaining 
the  form  of  the  original  fragments. 

The  fine-grained  brilliantly  coloured  sands  at  Alum  Bay,  Isle  of 
Wight,  of  Upper  Eocene  age,  usually  classified  as  Lower  Bagshot, 
have  not,  as  yet,  been  definitely  identified  with  the  beds  of  the  London 
Basin.  By  digestion  in  hydrochloric  acid  the  quartz  becomes  colour- 

less ;  and,  although  not  completely  rounded,  the  angles  even  of  the 
smallest  fragments  have  generally  been  modified  by  attrition.  Fluid- 
cavities  are  not  plentiful,  and  when  present  seldom  enclose  bubbles. 



HISTORY  OF  GRITS  AXD  SAXDSTOXES. 
19 

Needle-like  crystals  of  schorl  are  sometimes  enclosed  in  this 
quartz. 

The  most  considerable  bed  of  sand  at  Bovey  Heathfield,  Devon- 
shire, no.  27  of  Mr.  Pengelly*  (Miocene?),  consists  largely  of 

quartzose  fragments,  nearly  all  of  which  are  sharply  angular,  trans- 
parent, and  colourless.  They  contain  fluid-cavities  with  bubbles ; 

but  the  latter  appear  to  be  less  numerous  than  in  the  quartz  of  some 
Cornish  granites.  Schorl  is  present  in  considerable  quantity,  both 

as  detached  crystals  and'  as  portions  of  crystals,  also  as  needles penetrating  quartz. 
Post-Tertiary.- — Sand  washed  from  the  Lower  Boulder-clay  at  Holy- 

well, Flintshire,  is  largely  composed  of  small  quartz  pebbles,  rounded 
grains  of  various  felspathic  and  other  rocks,  and  numerous  fragments 
of  millet-seed  sandstone.  A  few  unworn  quartz  crystals  resulting 
from  the  disintegration  of  crystalline  sandstones,  and  some  angular 
grains  of  quartz,  were  also  observed.  Even  the  smallest  particles  of 
this  sand  are  often  rounded. 

The  larger  grains  of  a  sand  of  Middle  Glacial  age  which  occurs  in 
this  locality  are  either  rounded  grains  of  quartz  or  of  some  other 
rock,  or  small  pebbles  of  millet-seed  sandstone.  Those  of  medium 
size  are  millet-seed  quartz  grains,  mixed  with  a  few  unworn  crystals 
and  angular  pieces  of  the  same  mineral. 

A  specimen  of  Middle  Glacial  sand  from  Bagilt  in  the  same 
county  differs  in  no  respect  from  the  foregoing,  excepting  that 
crystals  of  quartz  derived  from  crystalline  sandstones  are  rather 
more  numerous,  angular  fragments  are  less  rare,  and  broken  millet- 
seed  grains  are  of  more  frequent  occurrence. 

The  Middle  Glacial  drift  at  Colwyn  Bay  is  mainly  composed  of 
small  pebbles  of  various  rocks,  principally  of  quartz,  with  a  few 
unworn  crystals  of  the  same  mineral,  resulting  from  the  disintegra- 

tion of  sandstones.  In  this  drift  the  smallest  fragments,  although 
generally  rounded,  have  not  been  converted  into  minute  pebbles. 

At  different  times  I  have  examined  numerous  specimens  of  recent 
water-borne  sands.  Among  these,  that  on  the  sea-shore  at  Pentewan 
int  Cornwall  is,  as  described,  p.  24,  perfectly  sharp  and  angular,  as 
is  the  sand  on  the  beach  at  Par,  about  six  miles  further  east.  Accord- 

ing to  Dr.  Sorb}T  such  is  also  the  case  with  regard  to  the  sands  of 
the  modern  beach  at  Scarborough,  and  those  of  the  river-terraces  at 
Dunkeld. 

A  large  proportion  of  the  quartz  in  the  sands  of  the  Thames 
valley  is  sharply  angular,  although  mixed  with  rounded  grains  of 
the  same  size.  The  grains  of  the  auriferous  sands  collected  on  the 
coast  of  Northern  California  are  likewise  for  the  most  part  angular, 
although  perfectly  rounded  ones  are  at  the  same  time  present. 

Among  the  blown  or  seolian  sands  which  have  been  examined  is 
one  from  the  Great  African  Desert,  and  another  from  Arabia 
Petrsea.  The  grains  of  these  are,  without  exception,  much  worn ; 
and  there  is  no  admixture  of  the  angular  fragments  found  in 

*  "The  Lignites  and  Clays  of  Bovey  Tracey,"  Phil.  Trans.  1862,  toI.  clii. 
p.  1019. 

c  2 
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all  subaqueous  deposits ;  the  majority  are  in  the  state  of  minute 
well-rounded  pebbles.  As  in  the  case  of  water-borne  sands,  the 
effects  of  attrition  are  more  conspicuous  in  the  larger  fragments 
than  in  the  smaller  ones ;  but  even  the  most  minute  particles  are  in 
these  sands  much  rounded.  Exceptionally  the  quartz  encloses 
fragments  of  a  felspathic  material ;  and  fluid- cavities  with  bubbles 
are  not  entirely  absent  in  African  specimens. 

A  bed  of  sandstone,  said  to  occur  in  a  salt-producing  district 
sixty  miles  south-east  of  Tebessa,  of  which  some  years  ago  I  brought 
a  specimen  from  Tunis  to  London,  is  entirely  made  up  of  rounded 
grains.  In  that  respect  this  rock  resembles  the  millet-seed  sand- 

stones of  Lancashire  and  Cheshire  :  but  it  is  unlike  them,  inasmuch 
as  no  crystals  of  quartz,  or  of  any  other  mineral,  have  been  deposited 
upon  the  surfaces  of  the  rounded  granules. 

Modern  blown  sands,  of  which  we  have  numerous  examples  in 
this  country,  differ  from  desert  sands  and  from  those  of  certain 
sandstones  only  in  being  usually  somewhat  less  completely  rounded. 
Among  the  sands  of  this  description  which  have  been  examined  are 
specimens  from  the  dunes  at  Rhyl,  Flintshire,  Colwyn  Bay,  Den- 

bighshire, Lytham,  Lancashire,  and  from  Perranzabuloe  and  Lelant, 
in  Cornwall.  Speaking  generally,  the  sands  from  the  northern  loca- 

lities have  been  more  completely  rounded  than  those  from  Cornwall, 
and  consist  of  a  mixture  of  worn  quartz  and  various  slaty  and 
other  rocks,  with  a  little  felspar  and  a  few  fragments  of  shells. 
Fluid- cavities  with  bubbles  are  rare  in  the  quartz  of  these  sands. 
In  addition  to  rounded  grains  of  various  slaty  and  other  rocks, 
quartz,  felspar,  and  fragments  of  shells  are  present ;  among  these 
quartz  largely  predominates.  The  Cornish  sands  contain  a  few 
partially  rounded  prisms  of  tourmaline. 

Chemical  Composition  of  Sandstones  &fc. — -A  microscopic  examina- 
tion of  a  large  number  of  sections  of  grits  and  sandstones  having 

led  to  the  conclusion  that  many  of  the  published  analyses  of  such 
rocks  must  be  of  a  very  imperfect  character,  five  different  specimens 
were  selected  for  analysis. 

In  making  these  analyses  I  have  received  the  valuable  assistance  of 
Mr.  E.  W.  Yoelcker,  A.R.S.M. ;  and  in  each  case  fusion  with  alkaline 
carbonates  was  adopted.  The  estimation  of  alkalies  was  made  after 
an  attack  by  hydrofluoric  acid,  and  was  checked  by  a  fusion  with 
carbonate  of  calcium  and  chloride  of  ammonium. 



HISTORY  OF  GRITS  AND  SANDSTONES. 21 

Analyses* . 
I. II. III. IV. V. 

Water  1  hygrometric  
 VVatei  {  combined  

•125 
•935 

80-600 9-200 1-  025 

076 
trace, 
trace. 2-  370 •232 

-L  00\J 1-285 1-647 
1-372 

"  -150 •700 

75-750 
8-227 

•050 

1-290 

87-400 

3-997 1-876 

trace. 

•060 

•400 
•850 

85-550 
7-570 

•150 
•300 

87-150 

3-948 
1-200 

trace. 

•094 

1-  352 

•203 

2-  681 1-080 
1-273 

•840 

Carbonic  anhydride  
0-15 

•171 

10-521 1-352 

trace. 

•360 

1-059 1-283 

•070 

trace. 

Ferrous  oxide   
Ferric  persulpbide  (FeS2)  . 
Manganous  oxide   

1-366 

•300 
•279 

•684 •741 
•332 

1-915 

•753 

Soda   

•588 
•612 
■915 

1-113 

100-197 100-120 100-307 100-336 100-271 

Specific  gravity   
2-689 2-464 2-710 2-531 2-660 

I.  Grit,  Cambrian :  Barmouth,  JSTorth  Wales. 
II.  Sandstone,  Carboniferous  f  :  Toredale  Series,  Shalk  Beck,  Cumberland. 

III.  Sandstone,  Carboniferous:  Millstone- Grit  Series,  Brigham,  Cumberland. 
IV.  Sandstone,  Carboniferous:   Lower  Coal-measures,  Spinkwell  quarry, Bradford. 
V.  Sandstone,  Triassic :  Bunter,  Bootle  Well,  Liverpool. 

Examination  of  Water-  borne  Sands. 

"With  the  view  of  to  some  extent  studying  the  action  of  running 
water  upon  the  mineral  fragments  which  it  transports,  a  microsco- 

pical examination  was  made  of  the  sands  of  the  St.  Austell  river,  in 
Cornwall.  This  stream,  which  during  the  summer  months  is  a  mere 
rivulet  of  moderate  size,  sometimes  in  winter  becomes  a  considerable 
torrent.  Its  eastern  arm  arises  at  a  distance  of  two  miles  and 
three  quarters  from  the  town,  and  at  a  height  of  470  feet  above  the 

foot  of  the  weir  at  the  "Old  Bridge."  Its  western  arm,  which  meets, 
the  other  a  little  north-west  of  the  town,  takes  its  rise  in  a  small 
valley  only  a  mile  from  the  point  of  origin  of  the  more  easterly 
branch.  From  the  bridge  the  distance  to  the  sea  at  Pentewan  is 
four  miles,  while  the  total  fall  is  only  114  feet. 

This  stream  formerly  carried  with  it  into  the  bay  vast  quantities 
of  the  granitic  sand  which  is  separated  by  washing  from  china-clay 
at  the  different  clay-works  in  the  district.  As,  however,  catch-pits 
have  of  late  years  been  employed  for  the  purpose  of  retaining  it  at 

*  Since  the  above  were  completed,  my  attention  has  been  directed  to  some 
analyses  published  in  U.S.  G-eol.  Survey,  XLth  Parallel,  vol.  ii.  pp.  35  &  246, 
which  agree  very  closely  with  those  here  given. 

t  A  white  fine-grained  sandstone,  much  spotted  with  brown. 
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the  several  works,  the  quantities  thus  transported  are  now  very 
small. 

On  the  eastern  "branch  a  certain  amount  of  granitic  sand  escapes into  the  stream  almost  immediately  at  its  source ;  this  is  repeated 
at  short  intervals  for  a  distance  of  a  mile  and  a  half,  and  finally 
ceases  a  mile  and  a  quarter  above  the  Old  Bridge,  at  a  height  of 
about  200  feet  above  the  weir-foot. 

The  first  introduction  of  sand  into  the  western  branch  takes  place 
nearly  a  mile  below  its  source,  and  is  discontinued  half  a  mile 
further  down  its  course,  but  at  a  somewhat  lower  level  than  in  the 
case  of  the  eastern  fork. 

It  follows  that,  before  arriving  at  the  bridge,  each  grain  of  sand 
must  have  travelled  over  a  distance  of  at  least  a  mile  and  a  quarter, 
with  a  fall  of  above  150  feet,  while  a  portion  of  it  has  been  trans- 

ported two  miles  and  three  quarters  through  a  channel  thickly 
strewn  with  granite  boulders,  and  having  a  fall  in  that  distance  of 
470  feet. 

Before  arriving  at  the  sea,  therefore,  the  whole  of  the  sand  must 
have  travelled  at  least  five  miles  and  a  quarter,  with  a  minimum 
fall  of  about  270  feet,  while  a  portion  of  it  will  have  been  transported 
a  distance  of  six  miles  and  three  quarters  over  a  total  declivity  of 
584  feet. 

The  first  samples  of  material  were  collected  from  the  bed  of  the 
river  a  little  below  the  bridge,  and  a  mile  and  a  half  from  the  point 
at  which  the  last  granitic  sands  are  discharged  into  the  stream. 

For  the  purpose  of  facilitating  a  microscopical  examination  of 
these  sands,  they  were  divided  into  four  different  parcels  by  a  series 
of  sieves,  the  first  sieve  allowing  to  pass  through  it  all  fragments 
less  than  inch  in  diameter,  the  second  those  having  a  less  diameter 
than  -Jq  inch,  and  the  third  all  particles  having  a  smaller  diameter 
than  inch. 

The  largest  fragments,  retained  upon  the  coarsest  sieve  were  about 
j  inch  in  diameter,  graduating  to  a  diameter  of  inch. 

This  sand  consists  of  a  mixture  of  quartz,  felspar,  schorl,  and 
mica,  in  which  the  last-named  mineral  is  present  in  smaller  pro- 

portion than  any  of  the  other  minerals.  "When  examined  by  re- flected light,  and  magnified  20  diameters,  the  edges  and  points  of 
the  different  fragments  of  quartz  and  schorl  are  found  to  be  sharp 
and  unrounded ;  the  only  exception  being  in  the  case  of  certain 
grains  of  quartz,  which  I)r.  Sorby  suggests  may  have  been  corroded 
by  the  action  of  alkaline  waters,  but  which  may  have  perhaps  never 
possessed  other  than  rounded  outlines. 

The  angles  and  edges  of  the  felspar  and  mica  are,  on  the  contrary, 
distinctly  rounded  ;  and  although  this  might  have  been  anticipated 
as  regards  the  mica,  it  is  at  first  sight  not  so  easily  understood  in 
the  case  of  felspar,  whose  density  and  hardness  differ  but  slightly 
from  those  of  quartz.  It  must,  however,  be  remembered  that  the 
grains  of  felspar  had  become  externally  kaolinized  while  still  form- 

ing an  integral  portion  of  the  decomposed  granite,  and  that,  on  the 
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removal  of  this  coating  of  china-clay  by  washing,  a  rounded  central 
nucleus  will  remain. 

Sand  which  had  passed  through  the  J^-inch  apertures  of  the  first 
sieve,  hut  which  was  retained  by  the  ̂ _-inch  openings  of  the  second, 
has  a  similar  composition  to  that  of  coarser  grain.  The  quartz  and 
schorl  are  both  angular ;  the  felspar  is  more  rounded  than  the  quartz ; 
and  the  mica,  which  is  more  plentiful  than  in  the  coarser  sand,  is 
much  worn  on  the  edges. 

The  sand,  which  after  passing  through  the  ̂ -inch  sieve  was 
retained  on  the  j-L-inch  sieve,  consists  of  a  mixture  of  angular 
quartz,  unworn  crystals  of  tourmaline,  grains  of  felspar  (some  of 
which  are  rounded)  and  flakes  of  mica  (which  are  much  worn  on 
the  edges). 

An  examination  of  the  material  which  passed  the  sieve  having 
apertures  y-jLy  inch  in  diameter,  shows  that  its  grains  are  entirely 
unwaterworn.  The  proportion  of  mica  is  much  larger  than  in  the 
coarser  sands,  and  there  is  less  felspar ;  hut  most  of  the  grains  have 
had  their  angles  removed.  The  quartz  is  generally  in  the  form  of 
tabular  flake-like  fragments,  while  the  schorl  often  occurs  as  small 
acicular  crystals. 

The  quartz  of  these  sands  is  frequently  penetrated  by  needles  of 
schorl ;  and  when  mounted  in  balsam  it  is  seen  to  be  full  of  fluid- 
cavities  containing  bubbles — in  this  respect  differing  entirely  from 
the  quartz  of  the  Cornish  grits,  as  well  as  from  that  of  the  majority 
of  sandstones. 

Specimens  of  the  sandy  deposit  were  taken  from  down  the  course 
of  the  river,  at  intervals  of  a  mile  apart,  the  last  having  been  obtained 
at  a  point  slightly  above  the  sea-level  at  high  water  at  Pentewan. 
In  every  case,  however,  they  so  exactly  resembled  those  first  taken 
from  below  the  Old  Bridge  at  St.  Austell  as  not  to  require  detailed 
description.  The  quartz  and  schorl  are  angular,  the  felspar  is  more 
or  less  rounded,  and  the  larger  flakes  of  mica  are  worn  at  the  edges. 
With  regard  to  the  distribution  of  sand  along  the  river-bed,  it  is 
needless  to  remark  that  the  coarser  fragments  are  found  towards  the 
centre  of  the  stream,  while  the  finer  silt,  with  minute  flakes  of  mica 
and  quartz,  accumulates  in  less  rapidly  moving  currents  near  the 
banks. 

Having  found  that  quartz  grains  below  ̂   inch  diameter  are  not  in 
the  slightest  degree  rounded  by  a  minimum  transit  of  five  miles 
and  a  quarter  down  the  course  of  the  stream,  it  was  thought  desirable 
to  ascertain  the  effect  of  a  prolonged  action  of  the  waves  upon  the 
sand  lying  on  the  sea-shore. 

It  must  be  here  remarked  that  since  the  first  opening  of  china- 
clay  works  in  this  district,  now  about  sixty  years  since,  millions  of 
tons  of  granitic  sand  have  been  carried  into  the  sea  by  the  streams 
into  which  it  was  discharged.  The  effect  of  this  at  Pentewan  has 
been  to  silt  up  the  harbour  to  a  very  serious  extent ;  while  the  whole 
of  the  sands  upon  the  sea-beach  bear  evidence  of  having  been 
derived  from  the  same  source. 

The  point  from  which  the  specimens  were  taken  for  examination 
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is  situated  at  a  distance  of  half  a  mile  west  from  the  present  mouth 
of  the  stream  by  which  the  sands  were  brought  down.  They  were 

collected  from  the  water's  edge  at  half-tide ;  and  as  the  discharge  of 
granitic  sands  into  the  river  has  been  very  small  during  the  last  ten 
or  twelve  years,  and  this  point  is  considerably  removed  from  its 
mouth,  it  is  evident  that  a  large  proportion  of  the  grains  taken  must 
have  been  subjected  during  many  years  to  the  wearing  action  of  the 
waves. 

An  examination  of  this  sand  shows  that  quartz  having  a  diameter 
between  and  -±y  inch  is  usually  angular,  although  some  of  the 
larger  pieces  are  distinctly  (but  not  considerably)  rounded.  The 
schorl,  like  the  quartz,  generally  presents  sharp  angles,  although 
somewhat  abraded  grains  of  this  mineral  are  occasionally  met  with. 
Nearly  all  the  felspar  is  rounded  to  a  considerable  extent,  as  is  also 
the  small  quantity  of  mica  which  is  present. 

Below  -e^j  inch  in  diameter  the  angularity  of  the  fragments  of 
quartz  and  schorl  is  perfect,  with  the  exception  of  occasional 

"  corroded "  grains ;  the  felspar  has,  for  the  most  part,  rounded 
outlines ;  and  mica  is  almost  entirely  absent. 

At  page  32  of  his  Address  to  the  Geological  Society  of  London 

(1880)  Dr.  Sorby  remarks  : — "  Unfortunately  I  am  not  acquainted 
with  sufficient  facts  to  prove  how  long  it  would  require  to  thoroughly 
wear  down  and  round  a  grain  inch  in  diameter.  It  is  evident  it  is 
a  very  different  thing  from  the  wearing  of  a  pebble,  and  may  require 
a  longer  period  of  wear  than  we  might  suspect,  if  we  did  not  bear 
in  mind  that  when  buoyed  up  by  water  the  friction  of  such  small 

particles  on  the  bottom  must  be  always  small."  Again,  at  page  34, 
he  says  : — "  It  appears  to  me  sufficiently  proved  that  a  great  amount 
of  drifting  and  mechanical  action  must  be  required  to  wear  down 
angular  fragments  of  quartz  into  rounded  grains  y-J-^  inch  in  diameter, 
which  I  have  taken  as  the  standard  for  comparison." 

Professor  Daubree  states  that  the  diameter  of  grains  capable  of 
floating  in  slightly  agitated  water  is  about  millimetre,  or,  say, 
^-^j  inch,  and  remarks  that  all  smaller  grains  must  of  necessity 
remain  angular*.  He  subsequently  says  that  a  current  or  wave 
capable  of  carrying  off  in  suspension  particles  of  that  diameter,  with- 

out in  any  way  affecting  their  form,  would  cause  larger  fragments 
of  the  same  mineral  to  so  rub  one  against  another  as  gradually  to 
produce  rounded  sand.  According  to  an  experiment  quoted  by  this 
author,  a  sand  of  which  the  grains  have  a  diameter  of  T5^  millimetre, 
say  inch,  to  which  a  movement  of  one  metre  per  second  is  im- 

parted, becomes  rounded,  with  a  loss  equal  to  yxnhnr  of  its  weight 
per  kilometre  traversed. 

This  experiment  appears  to  indicate  that  a  grain  of  quartz  inch 
in  diameter  requires,  before  becoming  completely  rounded  and 
assuming  the  form  of  a  miniature  pebble,  an  amount  of  abrasion 
equal  to  that  which  would  result  from  having  travelled  a  distance 
of  three  thousand  miles.  In  arriving  at  this  conclusion  the  fact 
must  not  be  lost  sight  of  that,  after  the  first  rounding  of  the 

*  G-eologie  Experimental©,  p.  256. 
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angles  and  edges,  the  operation  will  gradually  become  slower  as  the 
surfaces  become  more  worn  and  the  weight  of  the  grain  decreases. 

That  angular  fragments  of  quartz  having  a  diameter  of  less  than 
-gij  inch  remain  unrounded  by  the  continuous  action  of  breakers  after 
many  years'  exposure,  is  evident  from  an  examination  of  the  sands 
at  Pentewan.  It  has  been  shown  by  other  evidence,  as  well  as  by 
the  recent  experiments  of  Professor  Daubree,  that  the  rounding-down 
of  such  sands  by  the  action  of  running  water  must  be  an  exceed- 

ingly slow  operation,  and  one  requiring  a  somewhat  active  current 
with  an  amount  of  friction  equivalent  to  transport  over  enormous 
distances.  Grains  of  quartz  of  similar  dimensions  are,  in  blown 
sands,  completely  rounded. 

Summary  and  General  Conclusions. » 
The  Cambrian  grits  of  Barmouth  contain  quartz  and  felspar,  both 

in  the  form  of  angular  fragments  and  also  as  rounded  pebbles.  The 
materials  presenting  these  different  forms  have  probably  been  de- 

rived from  two  distinct  sources ;  while  the  large  size  and  complete 
sharpness  of  the  angles  of  many  of  the  irregular  grains  appear  to 
indicate  that  they  cannot  have  been  transported  from  any  consider- 

able distance,  and  that  the  felspar  cannot  have  been  derived  from 
kaolinized  granite. 

All  the  arenaceous  rocks  of  Silurian  age  which  have  been  ex- 
amined contain  a  small  proportion  of  felspar,  the  grains  of  the 

various  constituent  minerals  being  in  some  cases  angular,  and  in 
others  rounded. 

Many  of  the  rocks  belonging  to  this  period  are  composed  of  a 
mixture  of  grains  of  both  forms.  Among  rocks  mainly  composed  of 
rounded  grains  are  the  Stiper  Stones  of  Shropshire  and  the  Lower 
Lickey  Quartzites  of  Westmoreland.  Some  of  the  grits  from  the 
neighbourhood  of  Aberystwith  enclose  fragments  of  a  volcanic  rock 
of  doleritic  character. 

The  grits  of  Cornwall,  which  are  of  at  least  Devonian  age,  include 
flakes  of  soft  slaty  rocks,  the  edges  of  which  are  perfectly  sharp, 

together  with  angular  fragments  of  the  well-known  "  greenstones  " 
and  "  dunstones"  of  that  county. 

A  large  number  of  the  Carboniferous,  Permian,  and  Triassic 
sandstones  are  composed  almost  entirely  of  quartz  crystals,  which 
have  undoubtedly  been  produced  in  situ,  as  they  not  only  penetrate 
and  interpenetrate  one  another,  but  also  exhibit  the  most  perfect 
sharpness  and  freshness  of  outline.  As  confirmatory  of  this  hypo- 

thesis it  may  be  mentioned  that  in  a  quarry  at  Eoggen  Tor,  on 
Dartmoor,  the  felspar  has  in  places  become  decomposed  into  soft 
kaolin,  in  which  the  liberated  silica  is  imbedded  in  the  form  of 

aggregations  of  well-formed  and  transparent  quartz  crystals  *. 
Unworn  double-pointed  crystals  of  quartz,  likewise  resulting  from 
the  decomposition  of  felspar,  have  recently  been  found  near  St. 
Austell,  Cornwall,  in  soft  china-clay ;  one  of  these,  more  than  three 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  p.  9. 
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inches  in  length,  is  now  in  the  collection  of  the  Museum  of  Practical 

Geology.  Sandstones  of  this  description  are  not  unfrequently  -with- 
out any  kind  of  cementing  matrix,  being  merely  felted  together  by 

a  matted  intergrowth  of  their  constituent  crystals. 
Professor  Daubree  entertains  the  opinion  that  crystalline  sand- 

stones frequently  owe  their  origin  to  chemical  agencies  resulting 
from  an  outpouring  of  igneous  rock ;  but,  although  this  may  some- 

times have  been  the  case,  many  of  the  most  completely  crystalline 
British  sandstones  are  situated  at  distances  of  many  miles  from  any 
known  rock  belonging  to  this  class.  The  same  author  maintains 
that  the  presence  of  anhydrous  ferric  oxide  in  sandstones  affords 
evidence  of  their  having  been  subjected  to  a  high  temperature*.  It 
must,  however,  be  remembered  that  the  carnallite  of  Stassfurt,  which 
has  evidently  never  been  highly  heated,  contains  crystals  of  specular 
iron-ore. 

Numerous  fine-grained  sandstones,  particularly  among  those  of 
Triassic  Age,  are  composed  of  quartz  grains  so  completely  rounded 
as,  under  the  microscope,  to  resemble  well-worn  pebbles.  These 
"  millet-seed"  sandstones  are  often  coloured  either  red  or  brown 
by  variously  hydrated  oxides  of  iron  ;  and  in  some  cases  minute, 
perfectly  formed,  and  beautifully  transparent  crystals  of  quartz  have 
been  developed  upon  their  surfaces. 

On  attacking  the  sand  of  such  sandstones  with  hydrochloric  acid, 
the  oxide  of  iron  is  easily  removed,  but  the  crystals  of  quartz  still 
remain  firmly  attached  to  the  surface  of  the  grains  upon  which  they 
have  grown.  It  would  also  appear  that  crystals  have  been  formed 
upon  those  parts  only  of  the  grains  which,  having  been  free  from  a 
coating  of  oxide  of  iron  and  from  every  other  extraneous  material, 
have  admitted  of  direct  chemical  contact  between  the  silica  of  the 
rounded  quartz  and  that  of  the  subsequently  formed  crystals  f. 

In  addition  to  silica  in  the  form  of  perfect  crystals  of  quartz,  that 
substance  has  often  been  deposited  in  such  a  way  as  to  fill  cavities 
existing  between  the  original  grains  of  sand. 

As  this  silica  has  frequently  been  thrown  down  upon  a  thin  deposit 
of  ferric  hydrate,  it  is  generally  detached  by  prolonged  digestion 
in  hydrochloric  acid,  by  which  the  intervening  ferruginous  coating  of 
the  grains  is  ultimately  removed.  When  such  a  deposit  of  silica 
adheres  to  only  one  of  the  adjoining  grains  it  may  give  rise  to  a  de- 

pression upon  its  surface  of  the  kind  represented  in  fig.  4,  PI.  II. 
On  examining  a  considerable  number  of  modern  sands,  none  of 

them,  excepting  such  as  had  long  been  subjected  to  the  wearing 
effects  of  wind  action,  were  found  to  resemble  those  of  the  millet - 
seed  sandstones  in  having  all  their  grains  reduced  to  a  pebble-like 
form.  Among  these  the  grains  of  blown  desert-sands  most  com- 

pletely resemble  those  of  millet-seed  sandstones. 

*  Geologie  Experimental?,  pp.  226-230. 
t  With  regard  to  the  Torridon  Sandstones  of  the  Central  Highlands  it  has 

been  observed  by  Professor  Bonney  that  wherever  "dirt"  has  been  deposited 
npon  the  siliceous  grains  their  agglutination  has  been  prevented  (Quart.  Journ. 
Geol.  Soc.  vol.  xxxvi.  p.  106). 
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Tho  above  facts  would  appear  to  render  it  probable  that  the 
rounded  grains  of  these  sandstones  may  bo  of  seolian  origin,  and 
that,  during  certain  periods  of  Triassic  time,  desert  areas  with  blown 
sands  extensively  prevailed  in  this  country. 

Mr.  De  Ranee  has  observed  that  the  millet-seed  beds  are  usually 
free  from  pebbles,  shale-beds,  pseudomorphs  after  common  salt,  and 
from  all  traces  of  life* — conditions  which  are  characteristic  of  de- 

posits produced  by  wind- currents. 
The  granules  of  brown  iron-ore  which  are  so  plentiful  in  the 

"  Carstones  "  of  Hunstanton  are  pisolitic  grains,  and  not  fragments 
of  that  mineral  rounded  by  attrition. 

An  instructive  example  of  the  occurrence  at  the  same  time  of 
rounded  and  angular  grains  is  met  with  in  the  Interglacial  sands  of 
Flintshire,  where  some  of  the  pebbles  are  fragments  of  a  millet- 
seed  sandstone,  while  many  of  the  smaller  particles  are  grains 
detached  from  the  same  rock.  . 

EXPLANATION  OF  PLATES  I.  &  II. 

Plate  I. 

Magnified  18  diameters. 
Fig,  1.  Group  of  felspar  crystals  in  Cambrian  Grit.   Polarized  light:  p.  7. 

2.  Grit  from  Ladock,  Cornwall,  enclosing  a  fragment  of  a  volcanic  rock. 
Polarized  light :  p.  10. 

Plate  II. 

Magnified  100  diameters. 
Figs.  1,  2,  3,  &  5.  Crystals  of  quartz  deposited  upon  rounded  grains  of  the  same 

mineral  in  Bunter  Sandstone  :  p.  13. 
4.  Depression  in  a  grain  of  quartz  from  the  same  sandstone. 
6.  Corroded  grain  of  felspar  from  the  same. 
7.  Rounded  grain  of  quartz  with  attached  crystal  of  iron  pyrites. 

Discussion. 

The  President  expressed  his  sense  of  the  value  of  Mr.  Phillips's communication. 
Dr.  Sorby  expressed  his  agreement  with  the  paper,  to  which  he 

had  listened  with  great  interest,  especially  as  the  author  had  ap- 
proached the  subject  from  a  point  of  view  somewhat  different  from 

his  own.  He  was  especially  glad  to  find  that  his  opinions  were 
confirmed  by  the  author,  especially  as  to  the  crystals  of  quartz  in 
certain  sandstones.  The  observations  as  to  the  time  required  to  wear 
down  a  grain  of  sand  were  especially  valuable-  He  had  found  the 
drift  sands  of  the  Yorkshire  coast  almost  all  angular  ;  but  then  those 
examined  by  Mr.  Phillips  were  from  another  locality,  which  might 
explain  the  difference  in  their  observations.  He  should  only  regard 
sand  as  aeolian  when  a  very  large  proportion  of  grains  were  rounded. 

*  "Further  Notes  of  Triassic  Borings  near  Warrington,"  read  before  the Manchester  Geol.  Soc.  June  29th,  1880. 
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So  far  as  his  observation  had  gone,  the  sands  of  the  dunes  on  our 
coasts  were  not  much  more  rounded  than  other  sands. 

Dr.  Hicks  said  that  the  condition  of  the  Barmouth  Grit  led  him  to 
think  that  the  materials  had  not  drifted  from  far.  He  had  also 
observed  that  there  was  a  large  proportion  of  rounded  grains  in 
the  Stiper  Stones ;  were  we  to  suppose  these  to  be  blown  sands  ? 
Rounded  grains  were  still  more  common  in  the  quartzites  of  the 

]S".W.  of  Scotland  ;  we  must  believe  therefore  that  there  was,  still 
remaining  at  the  time  they  were  deposited,  an  adjoining  great  land- 
area  or  the  materials  from  one  not  far  away. 

Mr.  De  Bance  said  that  the  Keuper  beds  under  the  Marls  were 
now  divided  into  the  Water-stones,  soft  current-bedded  sandstones 
called  Erodsham  beds  (which  denoted  entirely  different  physical 
conditions  and  contained  the  millet-seed  grains),  and  then  the  Lower 
Keuper  building-stone  (Labyrinthodoii-be&s).  Then  came  a  line  of 
erosion.  In  the  Bunter  series  were  the  Upper  Mottled  Sandstones 
(with  the  millet-seed  grains),  then  the  Pebble  Beds  (which  had  a 
different  kind  of  current-bedding  from  that  of  the  Erodsham  beds), 
then  another  line  of  erosion  and  the  Lower  Mottled  Sandstone  with 

millet-seed  grains  again.  The  bedding  of  the  sandhills  of  Lanca- 
shire much  resembled  that  of  the  Erodsham  and  other  millet-seed 

beds  in  their  high  angle  and  rapid  change. 
Mr.  Rtjtlet  said  he  had  examined  eruptive  rocks  rather  than 

sedimentary,  but  could  not  but  express  his  gratification  at  the 
agreement  between  two  such  observers  as  Dr.  Sorby  and  Mr. 
Phillips.  He  called  attention  to  the  presence  of  felspar  in  many  of 
the  sandstones  described,  and  suggested  that  it  was  possible  for 
such  sandstones  to  be  changed  into  f els  tone.  There  was  often 
much  difficulty  in  distinguishing  between  the  finer-grained  igneous 
and  sedimentary  rocks.  He  also  called  attention  to  the  develop- 

ment of  microcrystalline  structure  in  felspar  crystals. 
Mr.  Blanfoed  said  that  some  years  ago  he  had  examined  the 

Indian  desert,  and  found  the  grains  of  sand  well  rounded.  They 
were  mostly  of  quartz,  with  a  few  of  felspar  and  occasionally  of 
hornblende.  The  strongest  wind  there  blows  from  the  west ;  the 
sands  had  come  from  the  coast  and  the  river  Indus ;  and  the  sand 
in  the  bed  of  the  river  was  also  rounded.  The  blown  sand  ap- 

peared unstratified. 
Mr.  Phillips  said  that  the  grains  of  millet-seed  sandstone  were 

much  more  rounded  than  was  usual  in  sea-sand.  He  thought  the 
rounding  of  felspar  was  often  due  to  disintegration  by  decomposition. 

With  regard  to  Mr.  Blan ford's  remarks,  he  could  only  say  that  he 
believed  the  grains  of  all  the  desert-sands  which  had  been  yet 
examined  had  been  found  to  be  much  rounded. 
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3.  Interglacial  Deposits  of  West  Cumberland  and  North  Lanca- 
shire. By  J.  D.  Kendall,  Esq.,  C.E.,  E.G.S.  (Read  Novem- 

ber 17, 1880.) 
[Plate  III.] 
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1.  Introduction. 

The  glacial  deposits  of  these  districts  are  capable  of  a  threefold 
division,  as  below  : — 

1.  Boulder-clay  (Upper). 
2.  Sand,  Grravel,  and  Clay. 
3.  Boulder-clay  (Lower). 

Seldom  do  we  find  the  whole  three  members  present  in  one 
section.  Sometimes  the  Lower  Boulder-clay  alone  is  found;  at 
others  this  is  overlain  by  sand  or  gravel  or  clay,  or  by  some  or  all 
of  these  rocks.  In  other  cases  we  find  the  series  complete.  They 
occur  almost  continuously,  in  more  or  less  completeness,  from  the 
sea-shore  to  an  altitude  of  500  feet ;  and  from  that  level  they  appear 
in  patches  up  to  1000  feet  above  the  sea. 

The  two  Boulder- clays  have  the  ordinary  character,  and  are  very 
much  alike,  except  that  the  lower  is  tougher  than  the  upper  and 
contains  larger  boulders.  The  character  of  the  included  stones  is 
the  same  in  both  clays,  as  well  as  in  the  middle  sands  and  gravel. 
Some  most  remarkable  facts  are  presented  by  the  distribution  of 
these  boulders*. 

Associated  with  these  glacial  beds,  and  occurring  at  various 
places,  sometimes  inland,  sometimes  along  the  sea-coast,  between 
high-  and  low-water  marks,  there  are  a  number  of  deposits  of  vege- 

table matter,  which  hitherto  have  been  almost  entirely  neglected  by 
geologists. 

When  occurring  on  the  sea-shore,  these  deposits  usually  pass 
by  the  name  of  "  submerged  forests."  I  am,  however,  inclined 
to  doubt  the  accuracy  of  this  appellation.  After  a  long  and  careful 
investigation  into  the  nature  of  these  deposits,  I  have  come  to  the 
conclusion  that  they  are  not  forests  at  all,  nor  the  sites  of  forests, 
as  will  appear  further  on. 

*  "  On  the  Distribution  of  Boulders  in  West  Cumberland,  by  J.  D.  Kendall, 
C.E.,  F.G.S.,"  vol.  v.  Trans.  Cumberland  Assoc.  for  the  Advancement  of  Lit. and  Science. 
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2.  Observed  Facts. 

Lindal  deposit. — The  first  of  these  deposits  to  which  I  shall  refer 
has  already  been  dealt  with  by  two  other  writers : — 

First,  in  vol.  xviii.  p.  274  of  the  Quarterly  Journal,  in  a  short  paper 

by  the  late  Mr.  John  Bolton,  "  On  a  Deposit  with  Insects,  Leaves, 
&c." ;  secondly,  in  vol.  xix.  p.  19  of  the  same  Journal,  in  a  paper 
by  the  late  Miss  Hodgson. 

A  comparison  of  these  papers  will  show  that  the  writers  differed 
seriously  about  the  facts  with  which  they  dealt.  It  is  therefore  not 
surprising  that  they  arrived  at  very  different  conclusions. 

Owing  to  this  discrepancy,  I  have  been  at  some  pains  to  ascertain 
the  facts  accurately ;  and  I  give  them  below. 

The  position  of  the  deposit  referred  to  by  the  above  writers  is  shown 
on  the  map  (Plate  III.  fig.  1).  It  occurs  near  Lindal  in  Furness.  In 
figs.  2-4  a  plan  and  two  sections  of  the  deposit  are  given.  The  data 
from  which  these  sections  were  prepared  are  given  below ;  they 
were  obtained  by  a  number  of  shafts  and  boreholes  put  down  by 
the  Ulverston  Mining  Company  in  search  of  haematite.  The  posi- 

tions of  the  boreholes  are  shown  in  the  plan  and  sections. 

Sections  of  Boreholes. 
(Explanation  of  local  terms  used  : — Pinel  =  Boulder-clay  ;  Black  muck*  = 

Vegetable  deposit.) 

Borehole  No.  41. 
Thickness  Depth 

of  each  from 
stratum.  surface, 
ft.  in.  ft.  in. 

Surface-soil                                             2    0  2  0 
Grey  pinel                                            6G    0  08  0 
Limestone                                            29    0  97  0 

Borehole  No.  42. 
Surface-soil    10  10 
Blue  clay    3    0  4  0 
Gravel  and  stones   20    0        24  0 

Borehole  JNTo.  43. 
Surface-soil   1  0  1  0 
Gravel   10  2  0 
Blue  clay   1  6  3  6 
Pinel  (blue)   4  0  7  6 
Gravel  =   9  0  16  6 
Gravelly  pinel   10  0  26  6 
Black  muck  (woody)    5  o  31  6 
Blue  sand    4  0  35  6 
Grey  pinel   5  0  40  6 
Limestone    2  0  42  6 
Grey  pinel   10  0  52  6 
Jointy  limestone    28  0  80  6 

*  The  use  of  the  term  "Black  muck"  is  here  clearly  wrong,  but  quite  a 
pardonable  mistake  for  a  borer  to  make.  "Black  muck,"  as  that  term  is 
usually  understood  in  Furness,  does  not  contain  any  vegetable  matter. 
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Borehole  Xo.  44. 
Thickness  Depth 
of  each  from, 
stratum.  surface. 

ft.  in.  ft,  in. 
Surface-soil    10  10 
Bluish  clay    3  0  4  0 
Gravel   18  0  22  0 
Elue  stone    1  6  23  6 
Red  pinel    6  0  29  6 
Greypinel   9  0  38  6 
Black  muck  (woody)    7  o  45  6 
Blue  sand    3  0  48  6 
Yellow  clay    3  0  53  6 
Grey  pinel     3  0  54  6 
Reddish  pinel  with  limestone    8  0  62  6 
Red  clay   4  0  66  6 
Limestone    22  0  88  6 
Yellow  clay    3  0  91  6 

Borehole  ISTo.  45. 
Surface-soil    10  10 
Gravel   22  0  23  0 
Greypinel...   14  0  37  0 
Black  muck  (woody)   20  o  57  o 
Blue  sand    7  0  64  0 
Greypinel..   7  0  71  0 
Dark  clay    10  0  81  0 
Limestone   20  0  101  0 

Borehole  No.  51. 
Surface-soil  ,   2  0  2  0 
Red  pinel    13  0  15  0 
Greypinel   43  0  58  0 
Black  muck    5  o  63  o 
Blue  clay    2  0  65  0 
Yellow  gossan   ,   1  0  66  0 
Red  pinel    9  0  75  0 
Iron-ore    0  8  75  8 
Dark  pinel   2  0  77  8 
Limestone   10  6  88  2 

Borehole  No.  52. 
Surface-soil    2  0  2  0 
Red  pinel    30  0  32  0 
Greypinel   36  0  68  0 
Red  pinel   9  0  77  0 
Limestone    10  0  87  0 

Borehole  No.  58. 
Surface-soil    1  0  1  0 
Greypinel   81  0  82  0 
Blue  pinel    4  0  86  0 
Black  muck  (woody)   24  o  no  o 
Blue  sand    2  0  112  0 
Red  pinel    3  0  115  0 
Red  pinel  and  limestone    5  0  120  0 
Iron  ore  and  stones    2  0  122  0 
Limestone    0  10  122  W 
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Borehole  No.  59. 
Thickness  Depth 

of  each  from 
stratum.  surface, 
ft.  in.  ft.  in. 

Surface-soil                                              2    0  2  0 
Grey  pinel                                               70    0  72  0 
Black  muck  (woody)                                   I    o  73  o 
Blue  sand                                                2    0  75  0 
Black  muck  (woody)...                             11    o  86  o 
Blue  sand                                                4    0  90  0 
Bed  pinel                                                4    0  94  0 
Limestone                                                9    0  103  0 

Borehole  No.  60. 

Surface-soil    10  10 
Bed  pinel    30  0  31  0 
Grey  pinel   43  0  74  0 
Black  muck  (wood y)   12  o  86  o 
Blue  sand    2  0  88  0 
Yellowish  clay    2  0  90  0 
Broken  ground  (dragged  by  workings)..  22  0  112  0 
Limestone    4  0  116  0 

Borehole  No.  61. 

Surface-soil    10  10 
Grey  pinel   69  0  70  0 
Yellow  pinel   2  0  72  0 
Grey  pinel   6  0  78  0 
Black  muck    9  3  87  3 
Blue  clay  (sandy)    3  0  90  3 
Limestone    0  8  90  11 
Bed  pinel   3  0  93  11 
Limestone    1  0  94  11 

Borehole  No.  62. 

Surface-soil    10  10 
Grey  pinel   88  0  89  0 
Black  muck  (woody)   11  o  100  o 
Blue  clay    2  0  102  0 
Yellow  sand    6  0  108  0 
Bed  pinel  (with  ore)   4  0  112  0 
Soft  stone  (with  ore)    3  0  115  0 
Limestone  with  clay  joints    21  0  136  0 

Borehole  No.  63. 

Surface-soil    10  10 
Grey  pinel   87  0  88  0 
Black  muck  (woody)   10  o  980 
Blue  clay    3  0  101  0 
Bed  pinel  (with  ore)    4  0  105  0 
Bed  pinel  (with  stone)   8  0  113  0 
Limestone   8  0  121  0 
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Borehole  Xo.  64. 
Thickness  Depth 
of  each  from 
stratum,  surface. 
ft. in. 

ft. 
in. 

1 0 1 0 
Grey  pinel  

92 
0 

93 
0 

Black  muck  (woody)  
20 

o o 
o 0 115 0 
9 0 124 0 
0 

11 
124 

11 

0 8 
125 

7 
1 3 126 L0 
0 8 

127 

6 

»> 

a o lOU n 

\  t 

20 0 
150 

0 

Borehole  jNo.  65. 
1 0 1 0 

99 0 
100 

0 

20 
o 120 o 

2 0 122 0 
3 0 125 0 
3 0 

128 
0 

Borehole  1ST o.  66. 
1 0 1 0 

96 0 

97 

0 
1 0 

98 
0 

18 

o 116 o 
o 0 

118 
0 

6 0 124 0 
1 6 125 6 

The  pinel  or  Boulder-clay  overlying  the  Black  muck  or  vegetable 
matter  in  the  above  sections  is  the  Upper  Boulder- clay,  having  a 
greyish  and  ochrey  matrix,  and  containing  numerous  boulders,  some 
as  much  as  2'  0"  x  1'  3"  x  1'  3";  bat  the  majority  are  below  3"  in 
diameter.  Coniston  grits  and  nags,  from  the  adjacent  highlands, 
are  the  principal  rocks  represented.  Besides  these,  however,  there 
are  St.-Bees  Sandstone,  Eskdale  granite,  Carboniferous  Limestone,  &c. 

The  extent  of  the  deposit  has  not  yet  been  proved  in  either  a  N.E. 
or  S.W.  direction,  as  shown  on  the  section  AB  (fig.  3).  So  far  as  is 
at  present  known,  it  covers  an  area  of  about  34  acres. 

For  a  list  of  the  plants  &c.  found  in  this  deposit,  the  two  papers 
above  referred  to  should  be  consulted,  as  I  had  only  an  opportunity 
of  seeing  some  of  the  vegetable  deposit  as  it  came  out  of  the  bore- 

holes. It  was  then  too  much  broken  up  to  enable  me  to  identify 
any  of  the  plants. 

Crossgates  Deposits. — Several  deposits  similar  to  that  at  Linclal 
have  been  met  with  at  Crossgates,  in  working  the  haematite-mines. 
In  some  cases  they  were  covered  up  by  9  or  10  fathoms  of  Boulder- 
clay  ;  and  they  invariably  rested  on  clay.  I  have  seen  a  large 
quantity  of  the  woody  matter  which  came  from  some  of  these  de- 

Q.J.G.  S.  No.  145.  d 
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posits  ;  but  do  correct  information  has  been  preserved  as  to  their  ex- 
tent and  thickness.  Accumulations  of  similar  material  have  been 

met  with  in  the  solid  rock,  as  shown  in  the  following  section : — 

Section  obtained  by  Boring  at  Crossgates. Thickness  Depth 
of  each  from 
stratum.  surface. 
ft  in.  ft.  m. 

SoH   2    0         2  0 
Gravel  and  clay   24    0  26  0 
Decomposed  limestone   17    0  43  0 
Yellow  clay  mixed  with  iron-ore   4    0  47  0 
Black  muck    4   o  51  o 
Iron -ore  (dark-coloured)   2    0  53  0 
Black  muck  mixed  with  iron-ore   60  5q  o 
Iron-ore   8    0  67  0 
Decomposed  limestone   7    0  74  0 
Black  woody  deposit   12    o  86  o 
Decomposed  limestone   6    0  92  0 
Black  mould  and  wood   20         94  0 
Yellow  clay  mixed  with  iron-ore   16    0  110  0 
Black  mould  mixed  with  iron-ore   10    o  120  o 
Black  mould   ,   4    o  124  o 
Black  mould  mixed  with  iron-ore  and 
limestone   3    0  127  o 

Wabney  Deposit. — On  the  western  shore  of  the  island  of  Walney, 
and  about  a  mile  south  of  the  village  of  Biggar  (fig.  1),  there  is  a 
vegetable  deposit,  in  many  respects  like  that  at  Lindal ;  but  not 
much  of  it  is  exposed.  A  plan  and  two  sections  of  it  are  given  in 
figs.  5-7. 

The  deposit  rests  on  Boulder-clay  certainly ;  but  I  have  not  been 
able  to  prove  that  it  is  overlain  by  the  same  formation.  Still  I 
think  there  is  very  little  doubt  about  it  when  we  look  at  the  sec- 

tions, and  w.ien  we  know  that  the  shore  is  travelling  rapidly  land- 
wards. On  the  occasion  of  my  visit  I  had  not  time  to  make  any 

observations  on  the  inner  nature  of  the  deposit  with  the  view  of 
determining  the  different  kinds  of  plants  enclosed  in  it ;  but  I  may 
state  that,  externally,  it  is  very  much  like  other  deposits  that  I  shall 
describe  more  in  detail  further  on. 

Bring  Deposit. — On  the  shore  opposite  Drigg  (Plate  III.  fig.  1). 
there  is  another  woody  deposit.  A  plan  and  several  sections  of  it 
are  given  vi  figs.  8-11.  In  one  part  of  it  I  sunk  a  shaft,  as  shown 
on  the  plan.    A  section  of  this  shaft  is  given  below. 
A.  Vegetable  matter  (brown)  and  grey  sand  in  alternating  layers  of  various 

thicknesses,  the  vegetable  matter  predominating.  I  found  in  it  the  elytra 
of  beetles,  acorns,  oak-leaves,  hazel-wood,  alder-wood  and  leaves,  stems 
of  common  bracken,  pieces  of  Sphagnum,  seeds  of  various  kinds  and  sizes, 
and  rush-like  stems  and  leaves,  the  stems  standing  on  end  and  crumpled 
endwise,  as  if  by  downward  pressure,  the  leaves  lying  on  their  side.  The  fol- 

lowing diatoms  were  found  in  this  bed : — Cyclotella  minutula,  Pinnularia 
viridis,  Pinmclaria  oblonga,  Gomphonema  acuminatum,  Himanticlium  bidew, 
Himantidium  pectinate . 

B.  Yellow  and  brown  sandy  clay  in  irregular  layers. 
C.  Blue  sandy  clay. 
D.  Bed  and  blue  sandy  clay,  the  last  12  inches  redder  and  more  clayey. 
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Some  of  the  pieces  of  wood  in  A.  were  as  much  as  12  inches  in 

diameter,  but  all  lying'  on  their  side  and  partly  flattened  as  if  by 
pressure. 

Here,  as  at  Walney,  we  find  Boulder-clay  under  the  deposit,  but 
we  have  no  direct  proof  of  its  having  been  overlain  by  that  forma- 
tion. 

St.-Bees  Deposit. — A  few  miles  further  north  than  Drigg,  along 
the  coast,  opposite  St.  Bees  (Plate  III.  fig.  1),  there  is  another 
deposit,  which  I  have  examined  more  minutely  than  any  of  the 
others.  A  plan  and  two  sections  of  it  are  given  in  figs.  12-14. 
In  this  deposit  I  have  sunk  several  shafts  and  boreholes,  sections 
of  two  of  which  (Nos.  1  &  S)  I  give  below. 

Shaft  No.  1. 

A.  Vegetable  matter  (brown)  and  grey  sand  in  layers  of  different  thicknesses. 
The  vegetable  matter  contains  seeds  of  various  sizes,  leaves  and  stems 
of  rush-like  plants,  hazel-nuts,  leaves  and  wood  of  the  oak,  alder,  and 
hazel.  The  rush-like  stems  are  numerous,  and  vary  in  length  from  1 
to  3  inches ;  they  are  standing  erect,  and  crumpled  endwise,  like  those 
found  at  Drigg.  The  following  diatoms  hare  been  found  in  this  layer  : — 
Epithemia  turgida,  Epithemia  granulata,  Epithemia  proboscidia,  Pinmc- 
lar'ta  acuta.  A  vertebral  column  about  the  size  of  that  of  a  rat  was  also found  in  this  bed. 

B.  Grev  sandy  clay  containing  a  few  rush-like  leaves  and  the  elytra  of beetles. 
C.  Hazel-wood,  nuts,  and  leaves,  also  leaves  of  the  oak,  beech,  and  alder. 
D.  Similar  to  A,  but  containing  more  leaves  and  hazel-nuts. 

(Boulder-clay.) 

Shaft  jSTo.  8. 

A.  Vegetable  matter  (brown),  containing  wood  and  leaves  of  the  same  kinds 
as  those  found  in  the  same  bed  in  Shaft  Xo.  1 . 

B.  Fine  blue  clay  with  rush-like  stems  standing  upright,  and  the  elytra  of beetles. 
C.  Vegetable  matter  consisting  almost  entirely  of  leaves  of  the  oak,  alder,  and 

willow,  and  hazel  and  alder  wood. 
D.  Brown  sand  and  vegetable  matter  with  some  rush-like  stems  standing  up- 

right and  crumpled. 

On  the  surface  of  the  deposit  there  are  a  considerable  number  of 
stems  of  oak  and  alder,  the  former  turned  black  and  the  latter 
pink ;  some  of  them  are  as  much  as  12  and  IS  inches  in  diameter. 
I  also  found  a  large  piece  of  the  stem  of  a  coniferous  plant  about 
18  inches  in  diameter.  Under  the  microscope  it  was  like  the  yew. 
These  stems  and  branches  all  lie  on  their  sides.  In  several  parts  of 
the  deposit  there  are  root-stocks  of  oak  and  alder  with  about  12 
inches  of  stem  standing,  as  though  they  had  grown  where  we  see 
them  :  the  rootlets,  however,  are  imbedded  only  in  vegetable  matter ; 
they  do  not  extend  into  the  underlying  earth. 

IS,  ear  the  upper  edge  of  the  shingle,  on  the  beach,  two  boreholes 
were  put  down  for  the  purpose  of  proving  whether  or  not  the  vege- 

table deposit  extended  so  far  inland.  One  of  these  boreholes  is 
shown  in  the  section  A  B,  fig.  13.  The  particulars  of  it  were  as 
follows : — 

d2 
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Borehole  No.  2. 
Thickness Depth from of  each 

1.  Shingle   
2.  Sand  and  gravel  
3.  Vegetable  matter   . . 
4.  Boulder-clay  (grey) 

stratum, 
ft.  in. 
1  6 
1  6 
8  6 
0  6 

surface, 
ft.  in. 
I  6 
3  0 11  6 
12  0 

The  vegetable  matter  (No.  3)  in  this  section  was  very  soft  and 
spongy,  easily  pierced  by  the  boring-tool,  and  quite  unlike  that  found 
in  any  of  the  pits  or  bores  made  on  the  shore,  which  was  particularly 
difficult  to  bore  through ;  in  fact  No.  3  is  more  like  the  soft  peaty 
deposit  which  occupies  the  flat  ground  in  St.-Bees  valley.  Two 
years  ago  a  great  length  of  drains  was  cut  in  this  peaty  matter ; 
and  I  had  then  a  good  opportunity  of  ascertaining  the  nature  of  it. 
It,  however,  was  nothing  like  the  vegetable  matter  which  occurs  on 
the  shore,  being  much  more  spongy,  and  containing  a  far  larger 
quantity  of  water,  and  altogether  having  more  the  appearance  of  peat, 
which  in  fact  it  is.  The  vegetable  matter  on  the  beach  contains  very 
little,  or  almost  no  water,  notwithstanding  that  it  is  covered  twice 
every  day  by  the  tide.  Another  difference  between  the  two  deposits 
is  that  the  one  on  the  shore  is  quite  laminated,  whilst  that  in  the 
valley  is  totally  devoid  of  lamination.  About  eighteen  months  ago 
Pow  Beck,  during  a  freshet,  diverted  its  course  just  where  it  passes 
on  to  the  shingle  of  the  beach  (see  Section  A  B,  fig.  13).  In  the 
new  course  a  large  patch  of  peaty  matter,  similar  to  that  in  the 
valley,  was  exposed.  After  seeing  that,  I  had  no  doubt  whatever 
that  the  vegetable  matter  found  in  borehole  No.  2  was  the  same,  and 
not  at  all  like  that  found  on  the  shore. 

Maryport  Deposit. — About  halfway  between  Allonby  and  Mary- 
port,  and  about  one  third  of  the  range  of  the  tide  from  low-water 
mark  (PI.  III.  fig.  1),  there  is  another  vegetable  deposit ;  but  it 
is  not  very  well  exposed. 

I  have  not  dug  through  this  deposit,  and  therefore  cannot  say 
what  is  below  it ;  and  the  soft  silt,  which  covers  the  shore  in 
the  neighbourhood,  prevents  any  information  on  that  head  being 
obtained.  It  has  the  same  external  appearance  as  all  the  other 
deposits,  besides  being  laminated  and  very  much  more  compact  than 
peat.  It  contains  a  large  number  of  seeds  about  the  size  of  gun- 

shot, and  a  quantity  of  rush-like  leaves,  as  well  as  pieces  of  hazel 
and  alder  wood.  The  wood  is  in  every  case  flattened  as  if  by 
pressure. 

There  is  another  and  similar  deposit  about  a  quarter  of  a  mile 
further  on  the  shore  towards  Allonby ;  but  only  the  upper  surface  of 
it  can  be  seen.  Near  Beckfoot,  I  am  told,  there  is  another ;  but  that 
I  have  not  yet  visited;  nor  have  I  seen  one  which  occurs  at  Cardunock, 
on  the  Sol  way. 

All  the  deposits  described,  whether  on  the  sea-shore  or  inland, 
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have  the  same  compact  nature,  and,  so  far  as  I  havo  been  able  to 
ascertain,  contain  the  same  kind  of  plants. 

3.  Deductions. 

So  little  was  known  of  the  extent  of  the  Lindal  deposit  at  the  time 
Mr.  Bolton  and  Miss  Hodgson  wrote,  that  its  real  geological  import- 

ance was  missed.  "We  now  see  that  it  is  overlain  by  an  immense 
mass  of  Boulder-clay,  in  some  places  nearly  100  feet  thick ;  it  is 
also  underlain  by  Boulder-clay ;  so  that  I  think  we  may  fairly  say  it 
is  interglacial.  The  impossibility  of  its  being  a  recent  introduction, 
carried  down  by  means  of  swallow-holes,  as  suggested  by  Miss 
Hodgson,  must  be  apparent  to  every  one  now  that  we  know  more 
of  its  extent  and  real  nature. 
We  may  ascribe  a  like  (that  is,  interglacial)  age  to  the  deposits 

at  Crossgates.  The  deposits  in  solid  rock  were,  I  believe,  thrown 
down  in  preexisting  cavities  in  the  Limestone  at  the  same  time  as 
the  deposits  immediately  below  the  Boulder-clay. 

The  shore-deposits,  so-called  submerged  forests,  I  think  are  also 
of  the  same  age.  We  are  not  able  to  prove  it  so  directly  as  in  the 
case  of  the  other  deposits ;  but  I  think  that  a  careful  consideration  of 
all  the  facts  must  lead  any  one  to  the  conclusion  that  they  are 
interglacial.  The  fact  upon  which  I  most  rely  is  their  compact 
nature,  which,  to  me,  speaks  most  forcibly  of  their  having  been 
subjected  to  great  pressure,  such  as  would  be  the  case  if  they  had 
been  overlain  by  the  upper  glacial  beds.  They  are  altogether  unlike 
the  spongy  peat  which  occurs  in  St.-Bees  valley,  and  quite  as  unlike 
any  of  the  vegetable  deposit  s  which  usually  go  by  the  name  of  peat, 
although  many  of  the  species  of  plants  found  in  the  shore-deposits  are 
common  to  peaty  accumulations. 

These  shore-deposits  all  rest  on  the  Lower  Boulder-clay,  a  fact 
which  is  somewhat  remarkable  if  they  are  of  postglacial  age.  Why 
should  we  not  find  some  of  them  on  the  Upper  Boulder-clay  ? 
Besides,  how  can  it  be  for  a  moment  doubted  that  the  Walney 
deposit  extends  below  the  Boulder-clay,  although  this  has  not  been 
directly  proved.  .Referring  to  Plate  III.  figs.  6  &  7,  we  see  that  the 
deposit  dips  towards  the  land,  and  that  it  is  only  about  50  feet  from 
high-water  mark,  where  we  have  the  Upper  Boulder-clay.  When  to 
these  facts  we  add  that  the  shore  is  travelling  rapidly  inland,  it  seems 
to  me  we  are  bound  to  admit  the  Interglacial  age  of  the  deposit. 

Usually  these  deposits  on  the  sea-shore  pass  by  the  name  of 
"  submerged  forests but  the  conclusion  to  which  I  am  led  is,  as 
already  stated,  that  they  are  not  forests  at  all,  nor  the  sites  of 
forests,  but  that  the  vegetable  matter  has  been  accumulated  under 

water.  All  the  facts  but  one  point  in  this  "direction  :  the  Diatoms, 
the  rush-like  stems  and  leaves  (probably  of  a  species  of  Sparganium), 
and  the  interbedded  layers  of  sand,  all  speak  of  watery  conditions ; 
the  only  fact  which  seems  to  me  to  indicate  in  any  way  that  these 
deposits  are  the  remains  of  ancient  forests  that  grew  on  the  spot,  is 
the  occurrence  in  them  of  a  few  root-stocks  in  their  normal  position. 
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But,  as  I  have  already  pointed  out,  the  rootlets  from  these  stocks  do 
not  pass  down  into  the  underlying  Boulder-clay,  but  are  simply 
imbedded  in  the  neighbouring  woody  matter.  Some  of  these  root- 
stocks  belong  to  trees  which  must  have  been  at  least  18  inches  in 
diameter ;  so  that  if  such  trees  could  have  derived  their  necessary 
nourishment  from  a  woody  soil  of  this  kind,  it  is  perfectly  certain 
they  would  not  have  been  able  to  stand  in  it,  because  there  would 
be  nothing  of  any  weight  or  tenacity  for  the  roots  to  lay  hold  of. 
The  presence  of  such  root-stocks,  it  seems  to  me,  may  bo  better 
explained  by  supposing  them  to  have  been  floated  to  the  positions 
in  which  we  see  them.  The  position  in  which  they  now  stand  is 
that  of  notation ;  that  is  to  say,  a  root-stock  would  be  floated  and 
dropped  in  water  with  the  same  side  up  as  when  it  was  growing. 

The  inner  nature  of  the  shore-deposits  being  precisely  the  same 
as  that  of  the  cavernous  deposits  found  at  Crossgates  is  also  sug- 

gestive of  drifting  ;  for  clearly  the  latter  are  not  on  the  site  of  an 
ancient  forest,  but  have  been  carried  to  their  present  resting-place 
by  water. 

The  facts  presented  by  these  deposits  seem  to  me  to  have  a  most 
important  bearing  on  the  question  of  the  formation  of  coal.  We 
have  here  similar  underclays  to  those  which  accompany  coal-seams, 
and  the  same  kind  of  intercalated  clay-bands,  both  of  which,  in  the 
case  of  coal,  suggest  watery  conditions  just  as  much  as  they  do  in 
the  deposits  under  consideration.  I  think  it  is  just  as  impossible 
that  trees  can  have  grown  in  the  underclays  of  coal,  which  at  the 
time  would  be  soft  and  incoherent,  as  that  they  can  have  stood  in 

the  woody  matter  of  the  so-called  "  submerged  forests."  The  Stig- 
maria  rootlets  of  the  coal  may  be  accounted  for  in  the  same  manner 
as  the  root-stocks  which  are  found  in  vegetable  deposits  like  that  at 
St.  Bees.  The  trees  which  have  been  found  rising  out  of  coal-seams 
and  passing  into  the  overlying  strata,  may  be  explained  by  supposing 
them  to  have  been  so  loaded  at  the  root  when  they  were  deposited 
that  their  position  of  flotation  was  erect.  In  this  way  the  whole 
Coal-measures  may  have  been  deposited  during  a  gradual  subsidence 
without  any  of  the  periods  of  cessation  demanded  by  those  who  hold 
that  coal-seams  are  the  remains  of  forests  which  grew  in  situ* 

On  the  assumption  that  the  shore-deposits  are  "  submerged  forests  * 
of  recent  age,  it  has  been  often  held  that  they  indicate  a  subsidence 
of  the  coast ;  and  writers,  in  consequence,  have  had  to  make  the  land 
rise  and  fall  in  a  very  remarkable  and  erratic  manner,  when  dealing 
with  the  phenomena  of  "raised  beaches"  on  the  one  hand  and 
"  submerged  forests  "  on  the  other.  The  view  just  enunciated  sim- 

plifies matters  very  considerably,  as,  according  to  that,  the  vegetable 
deposits  on  the  shore  do  not  necessarily  indicate  either  a  rise  or  a 
fall  of  the  land  in  recent  times. 
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EXPLANATION  OF  PLATE  III. 

Plans  and  Sections  illustrating  the  Interglacial  Deposits  of  West  Cumberland and  North  Lancashire. 

Fig.  1.  Map  of  the  district,  showing  the  positions  in  which  deposits  of  woody 
matter  have  been  found. 

Figs.  2-4.  Map  and  sections  in  the  Lindal  District. 
5-7.  Plan  and  sections  of  the  Walney  Deposit. 
8-11.  Plan  and  sections  of  Deposit  on  shore  opposite  Brigg. 
12—14.  Plan  and  sections  of  Deposit  at  St.  Bees. 

Discussion. 

Air.  C.  Eeid  said  that  in  the  Cromer  Forest  bed  he  had  dug  up 
many  stumps  of  trees  asserted  to  have  been  in  situ,  and  had 
found  them  not  to  be  so.  He  thought  that  great  caution  was 
needed  in  asserting  trees  to  be  in  situ.  They  would  usually  sink  in 
a  vertical  position  with  their  roots  downwards.  Sometimes  portions 
of  the  soil  in  which  the  trees  had  grown  were  retained  among  the 
roots,  and  differed  entirely  from  the  matrix. 

Eev.  H.  H.  Winwood  pointed  out  that  trees  often  grew  in  a  soil, 
but  the  roots  did  not  pierce  the  underlying  clay.  Might  not  this 
be  the  case  with  the  Cromer  trees  mentioned  by  Air.  Eeid  ? 

Eev.  J.  F.  Blake  spoke  of  a  boring  at  York  with  peaty  matter  in 
the  midst  of  the  Boulder-clays. 

Mr.  Tiddeman  asked  whether  it  was  quite  certain  that  there  was 
Boulder-clay  above  and  below  these  peaty  deposits. 

The  Secretary  replied  that  the  author  stated  so  distinctly  in  the 

paper. 
The  President  spoke  of  the  importance  of  comparing  together 

the  results  of  investigations  in  different  areas. 
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4.  On  the  Serpentine  and  associated  Roce:s  of  Anglesey  ;  ivith  a 

Note  on  the  so-called  Seepentine  of  Poetildinlleyn  (Caeenae- 
vonshiee).  By  Prof.  T.  G.  Bonney,  M.A.,  E.R.S.,  Sec.  G.S. 
(Read  November  3,  1880.) 

1.  Anglesey  with  Holyhead  Island. 

The  serpentine  from  the  vicinity  of  Rhoscolyn,  though  known  within 
a  limited  area  as  an  ornamental  stone,  does  not  appear  to  have 
received  much  attention  from  geologists.  It  is  dismissed  in  Pro- 

fessor Ramsay's  memoir  on  North  Wales  in  a  few  brief  sentences, 
and  has  not,  so  far  as  I  know,  met  with  fuller  notice  in  any  other 
quarter.  On  the  Geological-Survey  map  it  is  delineated  as  forming 
an  elongated  lozenge-shaped  patch  about  a  mile  and  three  quarters 
in  length  from  E.  to  W.,  extending  inland  north  of  Rhoscolyn  from 
the  west  shore  of  Holyhead  Island,  and  occurring  in  several  smaller 
patches  on  or  near  the  opposite  coast  of  Anglesey.  In  each  of  these 
localities  I  have  studied  the  rock  in  the  field,  and  have  examined 
microscopically  the  specimens  there  collected.  The  results,  I  hope, 
may  be  of  some  use,  though,  after  three  separate  visits,  I  have  not 
been  able  to  visit  every  one  of  the  outcrops  or  examine  minutely 
every  part  of  the  district.  Owing  to  the  intricacy  of  the  coast  in 
certain  places,  a  map  on  a  considerably  larger  scale  than  1  inch  to 
the  mile  would  be  required  before  an  elaborate  study  could  be 
undertaken. 

The  questions  which  I  have  attempted  to  solve  (as  in  all  former 
studies  of  serpentine),  were  (1)  its  relations  to  the  other  associated 
rocks,  and  (2)  its  nature  and  origin. 

The  ordinary  rock  in  the  vicinity  of  these  masses  of  serpentine  is 
a  dull  bluish  or  greenish  schist,  composed  chiefly  of  minutely 
crystallized  micaceous  or  chloritic  minerals  with  some  quartz,  the 
foliation  being  parallel  to  the  bedding.  The  latter  is  generally  very 
distinct  and  sometimes  exhibits  very  remarkable  crumplings.  The 
serpentine  occurs  in  low  rugged  knolls,  cropping  out  here  and-  there 
from  the  fields  over  which  in  the  map  the  colour  denoting  its  presence 
is  extended — the  general  aspect  of  the  rock  masses  reminding  us  of 
the  serpentines  of  Cornwall,  Scotland,  and  Italy.  It  differs  markedly 
in  all  its  characters  from  the  ordinary  schists  of  the  district,  and, 
where  associated  with  the  latter,  occurs  in  such  a  manner  as  to 
suggest  either  intrusion  or  sporadic  metamorphism  of  a  very  singular 
character.  This  is  also  suggested  by  the  mapping ;  but  it  is  even 
more  conspicuous  in  the  field. 

My  examination,  however,  showed  me  that  under  one  name  two 
distinct  rocks  had  in  some  cases  been  confounded,  viz.  a  true  serpen- 

tine and  a  gabbro,  especially  in  the  Anglesey  group.  For  instance, 
if  we  alight  at  the  Valley  Station  on  the  Bangor-Holyhead  railway, 
and  follow  the  road  to  Pour-mile  bridge,  we  observe  in  the  fields  on 
our  left,  near  Ty  Newycld,  a  long  craggy  mass  of  serpentinous 
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aspect,  the  northern  edge  of  the  largest  patch  in  Anglesey, 
according  to  the  map.  But  on  reaching  this  we  find  it  a  mass  of 
gabbro,  generally  rather  coarse — considerably  altered,  no  doubt,  but 

Tig.  1. — Junction  of  Schist  and  Serpentine. 

A.  Schist.  B.  Serpentine.  C.  Sand. 

unmistakable.  There  is,  however,  a  small  inconspicuous  outcrop  of 
true  serpentine,  separated  from  it  by  some  grass,  about  seventy  yards 
to  the  north  of  its  eastern  end.  Prom  the  west  end  of  this  gabbro 
massif  we  made*  for  the  shore.  Here  we  found  an  irregular  rocky 
coast-line  fringed  with  skerries  and  islets,  mostly  dry  at  low  tide. 
Some  are  schist,  marvellously  contorted,  others  gabbro,  a  few  ser- 

pentine. "Without  a  large-scale  map,  it  would  be  impossible  to make  the  details  intelligible;  but  it  may  suffice  to  say  that  we 
worked  carefully  along  the  shore  to  the  inlet  by  Tyddyn  Gob, 
examining  the  different  rocks.  In  one  place  the  evidence,  though  not 
perhaps  absolutely  conclusive,  seemed  strongly  in  favour  of  the  serpen- 

tine being  intrusive  in  the  schist ;  for  if  the  junction  were  due  to  a 
fault,  this  would  be  a  very  strange  one  (fig.  l)f.  Further  on  (beneath 
a  wall)  gabbro  is  seen  intrusive  in  serpentine,  which  has  assumed, 
as  is  not  uncommon  in  such  eases,  a  locally  schistose  aspect.  A 
large  mass  of  gabbro  forms  an  island  near  here.  On  the  bank 
of  an  inlet  near  Tyddyn  Gob  is  a  rather  schistose  rock,  which  in 
the  lower  part  resembles  a  foliated  gabbro,  in  the  upper  a  schist. 
Purther  to  the  south  the  schists  are  wonderfully  contorted,  and 
there  is  a  small  mass  of  serpentine  near  Ty  Ucha  (reached  by 
crossing  a  causeway  over  an  inlet);  this  is  greatly  crushed  and 
slickensided.    Appearances  suggest  an  intrusive  junction ;  but  both 

*  On  my  first  visit  to  this  place  I  was  accompanied  by  Mr.  F.  T.  S.  Houghton, 
to  whom  I  am  much  indebted  for  kind  help  on  this  and  a  subsequent  occasion. 

f  In  the  face  of  a  crag  facing  S.E.  and  rising  from  the  shore  about  the  top  of 
the  letter  e  in  mile  on  the  map. 
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schist  and  serpentine  are  so  much  affected  by  subsequent  changes 
that  it  is  difficult  to  be  sure. 

On  the  north-eastern  edge  of  this  massif  of  serpentine  (Survey 
map),  near  Cruglas  Parm,  five  shallow  pits  have  been  opened  in  a 
low  ridge  east  of  the  road,  two  being  close  together  by  the  road 
and  outside  the  enclosure.  In  one  the  rock  is  a  normal  serpentine, 
as  it  is  on  the  right-hand  side  of  the  other  ;  but  on  the  left  we  find  a 
tougher  variety  (see  below,  p.  46).  I  failed,  however,  to  find  any 
line  of  demarcation  between  the  two  varieties.  The  next  two  pits 
are  in  normal  serpentine,  veined  in  places  with  calcite.  The  last  is 
a  kind  of  ophicalcite,  hard  and  tough.  On  my  first  visit  I  found  a 
loose  block,  near  one  of  the  western  pits,  of  a  dark  green  serpentine 
full  of  lustrous  crystals,  up  to  0-3  inch  diameter,  of  a  mineral  of 
nearly  the  same  colour.  I  could  not  then  discover  any  of  this  rock 
in  situ,  and  on  a  second  visit,  after  a  most  careful  search,  aided  by 
some  of  my  students,  was  equally  unsuccessful,  though  in  one  or 
two  places  the  presence  of  a  few  minute  crystals  in  the  normal 

serpentine'  indicated  a  slight  approach  to  it*.  On  the  western  side of  the  road  a  pit  has  been  opened  in  a  large  mass  of  gabbro,  some 
of  which  has  a  rather  serpentinous  aspect. 

About  a  quarter  of  a  mile  further  down  the  road  we  passed  over  a 
reddish  serpentine,  rather  brecciated  and  veined  with  calcite.  We 
again  touched  a  little  serpentine  (dull  green)  near  Gwrthya.  All 
the  south-western  end,  adjacent  to  the  shore,  of  the  large  mass  near 
Melin  Carnau,  coloured  as  serpentine  on  the  map,  is  gabbro. 
Thence  we  worked  along  the  shore  northward  till  opposite  Ynyslas. 
There  is  no  serpentine  here,  the  gabbro  being  succeeded  by  schists, 
some  of  which  are,  indeed,  massive  and  serpentinous  in  aspect;  but 
the  difference  is  evident,  even  in  the  field,  on  careful  examination.  I 
failed  to  find  any  serpentine  at  the  shore  end  of  the  slope  opposite 
Ynyslas ;  the  rock  there  is  the  green  serpentinous-looking  schist ;  nor 
did  I  see  any  in  the  isolated  crags  inland  in  the  immediate  neigh- 

bourhood. The  railway  crosses  the  mass  which  is  represented  on 
the  map  as  running  southward  from  Llyn  Treflas;  I  walked  along 
this,  and  found  nothing  in  the  cuttings  but  the  green  schist  succeeded 
by  the  ordinary  schists  of  the  district. 

A  much  larger  mass  of  serpentine  than  any  of  the  above  is  indi- 
cated on  the  map  near  Ehoscolyn,  at  the  south  end  of  Holyhead 

island.  Specimens  from  this  locality  are  familiar  to  me ;  but  I  have 
only  examined  the  western  portion  of  it  in  the  field.  As  on  the 
other  side  of  the  water,  both  schist  and  serpentine  crop  out  here  and 
there  in  rough  knolls  and  ridges  among  the  fields.  The  two  most 
interesting  exposures  are  on  the  western  side  of  the  western  of  two 
roads  leading  to  Ehoscolyn.  The  first,  near  Ceryg  Moelion,  is  a 
quarry  approached  by  a  driftway.  Along  this  we  pass  a  large  mass 
of  gabbro,  which  is  succeeded  by  an  outcrop  of  dark  green  serpentine ; 
and  beyond  this  we  come  to  the  quarry.  It  has  been  opened  in  a  mass 

*  See  below,  p.  45,  for  a  microscopic  description. 
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of  ophicalcite  "which  is  bordered  by  true  serpentine  on  either  side. 
The  annexed  diagram  (fig.  2)  roughly  represents  the  relations  of  the 

Pig.  2. — Quarry  at  Ceryg  Moelion. 

A.  Serpentine,  crushed  and  slickensided. 
B.  Ophicalcite.  C.  Debris. 

two  rocks.  The  boundary  between  them  is  generally  quite  sharp ;  and 
the  serpentine  is  shattered,  greatly  slickensided,  and  in  parts  almost 
flaky,  as  if  it  had  undergone  great  pressure.  The  ophicalcite  varies 
much :  in  parts  nearer  the  edge  it  is  evidently  a  breccia  of  angular  frag- 

ments of  dark  serpentine  united  by  crystallized  calcite ;  in  other  parts 
the  latter  predominates  and  is  mottled  by  a  green  serpentinous 
mineral  without  distinct  evidence  of  fragments.  The  section  is  per- 

plexing ;  but,  after  careful  examination  aided  by  the  microscope,  I 
think  that  we  have  here  a  fissure  which  has  been  connected  with 

some  faulting  and  has  subsequently  been  filled  up.  As  the  serpen- 
tine itself  contains  little  or  no  lime,  and  as  the  schists  of  the  island 

are  not  markedly  calcareous,  one  is  disposed  to  attribute  the  calcite 
to  infiltration  from  overlying  masses  of  Carboniferous  Limestone 
which  have  been  subsequently  removed  by  denudation. 

Following  the  road  for  perhaps  a  quarter  of  a  mile  further  south, 
we  pass  some  more  serpentine  and  several  craggy  outcrops  of  schist, 
and  then  in  a  field  on  the  left  find  another  interesting  pit  *  which 
has  been  opened  in  order  to  work  a  band  of  steatitic  rock.  The 
annexed  diagram  (fig.  3)  expresses  the  relations  of  these  rocks. 

A  is  a  green  schist  with  a  rather  high  N.IOY.  dip.  B  is  the 
band  quarried.  It  is  about  4  feet  thick,  but  is  rather  irregular, 
seemingly  conformable  with  A,  and  distinctly  schistose  in  structure. 

*  I  believe  it  is  called  Plas  Groch ;  but  it  is  most  difficult  to  obtain  informa- 
tion as  to  names  in  these  wild  parts  of  Wales ;  the  spot  must  be  very  near  the 

division  between  the  two  quarter  sheets  of  the  Ordnance  map, 
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Pig.  3. — Quarry  at  Plas  Goch. 

A.  Green  schist,  well  marked  dip. 
B.  "  Steatite  "  schist,  partially  quarried  out. 
0.  Green  schist,  most  massive  and  serpentinous-looking  at  X . 

It  is  very  soft,  like  talc,  and  greasy  to  the  touch,  of  a  pale  dull  green 
or  leaden  colour.  C  is  a  less  pure  steatitie  schist,  which  at  D 
assumes  a  more  normal  character,  and  it  dips  to  N.N.W.  or  1ST.  x  is 
more  like  a  serpentine,  and  has  more  the  aspect  of  an  intrusive  rock ; 
it  is  of  a  dull-green  colour,  and  has  a  slightly  schisty  structure,  is 
harder  than  E,  but  can  just  be  scratched  with  the  nail.  It  contains 
numerous  crystals  of  magnetite,  commonly  minute,  but  in  places  very 
distinct  octahedra,  which  are  sometimes  nearly  J  inch  in  diameter. 
The  matrix,  however,  on  close  examination,  rather  resembles  a 
massive  chloritic  rock,  like  some  of  the  lapis  ollaris  of  the  Italian 
Alps  (e.  g.  that  from  near  Chiesa  in  the  Yal  Malenco)  than  a  true 
serpentine.  To  the  latter,  under  the  microscope,  it  has  little 
resemblance.  It  consists  of  a  thickly  felted  mass  of  a  scaly  or 
fibrous  clear  mineral,  slightly  tinged  with  green,  and  feebly  dickroic. 
The  brightest  tint  shown  with  crossed  Mcols  is  a  dull  greyish  white  ; 
and  the  mineral  is  either  hexagonal  or  orthorhombic  ;  minute  gra- 

nules; some  fairly  clear,  some  brown  to  opaque,  are  scattered  about 
the  slide  (the  larger  crystals  have  been  apparently  torn  out  in  pre- 

paring it),  part  of  which  are  probably  chromite.  After  two  visits 
to  the  pit,  and  the  best  study  that  I  can  give  to  the  rock,  I  am  dis- 

posed to  think  that  it  is  more  probably  a  massive  chloritic  schist 
than  a  true  serpentine,  and  that  the  appearance  of  intrusion  is 
illusory.  The  quarried  rock  (B)  under  the  microscope  exhibits  a 
thickly  felted  mass  of  almost  colourless  folia,  which,  in  transverse 
section,  do  not  show  conspicuous  foliation,  together  with  some  few 
scattered  granules  of  opacite.  With  crossing  Nicols  they  afford  fairly 
bright  pink  and  green  colours,  and  are  almost  certainly  talc,  so  that 
the  rock  may  be  regarded  as  a  talc-schist.* 

The  following  are  the  results  of  the  microscopic  examination  of 
some  of  the  above-mentioned  rocks.   The  porphyritic  rock  found  near 

*  I  am  since  indebted  to  F.  T.  S.  Houghton,  Esq.,  F.G.S.,  for  the  following 
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the  quarry  south  of  Cruglas  consists  of  three  minerals  : — (a)  a  clear 
transparent  mineral,  with  a  satiny  texture  and  occasional  very  faint 
indications  of  two  cleavage-planes  ;  with  crossed  Nicols  it  presents 
a  dark  base  crowded  with  irregular  patches  of  minute  fibrous  micro- 
liths  of  a  dull  yellowish  colour,  (b)  About  an  equal  quantity  of 
roundish  or  irregularly  polygonal  grains  of  a  pale  yellowish  green 
mineral,  which  exhibits  one  marked  set  of  cleavage-planes,  and  a 
second  less  perfect  at  right  angles ;  these,  especially  the  former,  are 
further  indicated  by  numerous  grains  and  rods  of  opacite,  probably 
magnetite.  With  crossed  Mcols  this  second  constituent  is  either 
black  or  shows  a  pale  fibrous  dull  bluish  mineral.  The  greatest 
absorption  takes  place  when  the  cleavage-planes  are  parallel  to  one 
of  the  vibration-planes  of  the  Nicols.  (c)  Scattered  black  grains  and 
crystals  of  magnetite  or  possibly  chromite.  JSFo  structure  resembling 
olivine  occurs  in  the  slide ;  so  far  as  it  is  possible  to  conjecture  the 
nature  of  the  unaltered  rock,  it  most  resembles  one  that  has  consisted 
almost  wholly  either  of  two  kinds  of  enstatite*,  one  richer  than 
the  other  in  iron,  or  of  enstatite  and  hypersthene.  I  much  regret 
that  I  could  not  succeed  in  finding  the  rock  in  situ. 

The  Ty-Ucha  rock,  on  the  contrary,  has  the  granular  structure 
(defined  by  wavy  irregular  strings)  which  is  often  seen  in  an  altered 
olivine  rock.  These,  with  crossed  Nicols,  exhibit  a  slightly  fibrous 
structure  and  bluish- white  colour,  with  an  occasional  golden-yellow 
tint,  as  is  common  in  serpentines,  the  interstices  being  dark  or 
relieved  by  patches  of  dull  bluish  fibres.  Opacite  and  larger  grains, 
generally  rounded,  but  sometimes  clearly  crystals  of  the  isometric 
system,  are  scattered  about  the  slide ;  probably  these  are  magnetite. 
No  appreciable  quantity  of  any  other  mineral  is  present  in  the  slide. 
This  serpentine  then  probably  results  from  the  alteration  of  an  olivine- 
roek,  a  kind  of  dunite. 

analyses : — I.  is  the  dull-green  chloritic  rock,  and  II.  the  talcose  schist. 
No.  I.,  however,  has  not  made  it  easier  to  identify  the  chief  mineral. 
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*  Prof.  Maskelyne  has  described  an  enstatite  rock  (without  olivine  or  other 

mineral,  except  perhaps  diopside)  from  S.  Africa.  Another  slide  cut  from  an 
outcrop  in  this  neighbourhood  presents  some  resemblance  to  the  above,  though 
the  constituents  are  more  minute  and  more  highly  altered,  and  there  is  less 
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The  Ty-Newydd  rock*  is  similar  to  the  last,  but  contains  a  little 
of  a  mineral  which,  optically  and  in  all  other  resjjects,  resembles  a 
rather  altered  enstatite.  One  of  the  black  grains  shows  a  parallel 
cleavage,  as  if  it  were  a  pseudomorph  of  enstatite  in  magnetite,  a 
thing  not  very  uncommon  in  the  case  of  augite.  A  few  strings  of 
chrysotile  traverse  the  slide. 

The  serpentine  from  Ceryg  Moelion  consists  partly  of  a  fibrous- 
looking  doubly  refracting  mineral  akin  to  chrysotile,  and  partly  of  a 
clear,  rather  satiny  mineral,  dark  or  faintly  granulated  with  bluish 
light,  resembling  one  of  those  described  in  the  block  found  at 
Cruglas  (a),  with  thickly  clotted  opacite  in  irregular  strings  and 
some  scattered  grains.    It  may  be  an  altered  olivine  rock. 

The  rock  from  a  small  quarry  about  a  quarter  of  a  mile  north  of 
Plas  Goch  appears  to  be  mainly  composed  of  flaky  mica-like  plates 
of  a  doubly  refracting  serpentinous  mineral,  with  the  usual  granules, 
rods,  and  clotted  strings,  probably  of  magnetite,  and  a  very  little  of 
the  mineral  described  above  (b)  in  the  block  found  at  Cruglas.  Of 
all  those  examined,  it  most  resembles  an  altered  olivine  rock. 

A  slide  cut  from  the  tougher  serpentine  in  the  quarry  south  of 
Cruglas  shows  a  rather  peculiar  structure.  The  slide  is  traversed  by 
irregular  strings  of  clotted  opacite,  and  is  composed  of  two  closely 
associated  minerals — one  the  scaly  serpentine  described  above,  the 
other  exceedingly  minute  scales  of  a  doubly  refracting  mineral, 
dichroic,  changing  from  pale  yellowish  to  dull  grey-brown,  and  with 
the  two  JSTicols  giving  fairly  brilliant  colours.  There  is  nothing 
inconsistent  with  this  serpentine  being  the  result  of  the  alteration  of 
an  olivine  rock ;  but,  so  far  as  my  experience  goes,  its  appearance  is 
exceptional.  As  stated  above,  I  could  see  no  evidence  that  this 
variety  was  intrusive  in  the  normal  serpentine. 

Microscopic  examination  confirms  the  view  taken  in  the  field,  that 
several  of  the  so-called  serpentines  are  true  gabbros.  The  specimen 
from  the  great  mass  near  Ty  Newydd  shows  the  ordinary  structure 
of  a  typical  gabbro,  though  the  felspathic  constituent  is  wholly  re- 

placed by  secondary  products  (much  being  an  opaque  dust),  being 
thus  a  variety  of  the  saussuritic  mineral  so  common  in  old  gabbros. 
There  is  also  plenty  of  a  rather  coarsely  cleaved  diallage,  with  pro- 

bably some  ordinary  augite,  and  a  few  grains  of  a  more  finely 

*  I  am  indebted  for  the  following  analysis  of  this  serpentine  to  the  kindness 
of  F.  T.  S.  Houghton,  Esq.,  F.G.S.  :— 
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cleaved  fibrous  mineral  of  an  altered  aspect.  This  may  be  only 
the  result  of  pseudomorphic  action  on  the  diallage ;  but  it  may  have 
been  from  the  first  a  separate  mineral.  I  incline  to  the  latter  view, 
as  the  normal  constituent  is  sometimes  altered,  but  seems  then  to 
produce  a  different  mineral. 

A  specimen  from  the  islet  near  the  south  shore  closely  resembles 
the  last.  Here  the  pyroxenic  mineral  sometimes  contains  microliths, 
apparently  of  augite,  sometimes  exhibits  lamellar  twinning ;  it  is 
occasionally  altered  as  in  the  last  case.  A  third  specimen,  from  a 
knoll  on  the  shore  between  an  outcrop  of  schist  and  another  of  ser- 

pentine, corresponds  generally  with  the  above. 
Specimens  of  the  normal  schist  from  near  the  chapel  on  the  Holy- 

head island,  from  near  Tycoch.  and  within  about  5  feet  of  the  ser- 
pentine at  the  presumed  intrusive  junction  (see  above,  fig.  1,  p.  41) 

have  been  examined.    They  are  representatives  of  a  class  of  schists 
of  which  I  have  seen  and  received  numerous  examples  from  Anglesey. 
Under  the  microscope  they  are  seen  to  be  composed  mainly  of  two 
minerals,  both  of  minute  size : — one  quartz  ;  the  other  a  greenish 
mineral  in  little  scales  *,  fairly  dichroic,  changing  from  a  greenish 
yellow  to  a  strong  green,  occurring  also  in  veins  in  little  tufts : 
it  resembles  a  chlorite  more  than  a  mica.    There  is  an  occasional 
granule  of  epidote  and  a  good  deal  of  a  sort  of  grey  earthy  dust, 
sometimes  in  clots,  probably  in  part  decomposed  magnetite  or  ilme- 
nite.    There  are  also  some  vein-like  bands  of  clear  quartz,  probably 
segregation-products.    The  third  specimen  has  a  rather  coarser 
structure,  and  contains  some  scattered  quartz-grains  which  may 
indicate  original  constituents.  These  rocks  show  a  banded  structure, 
probably  due  to  original  bedding ;  but  they  are  very  highly  altered. 
The  schistose  rock  at  Tyddyn  Gob,  as  might  be  supposed  from  its 
aspect,  is  very  different.  It  has  a  marked  foliated  structure,  being 
chiefly  composed  of  wavy  bands  of  an  earthy  mineral,  almost  opaque, 
and  of  a  nearly  colourless  fibrous  mineral,  probably  a  variety  of 
actinolite.    Among  the  latter,  in  the  lower  and  coarser  rock,  are 
the  remains  of  a  mineral  with  well  marked  parallel  cleavage,  from 
which  the  other  may  have  been  produced  by  secondary  change.  In 
appearance  the  mineral  more  resembles  augite,  and  it  is  practically 
not  dichroic ;  but  in  other  optical  properties  it  agrees  better  with 
hornblende :  a  little  epidote  is  present.    I  cannot  help  suspecting 
the  possibility  of  this  rock  being  an  altered  gabbro  with  pressure 
foliation ;  but  if  so,  it  is  a  most  exceptional  case. 

Prom  the  above  observations  it  will  appear  that  the  whole  of  this 
district  needs  remapping ;  and  this  task  will  not  be  an  easy  one. 
That  the  gabbro  is  an  ordinary  igneous  rock  cannot,  I  think,  be 
doubted.  As  regards  the  serpentine,  the  evidence  is  a  little  less 
clear.  The  microscopic  structure,  owing  probably  to  the  great  age 
of  the  rock,  is  rather  obscure  and  anomalous  ;  its  relations  to  the 
schist  are  not  clearly  displayed.  Still  the  structure  in  several  cases 
coincides  with  that  of  serpentines  which  we  need  not  hesitate  to 

*  2fot  more  than  -001  inch  diameter. 
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consider  altered  olivine  rocks,  such  as  those  of  Cornwall,  Scotland, 
Italy,  &c. ;  the  general  aspect  of  the  rock  in  the  field  perfectly  agrees 
with  the  same  ;  and  its  relation  to  the  schist  would  be  most  difficult 
to  explain,  except  on  the  theory  that  it  was  intrusive  in  the  latter. 
We  must  also  remember  that  olivine  rock  partially  altered  has  been 
detected  in  the  Lleyn  peninsula*.  The  evidence  in  favour  of  the 
serpentine  being  produced  from  the  schist  by  some  kind  of  selective 
or  local  metamorphism  is  of  the  weakest  possible  description.  We 
therefore  need  not  hesitate  to  add  the  Anglesey  serpentines  to  the 
list  of  altered  peridotites. 

2.  The  so-called  Serpentine  of  Porthdinlleyn. 

The  northern  and  larger  part  of  the  promontory  at  Porthdinlleyn 
(west  of  Nevin)  is  coloured  as  serpentine  in  the  Survey  map,  and 
thus  noticed  (by  Mr.  Selwyn)in  the  memoir f : — "  The  rock  at  Porth- 

dinlleyn is  a  kind  of  coarse  green  and  purple  serpentine,  with  nests 
of  red  jasper  ;  veins  of  the  serpentine  are  observed  to  dash  in  among 

the  slaty  series  at  Porthween."  So  far  as  true  serpentine  is  con- 
cerned, I  might  have  modelled  this  note  on  the  well-known  chapter 

concerning  the  snakes  in  Iceland ;  for  there  is  none  at  Porthdinlleyn. 
The  rocks,  however,  which  I  examined  in  my  search  for  serpentine 
are  so  interesting  that  I  am  tempted  to  add  a  few  words  concerning 
them. 

Specimens  of  several  of  these  rocks  have  been  examined  microsco- 
pically ;  and  one  or  two  exhibit  structures  of  much  interest.  On  the 

present  occasion,  however,  I  shall  not  enter  into  details  foreign  to 
the  immediate, subject,  but  only  endeavour  to  identify  the  specimens. 
The  first  rock  seen  (by  a  landing-stage)  as  we  approached  Porth- 

dinlleyn along  the  shore  from  Bwlchdinlleyn  is  a  massive  green  rock 
of  serpentinous  aspect.  In  the  craglets  and  reefs  near  the  hamlet 
itself  we  find  a  similar  rock  which  also  shows  in  parts  a  distinctly 
brecciated  structure,  pale-green  fragments  of  various  sizes  (generally 
up  to  2  or  3  inches  diameter,  but  in  one  case  about  18  inches) 
occurring  in  a.  darker  and  more  ashy-looking  matrix.  In  other 
parts  the  structure  more  resembles  brecciation  in  situ  ;  sometimes 
the  rock  is  almost  spheroidal,  and  reminded  me  of  certain  instances 
which  I  have  seen  in  old  igneous  rocks  of  a  rather  basic  nature,  where 
the  outer  shells  of  the  spheroid  had  become  decomposed,  simulating 
a  conglomerate  with  but  little  matrix.  A  reddish  variety  of  the 
compact  rock  also  occurs  ;  and  these  rocks  continue  for  some  distance 

to  the  north  of  Porthdinlleyn,  the  "  nests  of  red  jasper  "  (haematite 
with  quartz,  calcite,  &c.)  being  in  places  very  conspicuous.  In  the 
field  it  is  very  difficult  to  pronounce  upon  the  nature  of  the  above 
compact  rock.  It  is  hard,  with  a  subconchoidal  to  rather  argil- 

laceous fracture,  traversed  by  well-marked  divisional  planes,  but 

*  Geol.  Mag.  dec.  ii.  vol.  vii.  p.  208. 
t  The  Geology  of  North  Wales,  p.  170. 
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with  no  certain  indications  of  bedding.  The  rock  exhibits  spots  of 
epidote,  varies  in  colour  from  a  dull  sap-green  to  a  greenish-purple 
colour,  is  traversed  by  thin  veins  of  quartz  and  calcite,  and 
might  be  taken  either  for  a  compact  chloritic  rock  resulting  from  the 
alteration  of  a  uniform  fine  sediment,  or  for  a  very  compact  diabase. 
Under  the  microscope  both  varieties  are  seen  to  be  rather  decom- 

posed, the  slides  being  rendered  more  or  less  opaque  with  fine 
powdery  ferrite,  which  sometimes  also  occurs  in  granules.  There 
are  indications  of  numerous  niicroliths,  some  doubtless  being  felspar, 
and  probably  a  plagioclasc  ;  these,  in  places,  show  a  tufted,  sometimes 
an  almost  spherulitic  arrangement.  In  this  are  scattered  some 
larger  augite  crystals,  much  altered  but  still  recognizable.  The 
green  variety  has  some  faint  indications  of  a  fragmental  structure, 
and  might  be  a  tuff  in  which  the  outlines  of  the  fragments  were 
nearly  obliterated.  The  structure  of  the  redder  variety  is  more 
distinctly  that  of  a  true  igneous  rock ;  and  as  I  could  see  no  signs  of 
a  division  in  the  field,  we  may  venture  to  identify  these  as  compact 
diabases*,  very  probably  old  flows  of  a  basaltic  lavat.  The  breccia 
exhibits  under  the  microscope  a  base  of  filmy  pale-coloured  viridite, 
in  which  are  scattered  numerous  granules  of  ferrite,  crystals  of 
epidote,  with  other  minerals  of  secondary  formation,  altered  augite, 
and  felspar,  and  scattered  fragments,  apparently  of  more  or  less 
glassy  lapilli.  Of  the  nature  of  some  of  the  last  there  can  be  no 

doubt.  The  rock,  then,  is  a  "  diabase  tuff,"  of  which  probably  a 
good  deal  was  once  a  very  fine  dust. 

For  some  distance  to  the  north  of  Porthclinlleyn  the  dubiously 

"  conglomeratic  "  aspect  of  the  rock  as  above  described  continues ; 
and  then  we  find,  on  arriving  within  a  short  distance  of  the  life- 

boat house,  sections  that,  even  in  the  field,  are  perfectly  conclusive. 
The  best  occurs  in  a  little  cliff  (an  old  quarry-face)  looking  seaward. 
On  the  sides  of  this  (the  section  is  about  a  dozen  yards  wide)  we 
find  a  dull-green  ashy-looking  matrix,  full  of  angular  and  subangular 
fragments  of  all  sizes  up  to  3  or  4  inches  diameter  of  a  compact 
paler-coloured  rock ;  and  in  the  middle  a  mass  of  rounded  blocks  (a 
foot  or  two  in  diameter)  which  seems  almost  solid  passes  irregularly, 
but  with  fairly  marked  boundaries,  into  breccia.  There  can,  then,  be 
no  doubt  that  we  have  here  a  true  volcanic  agglomerate,  including 
either  a  thickly  fallen  mass  of  bombs  or  a  small  lava  coulee.  This 
view  is  fully  confirmed  by  microscopic  examination, — the  breccia 
exhibiting  a  ground-mass,  as  above  described,  full  of  scattered  frag- 

ments obviously  of  volcanic  origin,  some  a  brown  slaggy  glass,  like 
a  kind  of  tachylite,  others  compact  basaltic  scoria.  The  examination 
of  a  spheroidal  mass  from  the  agglomerate  shows  it  to  be  highly  de- 

composed compact  diabase. 

*  The  name  diabase  is  given,  though  little  or  no  chlorite  can  be  recognized, because  I  know  of  none  other  that  exists. 
t  I  may  mention  that  I  have  in  my  collection  a  rock  microscopically  identical 

•with  the  above,  which  I  collected  between  Glyn  Garth  and  Beaumaris.  These 
old  basalts  are,  I  suspect,  not  uncommon  among  the  Welsh  Pre-Cambrians,  and 
in  the  field  are  hard  to  recognize. 

Q.  J.  a  S.  No.  145.  e 
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Proceeding  a  little  further,  we  find,  about  fifty  yards  south  of  the 
boathouse,  a  compact  green  rock  with  indubitable  spheroidal  struc- 

ture. This  rock  now  continues  along  the  northern  and  western  face 
of  the  peninsula,  becoming  in  places  very  distinctly  spheroidal.  The 
face  of  a  crag  (a  joint-plane)  near  the  sea  at  the  N.E.  angle  exhibits 
one  of  the  most  conspicuous  instances  of  the  structure  that  I  have 
ever  seen.  The  rock,  where  not  spheroidal,  is  compact  and  sharply 
jointed,  in  one  or  two  cases  a  little  platy  in  structure.  Under  the 
microscope  it  is  seen  to  be  an  altered  basalt,  the  structure  being 
recognizable,  though  the  felspar  is  replaced  by  earthy  decomposition- 
products,  and  the  grains  and  crystals  of  augite  are  much  altered. 
I  also  noticed  one  or  two  small  dykes,  seemingly  of  late  date.  The 
eastern  side  of  the  peninsula  had  occupied  so  much  of  my  time  that  I 
was  unable  to  examine  into  the  relations  of  the  above  group  of  rocks 
with  the  schist  of  the  district  (which  is  not  to  be  seen  on  that  side), 
and  had  to  be  content  with  satisfying  myself  that,  though  there  are 
igneous  rocks,  there  is  no  true  serpentine  at  Porthdinlleyn. 

Discussion. 

Mr.  Bauerman  had  examined  the  steatite- deposit  of  the  locality, 
and  had  arrived  at  much  the  same  conclusions  as  the  author. 

There  were  true  serpentine  rocks,  and  doubtful  or  "  serpentinous 99 
ones.  He  considered  an  examination  of  the  composition  of  these 
rocks  desirable. 

Dr.  Hicks  congratulated  the  author  on  speaking  of  the  intrusive 
origin  of  the  Anglesey  serpentines  with  a  certain  degree  of  doubt. 
He  was  himself  inclined  to  regard  these  rocks  not  as  intrusive,  but 
as  altered  representatives  of  certain  ancient  sediments.  He  repudi- 

ated the  notion  of  "  selective  metamorphism  "  being  generally  ap- 
plicable to  these  rocks.  The  rocks  at  Porth  Dunbar  he  regarded 

as  mainly  indurated  and  altered  ashes. 
Prof.  Hughes  pointed  out  that  when  the  Survey  map  was  made 

the  definition  of  "serpentine"  was  much  wider  than  that  which 
was  now  adopted.  He  was  not  convinced  of  the  intrusive  cha- 

racter of  the  serpentines  in  the  section  given  by  the  author,  but 
thought  it  might  be  one  of  the  numerous  cases  in  which  during 
the  crumpling  of  the  gnarled  series  the  harder  masses  were  pro- 

truded through  the  schists,  producing  small  local  faults.  He  believed 
that  calcareous  beds  in  the  gnarled  series,  and  magnesian  minerals 
in  the  dykes,  generally  associated  with  the  serpentinous  rock  and 
ophicalcite,  were  sufficient  to  account  for  both. 

Mr.  Hudleston  had  examined  the  rocks  of  the  district,  and 
thought  they  differed  so  greatly  from  the  Cornish  serpentines  as  to 
make  it  somewhat  doubtful  whether  they  could  have  been  formed 
by  the  alteration  of  olivine  rocks  of  intrusive  origin.  He  was  in- 

clined to  think  that  the  Anglesey  serpentines,  like  those  of  the 
Shetlands  described  by  Dr.  Heddle,  might  in  part  be  altered  acti- 
nolitic  rocks. 
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The  Author  doubted  whether  the  so-called  steatite  is  really  the 
normal  mineral.  Dr.  Hicks  had  entirely  misapprehended  him ;  for 
he  had  no  doubt  that  the  true  serpentines  of  the  district  were 
altered  olivine  rocks,  and  not  metamorphosed  schists.  He  con- 

sidered the  use  of  the  term  "  serpentine  "  by  the  Survey,  if  it  were 
as  stated  by  Prof.  Hughes  (which  he  doubted),  was  one  which  was 

quite  unjustifiable  ;  nor  could  he  agree  with  Prof.  Hughes's  expla- 
nation of  the  section  showing  an  apparent  intrusion  of  the  serpentine 

into  the  schist.  He  could  not  admit  that  either  the  Anglesey  ser- 
pentines or  any  Scottish  serpentines  which  he  had  himself  examined 

could  have  been  formed  by  the  alteration  of  actinolitic  rocks. 
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5.  On  Kemaests  of  a  Small  Lizard  from  the  Neocomian  Bocks  of 
CoMEisr,  near  Trieste,  preserved  in  the  Geological  Museum  of  the 
University  of  Yienita.  By  Prof.  Seeley,  P.B.S.,  F.G.S.,  of 

King's  College,  London.    (Eeacl  December  1,  1880.) 
[Plate  IY] 

Professor  Eduard  Suess,  P.M.G.S.,  recently  received  from  Comen, 
near  Trieste,  a  specimen  showing  the  hinder  half  of  the  skeleton  of 
a  lizard  which  he  has  desired  me  to  describe.  Unlike  the  two  fine 

slabs  from  the  island  of  Lesina,  preserved  in  the  k.-k.  geologische 
Eeichsanstalt,  which  are  in  a  pale  yellowish  limestone  matrix, 
this  specimen  is  from  a  limestone  slab  nearly  black ;  the  animal 
shown  upon  it  has  lain  exposed  for  some  time  in  the  quarry  and 
suffered  by  the  solvent  action  of  the  rain.  Prof.  Suess  mentioned 
to  me  that  the  colour  merely  indicated  one  of  the  many  alterations 
in  the  limestone,  and  that,  since  it  was  collected  by  a  former  pupil, 
no  doubt  could  attach  either  to  its  stratigraphical  or  geographical 
position.  Prof.  Kornhuber  does  not  appear  to  have  been  quite  cer- 

tain as  to  the  position  of  the  Lesina  rocks  in  the  Cretaceous  series  : 
but  while  I  was  in  Yienna,  Professor  Pisani  mentioned  to  me  that 
he  had  identified  thirteen  species  of  fish  with  Upper  rTeocomian 
species  ;  and  as  fish  constitute  the  chief  fossils  of  the  deposit,  this 
must  be  held  conclusive  evidence  of  the  geological  age  of  these 
lizards. 

This  new  fossil  (PI.  IY.  fig.  1)  at  first  sight  presents  a  considerable 
resemblance  to  the  Hydrosaurus  lesinensis  of  Kornhuber,  as  was 
pointed  out  to  me  by  Prof.  Suess ;  but  the  differences  are  so 
remarkable  and  important  that  I  find  myself  unable  to  include  it  in 
the  same  genus.  The  specimens  in  the  Museum  of  the  Imperial 
Geological  Survey  were  shown  to  me  by  the  Director  Pranz  Bitter 
von  Hauer.  They  are  admirably  preserved,  and,  as  Kornhuber  has 
stated,  appear  to  indicate  an  animal  with  9  cervical,  30  dorsal,  and 
2  sacral  vertebrae,  and  a  tail  of  which  only  the  24  anterior  vertebrae 
are  preserved.  The  type  is  distinguished  by  the  remarkable  stoutness 
of  the  dorsal  ribs,  by  the  very  long  and  large  neural  spines  and  early 
caudal  vertebrae ;  and  it  possessed  well-developed  limbs,  of  which  the 
hinder  pair  were  much  larger  than  the  anterior  pair.  The  specimen 
which  I  have  now  to  describe  has  only  the  hindermost  12  dorsal 
vertebrae  preserved.  There  are  presumably  2  sacral  vertebrae  ;  and 
then  succeeds  the  tail,  of  which  about  65  vertebrae  are  preserved 
or  indicated  by  impressions  ;  and  it  is  probable  that  more  remained 
in  the  slab  which  had  been  adjacent  but  was  not  collected. 

The  length  of  the  12  dorsal  vertebrae  is  about  55  millims. ;  and 
the  remainder  of  the  vertebral  column,  as  preserved,  measures  along 
the  curves  of  the  tail  nearly  200  millims.  The  dorsal  region  is  ex- 

posed so  as  to  display  the  attachment  of  the  ribs.    The  ilium  is  the 
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only  pelvic  element  clearly  exhibited ;  and  that  is  directed  backward  in 
the  usual  lacertian  manner  (fig.  1,  i).  The  hind  limbs  are  preserved, 
though  they  were  fast  becoming  obliterated  by  weathering.  The  caudal 
vertebrae  lie  upon  one  side,  and  consequently  do  not  give  a  very  dis- 

tinct idea  of  their  forms.  They,  however,  show  no  trace  whatever 
of  the  neural  spine,  though  the  chevron  bones  are  well  developed, 
and  are  preserved  down  the  greater  part  of  the  tail.  The  dorsal 
vertebree  apparently  rest  upon  the  neural  surface  and  expose  the 
visceral  surface.  This  may  be  inferred  from  the  form  of  the  cen- 

trum, the  curvature  of  the  ribs,  which  are  concave  in  length  as 
exposed,  and  the  fact  that  the  ilium  underlies  the  femur  ;  but  the 
face  of  each  centrum  has  been  somewhat  dissolved,  so  that  it  cannot 
in  any  case  be  said  to  exhibit  the  unaltered  appearance  of  the  bones. 
Each  centrum  in  the  dorsal  region  is  rather  less  than  ̂   a  centim. 
in  length,  and  is  about  6  millims.  wide  in  front.  The  sides  converge 
posteriorly  to  about  3  millims. ;  so  that,  besides  being  a  far  smaller 
animal,  the  lower  dorsal  vertebrae  appear  here  to  be  relatively 
shorter,  and  the  centrum,  instead  of  having  the  concave  lateral 
outlines  of  Hydrosaurus,  has  its  side  rather  convex  in  length; 
and  the  anterior  surfaces  on  each  side  of  the  anterior  articulation 
look  more  forward  and  less  outward  than  in  that  genus.  There 
is,  moreover,  no  ]  indication  of  the  transversely  concave  outline  of 
the  intervertebral  union — but  in  place  of  it  a  notch  in  the  ante- 

rior border,  as  though  there  were  a  small  ossicle  at  the  junction  of 
each  two  vertebrae ;  but  this  apparent  notch  may  be  nothing  but 
the  neural  canal  exposed  in  this  position  by  the  thin  base  of  the 
centrum  being  there  dissolved.  As  the  vertebrae  pass  downward 
towards  the  sacrum,  their  aspect  seems  to  be  less  massive,  and  the 
posterior  end  becomes  a  little  more  compressed  from  side  to  side. 
There  are  slight  indications  of  two  ridges  running  longitudinally 
on  the  base  of  the  centrum  from  the  outer  corners  of  the  anterior 
•cup  towards  the  posterior  articular  ball.  All  the  dorsal  vertebrae 
were  furnished  with  ribs ;  but  they  become  shorter  and  smaller 
towards  the  sacrum.  On  the  right  side  of  the  specimen  they  lie 
together,  touching  each  other  along  their  lengths,  except  in  the  case 
of  the  last  three  or  four,  which  are  only  indicated  by  impressions. 
The  ribs  appear  to  be  flat  on  the  under  side  and  moderately  curved ; 
the  rib  of  the  third  vertebra  preserved  is  2  centims.  long  and  2 
millims.  wide  at  the  proximal  end.  The  ribs  appear  to  be  tubular 
and  single-headed ;  they  taper  evenly  to  a  blunt  point,  but  scarcely 
give  the  impression  of  being  relatively  so  stout  as  the  ribs  of  Hydro- 
saurus.  The  sacral  vertebrae  are  no  better  defined  than  those  of  the 
dorsal  region,  being  partly  covered  by  femoral  bones.  There  is  an 
angular  bend  in  the  tail,  beyond  which  the  vertebrae  lie  on  their 
sides  more  perfectly  displayed  than  in  the  case  of  the  first  few  caudals. 
The  neural  arches  of  the  caudal  vertebrae  were  low,  without  any  indi- 

cation of  neural  spines,  the  neural  arch  being  concave  superiorly  from 
front  to  back,  and  articulating  with  the  arches  of  adjacent  vertebrae 
by  zygapophyses,  which  were  elevated  high  above  the  neural  sur- 

face.   The  neural  arch  widens  in  front,  and  is  smooth  at  the  sides. 
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There  is  no  trace  preserved  of  transverse  processes,  such  as  may  be 
presumed  to  have  existed.  The  chevron  bones  are  relatively  long  and 
slender  and  directed  backward  parallel  to  each  other.  The  vertebrae 
rapidly  decrease  in  size,  and  in  the  latter  half  of  the  tail  preserved 
are  small.  These  hindermost  vertebras  (that  is,  after  about  the 
thirty-fifth)  appear  to  develop  a  slight  neural  spine,  which  is  slender, 
directed  backwards  nearly  horizontally,  and  terminates  without  any 
decrease  in  thickness,  in  a  rounded  end ;  but  these  spines  can  only 
be  detected  in  some  eight  vertebras.  The  neural  arch  appears  to  be 
preserved  to  the  end  of  the  series,  where  the  whole  lateral  measure- 

ment of  the  vertebra  is  less  than  2  millims.,  and  its  length  does  not 
greatly  exceed  2  millims.  The  height  from  the  base  of  the  centrum 
to  the  middle  of  the  neural  arch  at  about  the  eighth  caudal  is  3| 
millims.,  the  neural  arch  forming  less  than  half  of  this  height.  The 
union  between  the  centrums  is  not  well  defined.  The  chevron  bones 
in  the  first  dozen  vertebrae  appear  to  be  about  millims.  long. 
There  thus  appear  in  the  tail  to  be  differences  from  Hydrosaurus 
lesinensis  in  the  relatively  small  development  of  the  neural  spine, 
which  never  extends  upward  as  a  broad  plate  in  this  form,  and, 
when  it  does  exist,  is  a  slender  backwardly-directed  process.  The 
earlier  chevron  bones  in  the  present  fossil  appear  to  have  been  rela- 

tively broader ;  and  in  the  absence  of  any  indication  of  transverse 
processes,  it  is  impossible  to  affirm  that  those  processes  existed. 

The  pelvis  is  imperfectly  seen  on  both  sides.  The  ilium  extends  on 
the  right  side  parallel  to  the  vertebrae  (fig.  1,  i),  but  its  anterior  part 
is  covered  by  the  head  of  the  femur.  The  part  exposed  is  fully  7 
millims.  long;  its  outer  edge  is  rounded ;  it  expands  anteriorly  a 
little,  but  appears  to  be  distinguished  by  its  slender  form  and  parallel 
sides.  On  the  left  side  of  the  specimen,  underlying  the  other  femur 
and  articulating  with  a  bone  in  front,  which  may  well  be  the  arti- 

cular part  of  the  ilium,  is  a  curved  bony  element  (nearly  8  millims. 
long,  wider  than  the  ilium),  which  from  its  position  might  well  be 
the  ischium.  The  bend  in  it  occurs  in  its  anterior  third  ;  it  is  com- 

paratively slender,  and  only  expands  a  little  at  its  distal  end.  The 
slender  form  of  the  ilium  and  its  relative  length  are  points  of  differ- 

ence from  the  species  with  which  this  has  been  compared.  Both  hind 
limbs  are  fairly  well  preserved.  The  femur  of  the  left  side  (fig.  1,  m) 
is  about  11  millims.  long,  a  good  deal  constricted  in  the  middle,  and 
flattened  and  expanded  at  the  distal  end,  which  is  concave  from  side 
to  side ;  the  anterior  margin  of  the  bone  is  concave  in  length,  while 
the  posterior  margin  is  more  straight.  The  characters  of  the  arti- 

cular head  are  not  well  defined,  owing  to  the  way  in  which  the  bone 
is  compressed ;  but  the  head  appears  to  have  been  well  rounded,  and 
to  have  measured  about  half  a  centim.  from  front  to  back.  There 
are  no  indications  of  the  distal  epiphyses  represented  by  Kornhuber. 

The  tibia  (fig.  2,  t)  has  its  anterior  margin  straight,  and  its  pos- 
terior margin  concave.  It  is  about  7  millims.  long.  The  proximal 

end  is  greatly  expanded ;  and  the  shaft  is  relatively  more  slender  than 

in  Kornhuber's  species.  The  fibula  (fig.  2,  f )  is  a  rather  more  slender 
bone,  without  any  indication  of  proximal  expansion  ;  it  widens  at 
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the  distal  end  to  3  millims.,  which  about  corresponds  to  the  proximal 
width  of  the  tibia.  The  tarsal  bones  (fig.  2,  ts)  are  not  well  preserved, 
but  appear  to  consist  of  one  large  bone  below  the  tibia,  which  is  appa- 

rently polygonal,  and  two  smaller  bones  placed  below  the  fibula ;  but 
there  has  probably  been  at  least  a  third  bone,  which  was  distal  in 
position  and  is  not  preserved.  The  metatarsus  (fig.  2,  mi)  is  not  very 
distinct ;  and  it  is  difficult  to  say  whether  the  metatarsal  bones  were 
entirely  distinct  from  each  other.  The  specimen  would  appear  to 
indicate  that  there  were  at  least  three  metatarsals.  The  bone 
below  the  large  tarsal  element  is  short  and  broad,  reminding  one  in  its 
proportions  of  that  of  a  Plesiosaur.  It  articulates  by  a  large  proximal 
facet  with  the  large  tarsal  bone,  and  by  a  small  facet  at  the  proximal 
end  with  the  distal  tarsal  element  adjacent  to  it.  Its  width  at  the 
proximal  end  is  over  2  millims. ;  and  it  appears  to  be  about  4  millims. 
long.  The  metatarsals  on  the  outer  side  are  not  preserved.  There  are 
five  digits  (fig.  2,  i-v)  formed  of  slender  bones  with  a  median  groove 
on  the  dorsal  surface  of  the  first  row.  There  are  two  bones  in  the  first 
digit,  which  is  short  and  terminates  in  a  pointed  bone,  the  distal  end  of 
which  is  a  little  curved  and  apparently  carried  a  claw.  There  are 
three  bones  in  the  second  digit,  which  is  about  twice  the  length ; 
but  the  fracture  in  the  slab  passes  through  the  middle  of  the  ter- 

minal small  phalange.  In  the  third  digit  there  majr  have  been  four 
phalanges ;  but  the  fracture  passes  through  the  third,  which  is  so 
large  that  it  is  not  likely  to  have  carried  a  claw.  There  appear  to 
have  been  four  phalanges  in  the  fourth  digit ;  and  in  the  fifth  the 
number  cannot  be  satisfactorily  determined ;  but  there  do  not  appear 
to  have  been  more  than  three.  The  three  inner  digits  have  the 
proximal  surfaces  of  the  proximal  row  of  bones  in  the  same  line  ; 
but  the  two  outer  digits  look  as  though  placed  a  little  higher  up, 
which  is  in  accord  with  the  ordinary  Lizard  plan.  The  total  length 
of  the  longest  digit  as  preserved  is  about  9  millims. ;  and  the  total 
length  from  the  proximal  end  of  the  tibia  is  a  little  over  21  millims. 
It  will  thus  be  seen  that  the  tarsus  and  digits  differ  considerably 
from  those  indicated  by  the  animal  described  as  Hydrosaurus  lesi- 
nensis. 

It  is  of  course  with  this  type  that  the  present  specimen  must  be 
chiefly  compared  ;  and  the  form  and  proportion  of  the  dorsal  ver- 

tebrae, the  mode  of  articulation  of  the  ribs,  and  the  characters  of  the 
caudal  vertebrae,  especially  in  the  neural  spine  and  transverse  pro- 

cess, indicate  a  distinct  type.  The  pelvis  is  also  distinct,  while  the 
proportions  of  the  segments  of  the  limb  differ  in  as  remarkable  a 
way,  and  necessitated/placing  this  fossil  in  a  distinct  genus.  Though, 
from  the  imperfect  preservation  of  the  specimen,  its  more  important 
characters  remain  unknown,  it  may  be  conveniently  distinguished 
as  Adriosaurus  Suessii.  Its  affinities  need  the  assistance  of  more 
perfect  remains  for  their  elaboration. 

I  am  indebted  to  Prof.  Suess  for  the  opportunity  of  making  this 
ecord,  and  adding  another  species  to  the  Secondary  representatives 
f  the  lizard  group. 
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EXPLANATION  OF  PLATE  IV. 

Fig.  1.  Tail  of  Adrio&aurus  Suessii,  natural  size:  i,  ilium;  m,  femur. 
2.  Hind  limb,  from  right  side,  enlarged :  t,  tibia ;  /,  fibula ;  ts,  tarsus  ; 

mt,  metatarsus ;  i,  n,  in,  iv,  v,  digits. 

Discussion. 

Mr.  Hulke  said  that  he  had  no  doubt  that  the  species  described 
by  Prof.  Seeley  belongs  to  a  genus  distinct  from  Hydrosaurus.  He 
compared  the  former  with  the  Geckos  in  respect  of  their  having 
bony  scales. 

The  Author  stated  that  the  distinction  of  the  vertebras  had  been 
rendered  difficult  through  chemical  action.  He  doubted  as  to  the 
existence  of  scutes  in  the  specimen. 
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6.  On  the  Terminations  of  some  Ammonites  from  the  Inferior 
Oolite  of  Dorset  and  Somerset.  By  James  Buckman,  Esq., 
E.G.S.,  E.L.S.,  &c.    (Read  June  23, 1880.) 

During  the  progress  through  the  press  of  D'Orbiguy  s  '  Paleonto- 
logie  Erancaise,  "  Terrains  Jurassiques,"  I  was  busily  engaged  in  col- 

lecting the  fossils  of  the  Inferior  Oolite  and  Lias  in  the  neighbour- 
hood of  Cheltenham.  In  both  of  these  rocks  I  had  the  good  fortune 

to  find  a  somewhat  large  series  of  Ammonites,  the  greater  propor- 

tion of  which  I  could  readily  identify  from  D'Orbigny's  figures*. 
But  as  these  fossils  were  in  bad  condition,  especially  when  com- 

pared with  the  French  drawings,  I  was  at  first  almost  led  to  think 
that  these  latter  had  been  somewhat  unjustifiably  made  up  or,  as 

we  should  say  in  plain  English,  "  fudged." 
Thus,  in  reckoning  up  the  plates  of  admitted  Inferior  Oolite  Am- 

4  monites  in  the  '  Paleontologie  Erancaise, '  Yvre  find  them  to  be  thirty- 
eight,  out  of  which  no  less  than  twenty  species  (a  little  over  two 
thirds  of  the  list)  are  drawn  with  the  mouth  of  their  shells  more 
or  less  perfect ;  and  yet,  strange  to  say,  I  do  not  recollect  a  single 
example  of  their  Cotteswold  prototypes  having  occurred  to  me  in 
this  perfect  condition. 

Since  those  days  of  scepticism,  however,  D'Orbigny's  book  has 
become  my  constant  and  trusted  companion,  as  the  specimens  in 
our  Dorsetshire  list  of  Ammonites  appear  to  be  in  much  the  same 
condition  as  those  figured  by  that  talented  author. 

During  the  last  seventeen  years  my  lot  has  been  cast  in  the 
pleasant  county  of  Dorset ;  and,  curiously  enough,  the  farm  that  I 
have  occupied  is  situate  on  the  Inferior  Oolite ;  the  Halfway-house 
quarry  is  within  a  mile  of  my  own  residence  ;  whilst  a  quarry  in 
one  of  my  own  fields,  within  a  hundred  yards  of  my  house,  has 
proved  to  be  one  of  the  richest  in  England,  if  not  in  the  world,  in 
Oolitic  fossils,  and  especially  in  the  species  of  the  Cephalopoda 
and  Gasteropoda,  in  each  of  which  great  classes  we  may  safely 
reckon  as  many  as  from  sixty  to  seventy  species.  From  this  quarry 
and  the  surrounding  district,  there  have  been  determined  as  many 
as  twenty-eight  species  of  Brachiopoda ;  and  I  probably  possess 
nearly,  if  not  quite,  a  hundred  forms  of  Lamellibranchiata,  which, 
not  to  name  other  remains,  cannot  but  be  considered  as  a  goodly 
list. 

If,  again,  we  consider  that  the  greater  part  of  the  individuals  of 
these  lists  occur  in  a  bed  varying  from  2  to  3  feet  in  thickness, 
the  surprise  becomes  still  greater  ;  and  not  only  are  the  species  so 
numerous,  but  it  is  one  mass  of  specimens,  as,  instead  of  our  merely 
finding  an  Ammonite  here  and  there  (as  in  the  Cotteswolcls),  this  par- 

ticular bed  is  a  mass  of  them,  so  that  several  species  will  be  huddled 
together  in  a  small  space ;  and,  in  so  far  as  the  Ammonites  are 

*  The  part,  on  the  ':  Ceplialopodes  "  was  finished  in  1849. 
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concerned,  on  the  same  slab  will  be  representatives  of  several  of  the 
zonal  divisions  of  different  authors.  This  may  be  judged  from  the 
fact  that  on  the  surface  of  slabs  from  this  bed  other  Ammonites 
besides  the  following  have  been  noted. 

Ammonites  jurertsis,  Ziet. 
 Sowerbyi,  Miller. 
 Humphriesianus,  Sow, 
 Braikenridgii,  Sow. 
 linguiferus,  B  Orb. 
 Sauzei,  IX  Orb. 

Ammonites  Gervillii,  Sc 
 ■  Brongniarti,  Sow. 
 ■  subradiatus,  Sow. 
 ■  lgeviusculus,  Sow.. 
 discus,  Sow. 
 Parkinsoni,  Sow. 

Some  species  prevail  to  such  an  extent  that  hundreds  of  indivi- 
duals may  be  found  in  a  square  yard  of  the  bed,  one  species  prevail- 

ing at  one  quarry,  and  another  at  other  quarries. 
So  numerous  are  individuals  in  some  quarries,  and  so  varied  do 

they  seem,  that  it  is  hardly  possible  to  escape  the  conclusion  that  the 
family  must  have  hybridized  to  a  considerable  extent.  Anyhow, 
under  such  circumstances,  it  is  exceedingly  difficult  to  accurately 
define  species — much  more  so  than  in  the  Cotteswold  district,  where 
it  would  be  difficult  to  find  more  than  half  a  dozen  forms  in  a 
day. 

But  besides  this,  when  we  compare  the  Dorset  and  Somerset  Am- 
monites with  the  Gloucestershire  forms,  we  find  that  the  former 

are  usually  sharp  and  well  preserved,  while  the  latter  are  consider- 
ably rougher  and  more  fragmentary.  Thus  it  is  that  shells  with 

their  terminations  are  rare  in  the  latter  county,  while  with  us  they 
are  comparatively  common. 

The  specimens  laid  before  the  Society  are  a  sufficient  evidence  of 
this  fact ;  and  they  are  fast  increasing,  now  that  this  matter  is  being 
more  carefully  investigated,  the  truth  being  that  collectors  seem  to 
have  vied  with  each  other  in  squaring  up  the  mouths  to  make  them 
neat  and  tidy.  Many  among  them,  indeed,  would  cut  away  all  of 
the  outer  chamber,  preserving  only  the  inner  chambers,  which,  being 
more  or  less  filled  up  with  carbonate  of  lime,  were  said  to  be  alive, 
whilst  the  outer  one,  filled  up  with  indurated  mud,  was  pronounced 
to  be  dead,  and  so  was  removed  as  useless. 

But  not  only  do  we  find  our  Dorset  specimens  to  be  much  like 

the  French  ones  (as  figured  by  D'Orbigny)  in  condition  and  state  of 
preservation,  but  the  species  from  the  two  sides  of  the  Channel  are 

almost  identical :  thus  we  have  within  four  of  the  whole  of  D'Or- 
bigny's  figured  specimens  from  the  Inferior  Oolite  of  France. 

But,  besides  this,  there  are  several  species  in  our  own  Cephalopoda- 
bed,  now  admitted  to  be  high  up  in  the  Inferior  Oolite,  which 

D'Orbigny  has  allocated  to  the  Lias.  This,  we  take  it,  has  been 
mainly  due  to  the  fact  that  this  bed  has  been  confounded  with  the 
ene  at  the  base  of  the  Inferior  Oolite  in  Gloucestershire. 

In  this  list  are  the  following  : — 
Ammonites  insignis,  Schubl. 

 variabilis,  B  Orb. 
 Murchisonae  (?),  Sow. 
 discoides,  Ziet. 

Ammonites  Grermaini,  BOrb. 
 jurensis,  Ziet. 
 cornucopia,  Young  4"  Bird.  torulosus,  Schubl. 
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Now  as  to  the  forms  which,  up  to  this  time  we  have  found  with 
terminations  to  their  shells,  we  may  state  that  as  yet  we  have  only 
met  with  fourteen ;  but  it  happens,  as  a  rule,  that  the  species  so  dis- 

tinguished number  several  individuals,  though  some  three  or  foui 
of  them  have  only  yielded  single  specimens. 

Our  list,  then,  includes  the  following  species  : — 

Terminations. 

J  1.  Ammonites  concavus,  Sow. Lanceolate   \   2.  subradiatus,  Sow. 
[  3.  Edouardianus,  I>'  Orb. 
(  4.  Braikenriclgii,  Sow. 

Ovate-lanceolate  I   £  —  ̂ f]?^  M' or  spathulate,  ]    ̂   Martinsii,  If  Orb. 
\  8.  subcostatus,  JBuchnan,  MS. 

-pv  i  -i  •    i  i         f  9.  Gervillii,  Sow. 
Delphmulate,        1n  -r,         . '    .  a r  •  •     i       i  10.  TJroneniarti.  bow. semicircular.      -,,  T-  t>  '  7 [11.  Manseln,  Buckman. 

I  1 2.  Humpliriesianus.  Sow. 
"Waved  j  13.   ■  Moorei,  Lycett. |  14.  ■  boscensis,  Eegnes. 

Here,  then,  we  have  given  fourteen  species  of  Ammonites  with 
their  terminations  more  or  less  complete  ;  and  for  these  we  have  at- 

tempted to  make  a  provisional  classification. 
So  far  as  we  have  been  enabled  to  examine  these  more  complete 

specimens  of  Ammonites,  we  arrive  at  the  conclusion  that,  the 
terminations  to  the  shells  are  capable  of  greatly  aiding  in  the 
determining  of  species,  as  trimmed-up  examples  of  A.  linguiferus, 
with  their  broadly  oval  or  spathulate  mouths,  are  difficult  to  distin- 

guish from  A.  Humpliriesianus  ;  but  when  we  have  the  semicircular 
rugose  mouth  of  the  latter  for  comparison  with  the  former  the 
difficulty  vanishes.  Thus,  again,  the  lanceolate  termination  of  the 
discoid  A.  subradiatus  is  very  different  from  the  spathulate  or  ovato- 
lanceolate  ending  of  A.  subcostatus  (Buckm.) ;  and  yet  these  two  forms 
have  been  referred  to  one  species  by  different  authors. 

The  dephinulate  mouth  in  A.  Gervillii  is  a  complicated  ter- 
mination when  compared  with  the  plainer  semicircular  terminations 

of  A.  Brongniarti  and  A.  Humpliriesianus ;  and  yet  without  this 
knowledge  we  had  always  confounded  the  first  two  forms. 

Erom  these  remarks  it  seems  but  reasonable  to  conclude  that  the 

terminations  of  Ammonites  may  become  important  in  the  distinguish- 
ing of  species,  though,  from  what  we  have  seen,  their  preservation  is 

of  somewhat  rare  occurrence  ;  at  the  same  time  our  own  experience 
seems  to  point  to  the  fact  that  many  fine  examples  of  more  com- 

plete shells  have  been  lost  from  the  want  of  due  observation  upon 
the  subject.  We  may  further  mention  that,  with  the  vast  numbers 
of  Cephalopada  which  are  everywhere  around  us  and  which  are  so 
perfect  in  other  respects,  we  have  not  yet  seen  a  single  example  either 
of  Mhyncholites  or  Trigonellites.  Mr.  S.  P.  Woodward,  however,  has 
figured  an  Ammonite  with  the  operculum  from  Dundry*.  The  shell 

*  See  4  Geologist,'  vol.  iii.  p.  328. 
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is  referred  to  A.  subradiatus ;  but  it  is  very  different  from  that  which, 
is  now  recognized  by  this  name,— A.  Brightii,  which  it  is  said  to 
resemble,  being  an  Oxford-Clay  fossil,  while  the  Dundry  Oolite  is 
the  exact  equivalent  of  the  Dorset  Cephalopoda-bed.  I  hope  there- 

fore some  day  to  see  this  specimen  in  its  place  at  the  British  Mu- 
seum. 

I  now  proceed  to  pen  a  few  notes  on  these  fourteen  forms  which 
we  have  observed  to  present  more  or  less  perfect  terminations  to 
their  shells  ;  and  in  doing  so  I  would  express  the  hope  that  ere 
long  other  forms  will  be  met  with  to  enable  us  more  clearly  to  un- 

derstand the  value  of  a  more  complete  structure,  while  at  the 
same  time  it  may  not  be  too  much  to  express  a  hope  that  better 
specimens  may  yet  be  found  than  those  we  already  possess  or, 
through  the  kindness  of  friends,  have  had  access  to. 

i\OTES  OX  THE  SPECIES. 

Pig.  1. — Termination  of  Ammonites  concavus,  Soiu. 

1.  Ammoxites  coxcavtjs,  Sowerby,  pi.  94,  fig.  2.    (Fig.  1.) 

This  is  a  very  common  shell  in  the  Cephalopoda-bed  in  Dorset 
and  Somersetshire,  occurring  less  frequently  in  the  same  horizon  in 
Gloucestershire.  It  is  a  very  variable  shell ;  and  hence  its  syno- 

nyms are  unusually  numerous. 
In  this  district  we  have  usually  named  it  A.  sub?'adiatus ;  and  it  is 

here  only  retained  because  A.  concavus  was  figured  by  Sowerby  from 
a  specimen  obtained  from  this  neighbourhood. 
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Pig.  2. — Termination  of  Ammonites  subradiatus,  Sow. 

2.  A.  sebeadiatus,  Sow.  pi.  421.  fig.  2  ;  D'Orb.  pi.  118.  fig.  3  (now 
1  &  2) •  also  D'Orb.  pi.  129.  fig.  3.    (Fig.  2.) 

The  difference  insisted  npon  seems  to  be  that  in  A.  concavus  the 
curved  radii  are  seldom  branched,  whilst  in  A.  subradiatus,  the 
radii  are  either  branched  or  have  short  intermediate  ones  between 
the  longer  ones.  There  is,  however,  so  much  variation  in  this 
respect  that  we  still  hold  these  to  be  mere  varieties. 

We  have  now  several  complete  examples  of  the  termination  ;  but 
the  first  specimen  was  obtained  by  Captain  Kennedy  from  our  own 
quarry  so  perfect  that  it  might  have  sat  for  the  portrait  given  by 

D'Orbigny,  pi.  129.  fig.  3.  It  is  a  very  common  fossil,  and  in 
some  quarries  occurs  mixed  with  the  former  so  thickly  that  hun- 

dreds of  examples  could  be  got  in  a  day  :  and  yet  a  specimen  with  even 
the  base  of  the  termination  is  very  rare. 

3.  A.  Edouaedianus,  D'Orb.  pi.  130.  figs.  3-5. 
Is  found  sparingly  with  the  examples  just  quoted.  Our  two 

specimens  are  the  only  ones  we  have  meth  wit  in  the  Bradford- 
Abbas  quarry ;  and,  curiously  enough,  they  have  both  indications 
of  the  termination. 

4.  A.  Beaie^neidgii,  Sow.  Min.  Conch,  t.  184.  (Fig/3.) 

This  shell  was  figured  by  Sowerby  in  the  second  volume  of  Min. 
Conch.,  which  bears  date  1818  ;  the  specimen,  a  very  imperfect  one, 
was  from  Dundry,  near  Bristol.  In  his  description  he  has  the  fol- 

lowing remarks* : — 
"  Perfect  terminations  of  the  Ammonites  are  scarce.  I  have, 

however,  met  with  several  specimens  indicating  the  form  o£  the  lip ; 
but  none  of  them  exhibit  much  out  of  the  usual  way,  excepting 
some  French  ones  and  those  now  before  us  :  in  one  of  the  French 
specimens  the  aperture  is  much  contracted  by  the  lip  ;  in  another 

the  lip  forms  a  single  arched  lobe  slightly  bent  inwards." 
*  Min.  Conch.  yoI.  ii.  p.  187. 
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Fig.  3. — Termination  of  Ammonites  Braikenridgii,  Sow. 
a  b 

a.  From  the  side.  b.  From  the  front. 

Our  Cephalopoda-bed  is  on  the  same  horizon  as  the  bed  from 
which  the  Ammonite  just  quoted  was  obtained,  Dundry  being  the 
extreme  western  extension  of  the  Oolitic  system  which  prevails  in 
Dorset  and  Somerset,  which  latter  has  so  much  resemblance,  as  evi- 

denced by  fossils,  to  the  Inferior  Oolite  of  France. 
This  fossil  is  usually  found  most  abundantly  at  Clatcombe,  near 

Sherborne,  where  examples  with  the  curious  terminations  are  not 
uncommon  ;  and  it  illustrates  one  of  those  cases  in  which  a  different 
species  of  the  genus  occurs  at  one  quarry  from  that  which  prevails 
at  another.  It  is  occasionally  found  at  Bradford  Abbas,  where  the 
prevailing  Ammonites  are  A.  concavus  and  A.  Sowerbyi. 

The  terminations  in  this  species  are  among  the  most  perfect,  as 
well  as  the  most  frequently  met  with.  The  spathulate  projection 
varies  greatly  both  as  to  length  and  breadth. 

5.  A.  lixgtjiferus,  D'Orb.  pi.  136.  figs.  1  &  2. 
Has  a  neat  form  and  a  less  broad  spathulate  termination  than  the 

preceding,  though  closing  up  the  aperture  of  the  shell  more  by 
reason  of  its  beading  inwards.  It  is  thinner  in  the  whorls ;  and 
the  ribs  are  in  threes  at  the  back  of  the  shell,  uniting  into  one,  with 
a  tubercle  in  front.  Sometimes  there  is  an  intermediate  rib  between 

a  pair,  with  three-ribbed  vaultings. 
This  shell  is  by  no  means  so  frequent  as  A.  Braikenridgii,  but 

occurs  in  the  same  places,  intermixed  with  it. 

6.  A.  Satjzei,  D'Orb.  pi.  139.  figs.  1-3. 
The  termination  of  this  shell  is  much  like  the  former ;  but  its 

ribs  are  much  larger,  and  the  shell  broader.  It  is  also  inclined  to  be 
unsymmetrical,  and  has  but  few  whorls. 
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03 This  is  not  uncommon  with  the  termination  both  near  Sherborne 
and  at  Bradford  Abbas. 

These  three  last  species  are  admirably  figured  by  D'Orbigny  ;  and 
yet  we  are  happy  to  think  that  onr  Dorset  examples  are  quite  up 
to  the  perfection  of  the  French  ones. 

7.  A.  Martinsii,  D'Orb.  pi.  125.  figs.  1,  2. 
Is  not  uncommon ;  but  the  small  specimen  we  have  sent  is  the 

only  case  in  which  we  have  observed  the  terminal  lip.  It  seems  to 

have  been  the  first  lip  formed ;  and  if  fig.  3  of  D'Orbigny' s  plate 
represents  the  lip  of  an  older  specimen,  it  would  tend  to  show  that 
the  lips  vary  very  much  with  age.  Our  specimen  is  from  Bradford, 
where  the  species  is  not  uncommon. 

8.  A.  SUBCOSTATUS,  Buckman,  MS. 

This  shell,  from  near  Sherborne,  belongs  to  the  discoid  section  of 
Ammonites,  and  is  therefore  only  placed  here  on  account  of  its  spa- 
thulate  termination,  which  differs  so  much  from  that  of  the  shell 
with  which  it  has  been  confounded,  namely  A.  subradiatus. 

Probably  this  is  the  A.  subradiatus  of  D'Orbigny,  T.  J.  pi.  113. 
figs.  1  &  2. ;  but  if  so  it  differs  so  much  from  his  A.  subradiatus 
previously  referrred  to  that  we  feel  justified  in  proposing  a  fresh 
name  for  it.  Our  specimen  is  the  only  example  we  have  met  with 
with  the  termination  :  still  it  is  not  an  uncommon  fossil  near  Sher- 

borne, though  it  occurs  very  sparingly  at  Bradford  Abbas  and  Half- 
way House. 

Fig.  4. — Termination  of  Ammonites  Gervillii,  Sow. 

9.  A.  Gervillii,  Sow.  p.  184,  tab.  A.  fig.  3;  D'Orb.  pi.  140.. 
figs.  1-7.    (Pig.  4.) 

This  is  a  shell  with  a  very  curious  and  interesting  termination, 
which  we  have  named  delphinulate,  because  its  side  view  is  so  much 

like  that  of  the  head  of  the  classic  Dolphin.    Sowerby  says,  "This 
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species  occurs  in  a  marly  limestone  which  is  replete  with  grains  of 

iron  ochre.    It  is  from  Bayeux,  in  Normandy  "  *. 

Fig.  5. — Termination  of  Ammonites  Brongniarti,  Sow. 

10.  A.  Beongniarti,   Sow.  t.  184  A,  fig.  2;    D'Orb.  pi.  137. 
figs.  1-5.    (Fig.  5.) 

The  lip  of  this  shell  is  so  decidedly  distinct  from  the  preceding  that 
we  cannot  help  separating  them,  although  we  at  one  time  inclined 
to  a  different  opinion.  It  is  not  at  all  so  complicated,  hut  is  of  a 
semilunar  or,  rather,  semicircular  shape,  with  a  deep  depression  be- 

neath, but  without  the  elaborate  form  of  the  lip  of  A.  Gervillii.  It- 
is  met  with  at  Bradford  Abbas  and  other  places  near  Sherborne. 

11.  A.  Manselii,  Buekman,  n.  sp. 

Is  perhaps  related  to  the  A.-Broccldi  group  ;  but  the  fineness  of  its 
ribs  and  the  absence  of  tubercles  is  a  sufficient  distinction.  We 
have  in  one  single  example  the  usual  deep  depression  before  the 
terminal  semicircular  depression.  We  possess  several  examples  of 
this  shell  from  Bradford,  Chalcombe,  and  other  places  ;  but  only  the 
one  sent  is  an  example  of  the  termination. 

12.  A.  Humpheiesiantjs,  Sow.  t.  500.  fig.  1 ;  D'Orb.  pi.  133  &  134. 
(Fig.  6.) 

This  is  a  very  variable  shell,  sometimes  having  few  (perhaps  five) 
thick  whorls,  at  others  from  eight  to  ten,  exceedingly  slender  and 
delicate ;  yet  the  markings  are  the  same,  and  the  termination  of  both, 
starting  from  a  deeply  contracted  furrow,  is  simply  semilunar  in 
shape,  and  is  the  same  in  both  large  and  small  examples. 

This  is  a  common  shell  about  Sherborne,  but  is  rarely  met  with 
at  Bradford  or  Halfway  House. 

*  Sowcrby,  Min.  Conch,  vol.  ii.  p.  190, 
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Fig.  6. — Termination  of  Ammonites  Humphriesianus,  Sow. 

a.  From  the  side.  b.  From  the  front. 

13.  A.  Moorei,  Lycett,  <  The  Cotteswold  Hills,'  pi.  i.  figs.  2,  7. 
The  flexure  of  the  mouth  of  the  shell,  with  its  elegantly  curved 

line,  like  that  of  a  modern  Nautilus,  is  distinctive  of  this  shell.  It 
is  common  to  the  sandy  part  of  our  Oolite  below  the  usual  Cepha- 

lopoda-bed. The  mouth  is  simply  a  termination  of  a  flat  slightly 
ribbed  shell,  without  any  previous  depression.  It  is  a  common 
shell  in  the  limestone  bands  below  the  Cephalopoda-bed  ;  but  the 
specimen  sent  is  the  only  oue  in  which  we  have  observed  the  com- 

pletion of  the  mouth  of  the  shell. 

Fig.  7. — Termination  of  Ammonites  Moorei,  Lycett. 
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much  as  we  have  only  a  single  specimen.  This,  however,  is  from 
the  Cephalopoda-bed  of  Bradford  Abbas,  and  in  some  points  it  is  so 
much  like  the  A.  Moorei,  both  in  its  form  and  the  outline  of  the 
mouth,  that  even  now  we  must  confess  to  feeling  great  difficulty  in 
the  matter. 

Note. — Since  the  above  was  in  type,  we  have  found  other  species 
and  examples  with  terminations.  These,  with  the  new  forms,  will 
described  in  a  paper  now  preparing  for  the  Society 

Discussion. 

Mr.  Chaeleswoeth  called  attention  to  the  early  work  in  this 
direction  of  the  late  Mr.  Chaning  Pearse,  who  studied  the  Ammo- 

nites of  the  Oxford  Clay  of  Christian  Malford.  That  author  was 
led  to  believe  that  the  peculiar  prolongations  of  the  mouth  were 
periodically  absorbed  and  reproduced. 
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7.  On  Abnormal  Geological  Deposits  in  the  Bristol  District. 

By  Charles  Moore,  Esq.,  E.G.S.    (Read  November  17,  1880.) 

In  making  excavations  at  Eedland,  on  the  edge  of  Durdham  Down, 
about  45  years  ago,  some  conglomerates,  associated  with  Carboni- 

ferous Limestone,  were  opened  up,  which  contained  the  teeth  and 
scattered  and  broken  bones  of  reptilia,  described  by  Messrs.  Biley 

and  Stuchbury  in  the  '  Proceedings  of  the  Geological  Society '  for 1836  under  the  names  of  Thecodontosaurus  and  Palceosaurus.  As 
they  were  then  the  oldest  known  reptilia  and  of  a  high  order,  much 
interest  has  always  attached  to  them.  A  few  years  since,  in  drainage- 
works  at  the  same  spot,  this  conglomerate  was  again  crossed,  and 
some  other  bones  added  to  the  series  deposited  in  the  Museum  of  the 
Bristol  Philosophical  Society.  The  collection  has  since  been  reviewed 
and  described  by  Professor  Huxley,  E.B.S.  *,  and  an  account  of 
the  physical  characters  of  the  district  given  by  Mr.  Etheridge, 
E.B.S.  t 

Much  uncertainty  has  prevailed  as  to  the  geological  age  of  the 
Durdham-Down  conglomerate.  At  first  it  was  supposed  to  be  Per- 

mian ;  but  we  have  as  yet  no  conclusive  evidence  of  true  Permian 
beds  in  the  West  of  England.  Mr.  Etheridge  has  placed  it  on  the 
horizon  of  the  Dolomitic  Conglomerate  of  the  Keuper  ;  whilst,  owing 
to  the  discovery  by  myself  of  the  same  genera  of  reptilia,  under 
somewhat  similar  physical  conditions,  in  the  Ehsetic  deposits  of 
Holwell,  and  since  then  of  true  Ehsetic  remains  on  Clifton  Down,  I 
had  referred  them  to  the  latter  age — a  point  to  be  reviewed  below. 

In  my  paper  on  the  abnormal  conditions  presented  in  the  Erome 
district  I  especially  described  numerous  Secondary  unconformable 
deposits  and  vein-fissures  resting  upon  or  passing  down  through 
the  Carboniferous  Limestone,  some  of  them  having  organic  remains 
whereby  they  could  be  referred  to  different  geological  periods. 
Since  then  I  have  discovered  several  other  features  of  interest  at 
Holwell ;  and  as  the  phenomena  of  this  district  will  serve  as  a 
key  to  unlock  hitherto  unnoticed  physical  conditions  in  the  geo- 

logy of  the  Bristol  area  and  some  of  the  palaeontology  connected 
therewith,  it  will  be  desirable  first  shortly  to  notice  the  special  fea- 

tures presented  near  Erome. 
The  Carboniferous  Limestone  has  here  its  last  south-eastern  ex- 

posure before  being  entirely  covered  up  by  Secondary  deposits,  and 
is  to  be  seen  in  very  narrow  ravines  at  the  Yallis,  Elm,  Mells,  What- 
ley,  Nunney,  and  Holwell.  The  prettiest  combe  is  that  of  the  Yallis, 
from  which,  at  its  northern  end,  bifurcates  that  which  passes 
to  Elm  and  Mells.  At  the  entrance  to  the  Yallis  at  Hapsford  the 
first  sections  show  irregularly  bedded  Ehsetic  conglomerates  resting 

*  "  On  the  Classification  of  the  Dinosauria,  with  observations  on  the  Dino- 
sauria  of  the  Trias,"  Quart.  Journ.  Geol.  Soc.  vol.  xxvi.  (1870)  p.  32. 

t  "On  the  Geological  Position  and  Geographical  Distribution  of  the  Kep- 
tilian  or  Dolomitic  Conglomerate  of  the  Bristol  Area,"  Quart.  Journ.  Geol. 
Soc.  vol.  xxvi.  (1870)  p.  174. 

e2 
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in  depressions  on  the  edges  of  the  inclined  Carboniferous  Limestone. 
They  are  separated  by  thin  blue  clays  with  Avicula  contorta  and 
also  Distinct  Babiana.  I  have  no  doubt  they  would  yield  important 
vertebrate  remains,  as  I  found  a  very  perfect  Dinosaurian  vertebra ; 
but,  unfortunately,  these  beds  have  not  been  worked  for  some  years. 
Vertical  mineralized  infillings  are  present,  passing  down  through  the 
Carboniferous  Limestone  in  this  section.  In  the  southern  corner,  but 
occupying  a  higher  position  than  these  conglomerates,  there  is  a 
patch  of  close-grained  cream-coloured  limestone  undistinguishable 
from  the  White  Lias ;  but  it  has  yielded  me  no  trace  of  organic  re- 

mains. The  deposits  of  one  section  usually  differ  from  those  in 
another,  or  die  out  altogether,  although  they  may  be  in  close  proxi- 

mity. Eor  instance,  in  the  next  quarry  the  conglomerate  is  a  single 
thick,  dense  bed,  with  pebbles  united  by  calcareous  matrix,  in  which 
are  occasional  nests  of  Estheria  minuta  and  insects,  whilst  above  are 
a  few  inches  representing  the  Lower  Lias,  capped  by  about  10  feet  of 
Inferior  Oolite. 

In  addition  to  the  unconformable  Secondary  deposits  which  lie  on 
the  Carboniferous  Limestone,  a  special  feature  of  the  latter  formation 
is  the  many  vertical  fissures  passing  down  through  it,  with  infillings 
containing  Secondary  remains,  or  those  of  a  still  later  age.  In  the 
Vallis  these  veins  are  best  seen  in  the  face  of  a  large  quarry  at  Egg- 
ford,  where,  in  addition  to  several  smaller  ones,  the  workings  are 
bounded  by  veins  at  both  ends,  that  on  the  north  being  of  some 
thickness,  and  showing  a  vertical  side  about  50  feet  in  height,  where 
it  meets  a  patch  of  Inferior  Oolite.  The  matrix  of  this  vein  is  Liassic  ; 
and  numerous  organisms  may  be  traced  in  it.  All  the  veins  are  much 
mineralized,  and  contain  sulphate  of  barytes  in  concretionary  layers, 
with  occasional  traces  of  galena  and  blende.  At  Elm  and  at  JNunney 
haematite  iron-ore  has  been  extracted  ;  at  the  latter  place  in  close 
proximity  to  a  deposit  of  Inferior  Oolite. 

The  hamlet  of  Holwell  occupies  a  depression  at  the  southern  end 
of  the  Yallis  gorge,  and  is  on  every  side  surrounded  by  sections 
which,  if  looked  down  upon  from  a  little  distance,  without  closer 
inspection,  would  appear  to  most  geologists  to  be  entirely  composed 
of  Carboniferous  Limestone.  The  road  from  Erome  to  Shepton 
Mallet  passes  through  this  spot,  and  crosses  the  little  stream  from 
which  the  hamlet  is  named.  On  the  eastern  side  are  two  quarries  I 
have  already  described*,  viz. : — that  of  the  Marston  road,  in  which, 
within  a  few  yards,  are  present  stratified  Inferior  Oolite,  Liassic  con- 

glomerate (with  many  organisms),  and  a  thin  band  of  Rhsetic  clay,  all 
resting  on  Carboniferous  Limestone,  with  a  thick  vein  filled  with  calc- 
spar  in  their  midst ;  and  also  a  large  quarry  below,  with  a  face  pa- 

rallel to  the  stream,  in  which  are  to  be  seen  many  vertical  dykes, 
some  with  Rhaetic  and  others  with  Liassic  organisms  f .  They  present 
much  mineralogical  variety ;  and  the  somewhat  impure  limestone 

*  "  Abnormal  Conditions "  &c,  Quart.  Journ.  Geol.  Soc.  vol.  xxiii.  (1867) 
p.  483. 

t  A  section  of  this  has  been  given  in  "Abnormal  Conditions"  &c,  Qitart. Journ.  Geol.  Soc,  1867,  p.  484. 



DEPOSITS  IN"  THE  BRISTOL  DISTRICT. 69 

within  the  veins  shows,  hy  its  frequently  being  in  very  thin  laminae, 
that  it  has  been  deposited  slowly.  It  is  desirable  to  bear  in  mind, 
whilst  comparing  the  same  facts  in  the  Bristol  district,  that  in  the 
quarries  above  noticed  the  limestone  of  these  Secondary  mailings  is 
often  left  standing  out  as  butresses  by  the  workmen,  whilst  they 
work  back  between  them  for  the  purer  Carboniferous  beds. 

Postpliocene,  Liassic,  and  Bhcetic  Deposits.  The  Microlestes- 
Quarry. — On  the  Shepton  road,  immediately  west  of  the  hamlet, 
there  is  a  large  quarry  on  each  side  facing  the  road.  The  first, 
on  the  south,  is  the  Micro  Testes-  quarry ;  in  the  other,  inclined 
Carboniferous  Limestone  has  been  worked  between  thick  veins  of 
Middle  Lias,  the  matrix  of  which  occasionally  showed  carbonate  of 
lead  and  barytes.  The  rubbish-tippings  from  the  limekiln  have 
since  obliterated  these  points  ;  but  I  have  preserved  them  in  pho- 

tographs. It  is  probable  that  all  the  veins  on  this  side  of  the 
hamlet  differ  from  and  are  to  the  south  of  those  in  the  large 
section  east  of  the  river. 

In  my  former  examinations  of  the  M icrolestes- quarry  I  was  told 
by  the  workmen  that  they  had  occasionally  crossed  a  fissure  down 
which,  by  the  aid  of  a  rope,  a  man  might  descend ;  but,  as  it  was 
becoming  dangerous,  it  was  filled  up.  Prom  this  I  have  suspected 
the  presence  of  a  Postpliocene  cavern  at  the  spot;  but  although  it 
has  not  been  found,  they  have  worked  back  upon  a  vein  filled  with 
bones,  which  I  have  little  doubt  may  be  connected  with  one.  It  is 
about  a  foot  in  thickness,  and,  like  all  the  other  fissures  and  their 
infillings,  appears  to  have  its  own  special  individuality.  Like  an 
ordinary  mineral  vein,  the  walls  have  vertical  mineralized  layers,  the 

innermost  being  large  crystals  of  dog's-tooth  spar.  Towards  the  top 
there  are  angular  pieces  of  Carboniferous  Limestone,  which  below 
give  place  to  material  composed  of  about  one  third  of  brown  marl, 
crystals  of  carbonate  of  lime,  and  dismembered  jaws  and  bones  of 
Arvicola  and  frogs,  with,  rarely,  small  vertebras  of  birds  and  fish. 
The  jaws  of  Arvicola  are  very  numerous,  whilst  their  vertebras  and 
other  bones  are  scarce.  They  appear  to  belong  to  A.  arvalis  or  A. 
saxatilis.  Bones  of  the  larger  mammalia,  though  few,  including  ox 
and  deer,  were  found.  Amongst  them  was  found  a  tooth  not  to  be 
distinguished  by  itself  from  a  human  incisor ;  but  the  subsequent 
discovery  of  the  remains  of  wolf  leads  to  the  inference  that  it  may 
belong  to  that  animal,  the  difference  in  the  incisors  being  with  diffi- 

culty distinguished.  Several  Rhaetic  teeth,  showing  from  their  worn 
condition  that  they  are  derived,  and  a  few  Carboniferous-Limestone 
corals  and  shells  are  mixed  with  the  above,  as  well  as  pebbles  of 
haematite  and  bog-iron  ore. 

The  deposit,  with  its  Rhaetic  remains,  was  in  a  north-and-south 
fissure  a  little  west  of  the  above ;  but  it  is  now  all  but  exhausted. 
Without  reference  to  other  mineralized  veins  in  which  no  organisms 
have  been  found,  it  will  be  seen  that  at  Hoi  well  alone,  and  in  the 
line  of  a  single  quarry  of  but  a  few  hundred  feet  length,  Post- 

pliocene, Liassic,  Rhaetic,  and  Carboniferous-Limestone  formations  are 
represented.    These  later  deposits  are  the  rule,  not  only  where  they 
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fringe  the  outcrop  of  the  older  rocks,  but  high  up  on  their  table- 

lands, as  in  the  case  of  the  Charterhouse  lead-mine,  near 
Cheddar. 

The  Bristol  Area. 

Before  proceeding  with  a  description  of  the  Bristol  area  and 
comparing  it  with  the  above,  it  is  desirable  I  should  advert  to  a  new 
palseontological  feature  which  hitherto  has  not  attracted  any  atten- 

tion, in  the  presence  of  a  multitude  of  minute  Serpula-Mke  calcareous 
tubes  found  in  various  deposits  under  examination.  Tears  ago  I 
noticed  them  in  the  freshwater  brick-earth  of  Salisbury,  which  is  of 
Postpliocene  age,  and  put  them  aside  as  minute  Serpulce ;  but  after- 

wards learning  that  all  species  of  this  family  are  marine,  I  thought 
they  might  possibly  be  analogous  to  caddis-cases,  and  belong  to  some 
insect.  When  they  were  afterwards  found  in  enormous  numbers, 
and  under  many  diverse  circumstances,  I  saw  the  desirability  of 
learning  more  about  them,  and  sent  them  to  friends  who  were 
authorities  in  special  departments  of  natural  history  for  their 
opinions,  at  the  same  time  describing  the  circumstances  under  which 
they  were  found.  Without  mentioning  names,  it  proved  a  "  pursuit 
of  knowledge  under  difficulties."  First,  they  were  doubtfully  re- 

ferred to  the  cases  of  some  Dipterous  insect ;  and  if  not  such,  it  would 
be  worth  considering  if  they  were  Serpulce.  An  entomologist  decided 
that  they  were  not  insect-tubes  ;  a  good  microscopist  was  of  opinion 
they  were  the  calcareous  cases  left  by  rootlets  of  vegetation  passing 
down  from  the  surface  ;  next,  an  eminent  zoologist  intimated,  with 
some  uncertainty,  that  they  somewhat  resembled  the  genus  of  Ser- 
pulidse,  Filograna ;  then  a  good  botanical  friend  and  microscopist 
pronounced  them  to  be  vegetable ;  upon  which  I  sent  them  to  a 
first-class  botanical  expert,  who  was  of  opinion  they  had  nothing 
to  do  with  vegetables,  and  that  he  had  consulted  a  zoological  friend, 
who  also  believed  they  were  worm-tubes  allied  to  Annelids,  and 
that  again  they  presented  some  resemblance  to  Filograna. 

They  are  to  be  found  very  abundantly  in  some  of  the  vein- 
fissures  of  the  Carboniferous  Limestone  (to  be  referred  to  hereafter) 
in  the  Bristol  district,  and  also,  though  not  in  such  numbers,  in 
some  of  the  later  stratified  marls.  My  impression  is  that  they 
are  due  to  freshwater  conditions,  and  that,  though  they  may  not 
be  rootlets  which  have  passed  down  from  the  surface  (some  of 
them  being  found  under  conditions  apparently  precluding  this  idea), 
yet  they  may,  notwithstanding,  be  due  to  freshwater  vegetation. 
They  are  sometimes  free,  but  often  in  clusters  united  by  the  ma- 

trix of  the  deposit.  It  will  be  desirable  to  determine  their  syste- 
matic position,  as  they  will  have  a  bearing  on  the  age  and  other 

conditions  of  the  deposits  in  which  they  are  found.  I  propose 
that  they  should  be  recognized  under  the  designation  of  Tubutella 
ambigua. 

Durdham  and  Clifton  Doivns. — I  now  propose  to  show  that  the 
same  physical  conditions  prevail  at  Durdham  Down  and  at  various 
outlying  spots  near  Bristol,  as  in  the  Frome  district.    The  area  to 
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be  first  noticed  will  be  that  embraced  in  the  southern  escarpment  of 
the  Carboniferous  Limestone,  extending  from  Kedland,  its  eastern 
end  at  Durdham  Down,  to  the  suspension-bridge  at  Clifton,  over- 

looking the  river  Avon  on  the  west. 
Near  the  Old  Black  Boy  inn,  just  under  the  edge  of  Durdham 

Down,  there  are  places  known  as  The  Quarry  and  The  Quarry 
Steps  (see  fig.  1).  Standing  on  the  latter,  we  look  down  into  a  large 
excavation,  which  must  have  been  formerly  extensively  worked  for 
stone,  but  is  now  occupied  by  small  houses  and  gardens,  most  of  which 
are  probably  a  century  old.  One  of  these  houses  is  close  under  the 
flight  of  steps  leading  to  The  Quarry,  and  has  been  built  against  a 
natural  vertical  wall  of  mottled  red  or  yellow  unstratified  limestone, 
differing  altogether  in  colour  and  texture  from  the  grey  Carboniferous 
Limestone  of  the  district,  by  which,  on  either  side,  it  is  bounded.  It 
is  about  8  feet  in  thickness,  and  may  be  traced  on  the  east  side  of 
the  excavation  by  its  brighter  colouring  ;  and  there  is  no  doubt  that 
it  continues  into  the  limestone  of  Durdham  Down  immediately  above. 
As  was  the  case  with  the  workings  on  the  Mendips,  the  old  quarry- 
men  here  extracted  the  purer  limestone,  leaving  the  impurer  some- 

what conglomeratic  infillings  standing  out,  and  terminated  their 
quarry  on  the  east  by  this  large  dyke.  As  it  has  not  been  opened 
up,  little  examination  could  be  given  to  it  for  organic  remains,  which, 
from  its  close  proximity  to  the  Thecodont  deposit,  would  have  been 
desirable ;  but  that  some  are  present  therein  is  sufficiently  indicated 
by  the  fact  that,  after  examining  a  few  pounds  weight  of  the  softer 
material  taken  from  the  interstices  or  sides  of  the  vein,  I  obtained 
numerous  minute  fragments  of  bone  or  teeth,  one  very  small  fish- 
tooth,  an  Echinus- spine,  a  few  joints  of  Carboniferous-limestone 
Encrinites,  and  some  of  the  tubes  previously  referred  to. 

The  platform  of  the  Quarry  Steps  rests  upon  the  surface  of  the 
above  dyke.  Looking  from  it,  along  the  Down  escarpment  to  the 
west,  the  eye  takes  in  Bellevue  Terrace,  on  the  edge  of  the '  Down  ; 
and  it  was  between  these  houses  and  the  quarry,  a  distance  probably 
of  200  yards,  along  the  same  face  of  limestone  and  on  the  same 
horizon,  that  the  deposit  containing  the  Thecodontosaurian  remains 
was  found.  Unfortunately  the  precise  spot  is  unknown  ;  and,  from 
its  being  built  over,  there  is  not  much  hope  of  its  being  again 
identified. 

My  late  friend,  Mr.  W.  Sanders,  P.R.S.,  of  Clifton,  gave  me,  some 
years  ago,  a  sketch  showing  the  conglomerate  on  the  edge  of  the  lime- 

stone, with  what  was  then  considered  to  be  ]Sfew  Red  Sandstone  at  its 
base  (fig.  2);  and  it  is  significant  that  he  does  not  so  much  represent 
it  as  a  basin -shaped  depression  in  the  limestone  as  indicate  a  deposit 
following  the  slope  of  the  escarpment,  similar  to  the  case  of  a  vein 
the  top  of  which  was  opened  up,  but  from  which  the  limestone  still 
resting  below  against  its  side  had  not  been  removed.  Mr.  Sanders 
also  marks  the  spot  where  the  reptilian  bones  were  supposed  to  be 
found. 

At  the  time  "when  these  reptilia  were  discovered,  the  peculiar 
conditions  of  deposition  I  have  indicated  were  unknown.    In  the 
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Fig.  2.  Sketch  Section  of  the  Thecodontosaurus-6ei  of  Durdham 

Down.    (Drawn  by  W.  Sanders,  Esq.,  F.R.S.) 

a.  Conglomerate  of  New  Red  Sandstone. 
b.  Locality  of  Thecodontosaurus.  c.  New  Red  Sandstone. 
d.  Carboniferous  Limestone. 

section  described  below,  which  embraces  a  line  of  working  from  the 

Quarry  Steps  to  a  large  quarry  which  I  call  the  "  Avenue  Quarry  " 
(from  its  being  immediately  north  of  the  Avenue  Road),  a  distance 
all  together  of  about  680  yards,  I  shall  show  the  presence,  as  at  Hol- 
well  and  elsewhere,  of  a  series  of  veins  with  infiilings  derived  from 
different  geological  ages  ;  and  my  interpretation  of  the  reptilian 
deposit  therefore  is  that  it  is  one  of  such  a  series  in  Carboniferous 
Limestone,  by  which,  on  both  sides,  it  is  surrounded. 

Durdham  Down  Section. — From  the  Quarry  Steps  to  the  end  of 
Bellevue  Terrace,  within  which  area  the  reptilia  were  found,  is  about 
300  yards.  Until  lately  these  were  the  last  houses  fringing  the  Down 
to  the  west ;  and  there  then  stood  up  by  itself,  like  a  wall,  a  large 
vein-infilling  (the  limestone  having  been  worked  up  to  it  on  both 
sides;  separating  the  garden  of  the  last  house  from  an  adjoining 
quarry.  Other  buildings  have  now  occupied  the  line  of  the  quarry, 
covering  up  four  smaller  veins  ;  but  the  one  above  referred  to,  from 
14  to  16  feet  in  thickness,  is  still  utilized  as  a  boundary  between  the 
gardens.  It  has  the  same  general  lithological  character  as  that  at 
Quarry  Steps,  but  has  occasionally  small  pockets  of  iron-ore,  and  is 
more  mineralized.  I  purposed  to  examine  these  veins  closely  for 
organisms,  but  have  been  prevented. 

Passing  along  the  roadway  from  this  quarry,  the  next  vein  seen 
was  one  containing  haematite  iron-ore,  at  its  thickest  about  16  feet. 
It  had  been  worked  up  to  the  roadway  on  the  edge  of  the  Down. 
At  my  last  visit  this  also  was  being  filled  up,  and  a  house  built 
across  it. 

Alluvial  Veins  with  Liassic  and  fthmtic  Remains. — For  about 
200  yards  from  the  iron-ore  vein  the  limestone  has  been  unworked. 
Following  the  road  to  a  spot  near  the  ventilating-shaft  of  the 
Avonmouth  Railway,  an  archway  facing  the  road  leads  into  the 
Avenue  Quarry,  which  presents  some  interesting  features.  For 
many  years  a  lump  of  seemingly  stratified  yellow  marl  had  been  left 
in  the  bottom  of  the  quarry,  the  limestone  having  been  worked 
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around  it.  Its  presence  often  puzzled  me ;  but  there  is  little  doubt 
that  it  is  due  to  an  alluvial  infilling  into  a  small  limestone  cavern, 
and  is  connected  with  one  of  three  thin  veins  of  alluvial  material 

■which  are  present  in  this  quarry.  A  cavern  was  many  years  ago 
discovered  on  the  Down,  containing,  amongst  other  things,  the 
remains  of  Hippopotamus,  which  are  now  in  the  Bristol  Museum. 

These  three  veins  are  filled  with^  an  ochreous  or  brown  clay,  which, when  critically  examined  in  its  natural  condition,  appears  to  differ 
slightly  in  character  in  each,  as  though  they  might  have  received 
their  infilling  at  somewhat  different  times  ;  still,  to  save  labour  in  the 
examination  of  their  contents,  they  were  mixed  together.  Their 
organic  remains  are  very  varied,  and  not  less  so  their  mineral  con- 

stituents. Their  Postpliocene  or  still  later  age  is  indicated  by  the 
presence  in  them  of  frequent  portions  of  the  incisor  teeth  of  Arvicola, 
and  a  single  shell  of  Helix.  Although  all  the  remains  are  rare,  those 
from  the  Lower  Lias  are  most  abundant.  These  consist  of  young 
forms  of  Ammonites  of  two  species,  Myacites  and  Astarte,  Cylindrites 
and  portions  of  three  other  univalves,  a  Pentacrinite-stem,  and  a 
single  valve  of  an  Entomostracon.  There  are  teeth  and  scales  of 
fishes,  and  a  fragment  of  bone  which  may  be  either  Liassic  or  BJisetic. 
The  interesting  presence  of  Bhsetic  remains,  however,  is  shown  by 
teeth  of  Saurichthys  and  Lophodus  and  a  small  palate  identical  with 
species  from  Holwell.  Some  of  the  teeth  are  bleached  and  worn  by 
water-erosion.    The  little  calcareous  tubes  accompany  them. 

The  residue  of  these  veins,  after  washing,  shows  a  great  abund- 
ance of  black  pisolitic  granules.  The  following  analysis  of  its 

mineral  contents  has  been  obligingly  made  by  Mr.  Gatehouse,  City 
Analyst  of  Bath  : — 

Soluble  in  acids : 

"Water   7'80 
Calcium  carbonate   20-50 
Magnesium  carbonate   0*73 
Oxide  of  iron  ,   6*50 
Zinc  carbonate  (calamine)   0*54 
Manganese  dioxide   0*50 
Lead-sulphide  (galena)   . .  . .  „   0'90 
Silica    8-16 
Alumina   2*60 
Potassium    0-07 

48-30 

Insoluble  in  acids : 

Calcium  sulphate.   0*39 
Silicate  of  zinc    0-25 
Oxide  of  iron  (insoluble)    6-55 
Alumina              „   10*45 
Silica                 „    33-70 
Copper    .  ,   trace 

99-64 
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Liassic  Vein. — The  working  of  the  limestone  in  this  quarry  has  ter- 
minated on  the  western  side  against  a  vein  from  10  to  12  feet  thick, 

which  has  received  an  infilling  of  yellow  clay  of  an  entirely  different 
lithological  character  from  those  last  mentioned.  So  far  as  the  evi- 

dence goes,  it  is  apparently  a  vein  of  true  Lower  Lias,  with  occa- 
sional weathered  blocks  of  Carboniferous  Limestone.  All  the  remains 

found  are  Liassic,  and  consist  of : — 
Teeth  and  scales  of  fishes. 
Ammonites  (young). 
Univalves  (several  species). 
Astarte. 
Modiola. 
Lima. 
Cardium 

Gryphgea. Terebratula. 
Cidaris  (teeth,  plates,  and  spines). 
Pentacrinites. 
Cristellaria. 
Webbina. 

All  the  phenomena  I  have  mentioned,  from  the  Quarry  Steps  to 

the  Avenue  Quarry,  are  embraced  in  less  than  half  a  mile.  "Without 
including  the  Reptilian  deposit,  eleven  veins  are  shown  to  be  pre- 

sent ;  and  but  for  a  considerable  part  of  the  edge  of  the  Down  being 
covered,  no  doubt  many  others  would  have  been  seen. 

The  Illicttic  Bone-led. — There  are  no  workings  between  the 
Avenue  Quarry  and  the  neighbourhood  of  the  Clifton  suspension- 
bridge.  The  road  to  the  latter  is  cut  through  Carboniferous  Lime- 

stone containing  many  veins,  which  are  usually  filled  with  calc-spar 
and  other  mineralized  matter.  Looking  towards  the  Observatory, 
there  are  two  veins.  One,  filled  with  limestone,  has  been  left  boldly 
standing  up  by  the  quarrymen ;  but  nothing  can  be  said  of  its  age. 
Close  to  the  toll-house,  however,  on  the  Clifton  side,  there  is  a 
deposit  of  considerable  interest,  having  a  face  of  about  forty  feet,  in 
which  the  Rhsetic  bone-bed  and  its  associated  remains  are  present. 
It  is  partly  composed  of  irony  and  yellow  sandy-looking  marl, 
with  many  free  crystals  of  carbonate  of  lime,  as  in  the  Holwell 
fossiliferous  infilling ;  and  there  are  also  patches  of  finely  laminated 
rock,  similar  to  the  Rhsetic  "White  Lias."  Some  of  the  associated 
blocks  of  stone  appear  to  be  fossiliferous  ;  but  as  the  deposit  forms  the 
boundary- wall  of  the  toll-house,  they  cannot  well  be  broken  down 
for  examination.  The  bone-bed  is  two  inches  thick,  with  teeth  of 
SauricWiys  apiccdis,  Loplxodm  minimus,  and  many  fish-scales ;  and 
the  clay  on  either  side  contains  fish-remains  of  the  same  age. 

In  Professor  Ramsay's  '  Physical  Geology  and  Geography  of 
Great  Britain,'  he  has  given  a  very  pretty  sketch  of  the  Gorge  of  the 
Avon,  with  the  Suspension-bridge  and  its  beautiful  scenery,  which, 
through  the  kindness  of  Prof.  Ramsay  and  of  Mr.  Stanford,  the  pub- 

lisher, I  am  permitted  to  use  (fig.  3).  Curiously  enough,  it  includes 
the  Rhsetic  bone-bed,  and,  on  the  shoulder  of  limestone  looking  down 
the  river  on  the  east,  the  conglomerate  mentioned  below.  The  Car- 

boniferous Limestone  dips  rapidly  to  the  south  under  the  Bedminster 
coal-beds,  and  disappears  under  beds  of  New  Red  Sandstone.  A 
lighter  line  in  the  sketch,  between  the  eastern  abutment  of  the  bridge 
and  the  houses  on  the  level  of  the  roadway,  with  the  Observatory 
seen  beyond  it  in  the  distance,  shows  the  exact  position  of  the  Rhsetic 
deposit. 
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Fig.  3. —  Gorge  of  the  Avon  at  Clifton. 

Before  referring  to  other  outlying  sections  near  Bristol,  it  may- 
be noticed  that  although  the  true  New  Red  Marls  are  present 

around,  the  red  and  variegated  marls  which  lie  on  the  east  of  the 
basin  between  the  Durdham-Down  and  Clifton  escarpment,  and 
extend  towards  Bristol,  are  alluvial.  They  have  been  opened  up  in 
brick-pits  repeatedly,  as  well  as  the  conglomerates  below.  From 
the  former,  after  long  search,  I  obtained  several  small  bits  of  Inferior 
Oolite  and  fragments  of  shells  of  Ostrea.  The  conglomerates  are 
bedded,  and  are  usually  extracted  on  the  site  of  each  building 
erected ;  and  although  hundreds  of  thousands  of  tons  have  been  so 
used,  I  have  never  detected  any  contemporaneous  organism,  in 
them,  nor  have  I  heard  of  such  having  been  found.  They  get  coarser 
and  more  irony  as  they  approach  the  limestone  below ;  and  in 
several  sections  its  rugged  surface  has  received  pockets  of  haematite 
iron-ore.  The  pebbles  are  comparatively  small  and  angular,  and 
give  the  idea  that  they  may  be  due  to  a  subaerial  denudation  of  the 
Carboniferous  tableland  above. 

Conglomerate  of  the  Avon  Gorge. — Passing  down  the  river,  not  far 
below  the  Suspension-bridge,  the  "  Dolomitic  Conglomerate,"  of 
which  Mr.  Etheridge  has  given  a  section,  is  reached.  It  rests  on 
the  edge  of  the  Carboniferous  Limestone  at  the  side  of  the  road 
leading  up  to  the  Down,  and  is,  as  a  friend  has  remarked,  "  a 
gigantic  heap  of  conglomerate  "  with  pebbles  of  great  size  at  the 
base,  getting  gradually  smaller  at  the  top.  It  is  very  irony,  and 
appears  to  occupy  but  a  small  area.    Some  red  maris  gathered  from 
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the  sides  and  interstices  of  the  deposit  yielded  me  part  of  a  fish- 
palate,  which  is  probably  of  Carboniferous-limestone  age,  and  great 
numbers  of  Encrinital  stems,  a  comparatively  recent  freshwater 
operculum,  and  numerous  examples  of  Tubutella.  Whatever  may  be 
the  age  of  this  deposit,  groups  of  the  latter  are  usually  surrounded 
by  an  irony  matrix  which  seems  part  thereof. 

Vein  at  Ashton. — On  the  west  side  of  the  Avon,  about  a  mile 
beyond  Ashton,  considerable  deposits  of  iron-ore  occur  ;  but  I  have 
been  unable  to  examine  them.  They  lie  at  the  foot  of  the  lime- 

stone escarpment.  On  the  tableland  above  them,  at  Longwood 
Farm  there  are  disturbed  Carboniferous  Limestones,  in  which  a 
vein  occurs  containing  occasional  lumps  of  galena  and  some  ca- 

lamine. Tubutella  is  present  in  great  abundance.  The  upper 
part  of  this  vein  is  somewhat  honeycombed  ;  and  the  tubes  are 
found  adhering  to  thin  flakes  of  calc-spar.  Xo  other  organisms 
were  found  at  this  spot. 

Wesibury-on-Trym — Carboniferous  Limestone  with  Minerals  and 
Oolitic  Remains. — On  passing  from  the  Durdham-Down  quarries 
(previously  mentioned)  along  the  eastern  edge  of  the  Carboniferous 
Limestone,  at  a  distance  of  two  miles,  some  large  quarries  are  to  be 
found,  On  the  eastern  side  of  one  at  Southmead,  worked  by  Mr. 
Kennedy,  there  maybe  seen  what  appears  to  be  an  ordinary  mineral 
vein,  about  a  foot  thick,  passing  down  through  the  section.  It  con- 

tains good  haematite  iron-ore,  ochre,  galena,  and  calamine.  Although 
it  appeared  nothing  but  a  mass  of  mineral  matter,  I  still  hoped  a 
sample  might  yield  some  evidence  of  its  age.  In  this  I  succeeded 
beyond  my  expectation ;  for  on  washing  it  I  at  once  found  many 
angular  pieces  of  Inferior  Oolite,  which,  from  their  being  stained 
with  iron,  were  not  before  visible.  On  a  still  closer  examination 
I  obtained  the  oolitic  organisms  given  in  the  list  below,  asso- 

ciated with  Tubutella  ;  the  specimens  show  very  little  sign  of 
attrition.  No  Oolitic  deposit  from  which  they  could  be  derived, 
however,  is  in  this  district  nearer  than  Dundry,  six  miles  to  the 
south,  or  the  Cotteswolds,  many  miles  to  the  east,  with,  in  the  latter 
case,  the  area  of  the  Bristol  coal-field  intervening. 

In  the  same  quarry  there  is  at  another  spot  a  pocket  of  light- 
green  clay.  Although  very  intractable,  I  was  able  to  disintegrate 
it  sufficiently  to  find  that  it  contained  Algae  &c. ;  and  although 
there  remains  a  little  doubt  as  to  their  age,  it  is  likely  they  are  of 
comparatively  recent  date. 

^estbury  vein,  Oolitic  Organisms. Fish-tooth, 
Nerinsea. 
Solarium. 
Univalve,  sp. 
Turbo. 
Dentalium. 
Astarte, 
Cardium. 
Ostrea. 

Thecidium. 
Bryozoa,  several  species. 
Echini,  teeth,  plates,  and  spines, Entomostraca. 
Serpuke. Eoraminifera  ? 
Tubutella, 
Pentacrinite  joints. 
Encrinite  stems,  Carboniferous. 

Algge  (in  clay  vein),  several  genera 
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The  sections  remaining  to  be  noticed  are  along  the  eastern  edge 
and  to  the  north  of  the  Bristol  coal-field.  On  the  eastern  side  the 
Carboniferons  Limestone  does  not  come  to  the  snrface  between  the 

Mendips  and  a  very  small  ontcrop  at  Grammar  Rock,  nnder  Lans- 
downe,  near  Bath  (which  is  not  recorded  on  the  Ordnance  Map),  and 
others  at  Wick  Rocks  and  Codrington.  From  Chipping-Sodbury 
a  narrow  belt  continues  to  Tate  snd  Wickwar,  and  entirely  sur- 

rounds the  north  of  the  coal-basin. 
At  Wick,  where  the  quarries  are  extensively  worked,  mineral 

veins  are  to  be  seen  having  their  usual  vertical  bands  of  barytes, 
galena,  &c.  passing  down  them.  In  their  softer  pockets  Tubutella 
is  abundant ;  in  one  which  has  a  marly  infilling  it  is  present  in 
great  numbers.  Occasionally  small  patches  or  pockets  of  grey  marl 
lie  near  the  surface ;  but  I  have  not  yet  found  any  other  organisms 
in  them. 

The  Tate  Rock  Sections. — These  are  between  Chipping  Sodbury 
and  Wickwar.  On  the  ragged  surfaces  of  the  limestone  there  are 
here  also  pockets  containing  more  mineralogical  materials  with 
Tubutella.  A  vein  passes  down  from  the  surface  of  one  of  the 
quarries  a  foot  in  thickness,  containing  soft  mineralized  material  in 
which  are  myriads  of  these  little  tubes ;  they  are  often  attached  to 
the  broken-up  pieces  of  barytes  and  other  minerals. 

Nettlebury  Quarry,  Tate,  and  Cleveclon. — The  Nettlebury  quarry 
is  a  large  one,  nearest  Wickwar,  and  is  the  last  I  shall  refer  to  on 
this  side  the  Bristol  coal-basin.  A  section  of  it  has  been  given  by 
Mr.  Etheridge  *,  in  which  are  shown  to  the  east  horizontal  step-like 
beds,  overlying  highly  inclined  Carboniferous  Limestone,  whilst 
on  the  west  side  equivalent  beds  dip  at  the  same  angle  as  the 
limestone  towards  the  coal-basin.  At  the  present  time  it  would  be 
difficult  to  recognize  the  locality  from  the  above  section,  from  the 
almost  entire  absence  of  the  beds  on  the  eastern  side,  though 
they  are  present  from  12  to  14  feet  thick  on  the  west.  Mr. 
Etheridge  considers  these  beds  to  be  of  the  age  of  the  Dolomitic 
Conglomerates,  and  the  representatives  in  lithological  condition  and 
age  of  the  supposed  Magnesian  Limestones  of  Clevedon.  The  latter 
are  thick,  irregularly  bedded,  yellow  limestones,  used  in  the  district 
for  building-purposes.  It  is  apparently  a  local  deposit,  resting  in 
the  quarry  near  the  hotel  on  Old  Red  Sandstone,  which  crops  out  on 
the  beach  and  abuts  against  Carboniferous  Limestone  to  the  east,  the 
Old  Red  being  fringed  on  a  level  with  the  Severn  by  a  continuous 
belt  of  Dolomitic  Conglomerate,  continuing  north  for  some  miles. 
Almost  every  parting  or  crack  between  the  blocks  of  Clevedon 
stone  shows  the  presence  of  galena,  carbonate  of  copper,  or  other 
minerals.  In  only  one  instance  have  I  found  a  block  of  stone  with 
organic  remains.  This  contained  a  few  Encrinital  stems,  an  im- 

perfect Bhynchonella,  and  also  several  imperfect  Strophomence.  Were 
it  not  that  the  specimens  put  on  the  lithological  appearance  of  the 
enclosing  matrix,  I  should  be  disposed  to  think  them  redeposited 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxvi.  (1870),  p.  179. 
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from  the  Carboniferous  Limestone  *."  Looking  at  the  Yate  deposit  as it  lies  on  the  limestone  in  the  section,  it  has  much  resemblance  to  the 
Clevedon  beds,  but  on  closer  examination  this  ceases.  The  latter 
are  almost  pure  Magnesian  Limestone,  whilst  the  upper  9  feet  of 
the  former  are  of  sandy  yellow  marls,  which  on  being  washed  float 
away  and  leave  a  sandy  residue.  Next  follow  eighteen  inches  of 
yellow  limestone,  in  two  irregular  beds,  which  in  structure  and 
colour  somewhat  resemble  the  Clevedon  stone.  On  treatment  with 
acid  these  also  leave  a  sandy  residue.  Between  the  above  and  the 
Carboniferous  beds  there  is  a  thin  deposit  in  pockets,  almost  com- 

posed of  fine  grey  sandstone.  There  are  no  organic  remains  special 
to  these  beds  beyond  fucoids  and  Tubutella  ambigua,  which  is  rare. 
For  these  reasons,  and  knowing  how  varied  are  the  deposits  on  the 
outcrops  of  the  older  limestones,  I  am  disposed  to  think  that  the 
yellow  beds  at  Yate  are  of  comparatively  recent  age.  On  the 
surface  of  the  Carboniferous  Limestone  there  are  occasional  thin 
patches  of  what  appears  to  be  a  comminuted  shelly  breccia  with  a 
grey  sandy  matrix,  which  I  do  not  think  the  equivalent  of  the 
bouldered  Dolomitic  Conglomerates  found  in  other  parts  of  the 
district. 

Thornbury  Railway  and  Secondary  Veins. — The  branch  line  which 
leads  from  the  Yate  station  to  Thornbury  exhibits  some  interesting 
geology.  At  Tytherington  fine  sections  of  Carboniferous  Limestone 
are  seen,  and  thick  deposits  follow  of  what  are,  no  doubt,  true 
Dolomitic  Conglomerates.  On  emerging  from  the  tunnel  towards 
Thornbury  these  have  some  marly  divisions,  in  which,  in  a  flat  over 
the  tunnel,  some  galena  has  been  found.  Not  far  beyond,  the  Lower 
Limestone  shales  pass  into  the  Upper  Devonian  beds,  the  conglo- 

merates also  resting  upon  them.  Just  before  reaching  this  point 
there  are  several  thin  veins  in  the  limestone  containing  sulphate  of 
barytes  and  galena,  in  a  matrix  of  gossany  iron-ore.  A  sample 
from  the  soft  ochreous  part  yielded  me  three  Conodonts  of  Carboni- 

ferous-limestone age — and  of  (Secondary  remains,  Pentacrinite  joints 
and  a  single  specimen  of  a  Eoraminiferous  shell,  Planularia  pau- 
perata.  On  a  second  visit  I  discovered  deposits  towards  the  surface 
which,  lithologically,  I  cannot  distinguish  from  a  ferruginous  marl 
of  the  Middle  Lias,  which  contains  hollow  casts  of  shells  and  crushed 
specimens  of  what  appear  to  be  Wiynclionella  tetrahedra.  Tubutella 
is  present  in  great  numbers,  surrounded,  as  at  Yate  Bocks,  by  a  re- 
deposited  ferruginous  matrix. 

Age  of  the  Deposits. — From  the  foregoing  examples  of  abnormal 
deposition,  all  of  which  have  been  accidentally  revealed  by  quarrying- 

*  Since  writing  the  above,  I  have  sent  the  specimens  to  my  friend  Mr. 
Davidson,  who  says: — "  The  specimen  you  send  for  my  examination  you  say  is 
from  the  Magnesian  limestone.  In  colour  it  looks  like  a  rock  of  that  for- 

mation ;  but  I  have  never  hitherto  seen  from  our  British  Permian  rocks  a  Stro- 
jphomena  or  Sfreptorhynchus  shell  similar  to  the  one  I  observe  on  both  sides  of  the 
specimen,  and  which  looks  like  Stro'phomena  crenistria.  The  Ehynchonella  is 
not  sufficiently  complete  for  specific  determination.  If  not  Carboniferous,  at 
least  one  of  the  species  would  be  new  to  our  Permian  rocks  or  Magnesian  Lime- 

stone.   I  almost  fear  your  enclosed  specimen  is  Carboniferous." 
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operations  in  the  Carboniferous  Limestone,  it  must  be  manifest  that 
there  are  a  multitude  of  other  examples  not  yet  opened  up  that 
would  yield  an  interesting  study  to  the  geologist.  One  of  the  most 
difficult  problems  regarding  some  of  them  is  to  arrive  at  satisfactory 
conclusions  as  to  their  exact  age  ;  but  there  can  be  little  doubt 
that  the  physical  conditions  to  which  the  deposits  are  due  were  the 
same  both  in  the  Bristol  and  the  Mendip  areas.  Supposing  the 
fissures  in  any  district  had  all  been  caused  by  the  same  shrinking  or 
change  of  level,  they  would  have  been  subject  to  the  same  refilling 
influences,  and  would  contemporaneously  have  received  a  mixture 
of  materials  derived  from  the  denudation  of  that  time ;  but  although 
the  alluvial  infillings  in  the  Avenue  Quarry  have  a  mixture  of 
organisms,  it  is  a  singular  fact  that  in  a  series  of  parallel  veins 
coming  to  the  surface  on  the  same  horizon,  not  far  removed  from 
one  another,  and  some  of  them  but  a  few  inches  in  thickness,  each 
appears  to  have  an  individuality  of  its  own,  and  to  represent  in 
geological  time  intervals  clearly  distinct  from  one  another.  As  at 
Holwell,  so  at  Durdham  Down,  the  worked  face  of  the  escarpments 
reveals  infillings  of  alluvium,  Oolite,  Lias,  and  Rhastic  and  Keuper 
beds,  whilst  mineralized  or  iron-ore  veins  show  conditions  specially 
their  own. 

Reference  has  repeatedly  been  made  to  the  Tubutella  ambigua, 
which  I  have  found  in  almost  every  deposit  that  could  be  examined 
under  favourable  conditions,  from  Maidenhead  to  those  of  Gloucester- 

shire and  Somersetshire.  "When  they  occur,  as  in  the  brick-earths of  Salisbury,  in  association  with  freshwater  shells,  and  also  with 
Postpliocene  mammalia,  there  seems  little  reason  to  doubt  that 
they  belong  to  freshwater  deposits.  If  they  can  be  traced  in  older 
formations,  they  may  be  a  guide  in  determining  the  conditions  under 
which  those  formations  have  been  laid  down.  I  have  reason  to 
suppose  this  may  be  the  case  between  the  Upper  Devonian  and  the 
Carboniferous  series.  All  veins,  mineral  or  otherwise,  come  to  the 
surface ;  and  if  the  Tubutellce  be  found  therein,  they  will  probably 
indicate  the  presence  of  freshwater  conditions.  The  upper  portions 
of  those  I  have  mentioned  in  this  district  represent  the  gossans  of 
the  lodes  in  more  ancient  rocks  ;  and  if,  as  at  Yate  and  Tytherington, 
the  Tubutella  is  caught  up  or  surrounded  by  the  mineral  matter  of 
the  vein,  there  has  either  been  a  remodification  of  that  portion  of 
the  vein,  or  it  must  have  been  contemporaneous  with  the  organisms 
enclosed. 

I  have  already  shown  that  most  of  the  mineral  veins  of  the 
Mendips  and  South  Wales  are  at  least  of  Liassic  age  ;  and  on  this 
point  I  have  much  confidence  in  the  belief  that  a  careful  exami- 

nation of  the  gossans  and  other  mineral  constituents  of  the  veins  in 
our  more  ancient  rocks  will  repay  the  labour,  by  giving  either  more 
precise  indications  of  their  age  or  of  the  physical  conditions  under 
which  they  were  deposited. 

Age  of  the  Bristol  Reptilia. — The  varied  points  mentioned  in  this 
paper  have  drawn  me  away  from  the  chief  object  which  led  to  their 
consideration,  viz.  the  age  of  the  Bristol  reptilia.      As  before 
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81 remarked,  the  peculiar  circumstances  attending  their  discovery  has 
always  left  this  in  some  obscurity.  They  are  now  assigned  by 
Mr.  Etheridge  to  the  Dolomitic  Conglomerates  at  the  base  of 
the  Keuper.  These  conglomerates  are  in  great  part  composed  of 
rounded  boulders  of  the  Carboniferous  Limestone,  some  of  them  of 
great  size,  and  seemingly  requiring  glacial  conditions  for  their 
removal  and  transportation.  Not  only  do  they  fringe  the  outcrops 
of  the  limestone  from  which  they  are  derived,  but  they  form  an 
almost  continuous  deposit  of  considerable  thickness,  extending  for 
many  square  miles  in  the  Somersetshire  coal-basin,  the  inclined 
ragged  limestone  edges  of  which  are,  in  places,  rendered  by  their 
denudation  quite  horizontal.  The  removal  and  redeposition  of  the 
conglomerates  indicate  very  troublous  times,  during  which  it  seems 
impossible  for  any  organic  life  to  have  existed  ;  for  nothing  could 
have  withstood  the  grinding-processes  to  which  it  would  have  been 
subjected ;  and  it  is  a  significant  fact  that  no  organic  remains  have 
ever  been  referred  to  this  period  except  the  reptilians  under  notice. 

Eor  these  reasons,  and  from  my  having  found  the  teeth  of  The- 
codontosaurus  and  Palceosaurus  in  the  B-hsetic  deposit  at  Holwell, 
and  also  from  my  subsequent  discovery  of  the  Khgetic  bone-bed  and 
remains  of  that  age  almost  alongside  the  Clifton  reptilia,  I  had 
come  to  the  conclusion  that  the  latter  belonged  to  this  period — a 
view  which  further  investigation  respecting  both  Keuper  and  Ehaetic 
reptilia  requires  me  to  modify.  Seventeen  Thecodont  teeth,  more  or 
less  perfect,  are  in  my  Holwell  series.  On  comparison  with  those 
from  Bristol,  they  are  more  robust,  have  a  more  wrinkled  or 
striated  surface,  with  the  serrations  on  the  edges  smaller,  less 

oblique,  and  more  numerous.  In  my  paper  "  On  Abnormal  Con- 
ditions "  &c.*,  I  gave  a  section  of  variegated  Keuper  marls  at 

Euishton,  near  Taunton,  one  bed  of  which  I  described  as  a  "  Gritty 
conglomerate,  with  occasional  sandy  bands  and  intermediate  layers 
of  marl,  with  fish,  reptile,  and  batrachian  remains,  fourteen  inches 

thick."  In  this  bed  I  have  lately  found  some  teeth  of  Thecodonto- 
saurus,  which  appear  in  all  respects  identical,  in  form,  structure, 
and  the  character  of  the  serrations  on  their  edges,  with  those  from 
Bristol.  It  contains  also  Acrodus  Jceuperinus,  .Hybodus,  Diplcdus, 
&c.  It  is  rather  a  coarse  sandy  bed  than  a  conglomerate  ;  and,  owing 
to  its  being  rather  unconsolidated,  its  remains  are  very  fragile. 
There  seems  little  doubt  that  this  bed  is  on  the  horizon  of  that  in 
Warwickshire  which  has  yielded  identical  vertebrata;  and  if  so,  the 
Bristol  reptilia  will  have  to  be  removed  one  stage  later  in  time,  from 
the  Dolomitic  Conglomerate  to  the  middle  of  the  Upper  Keuper. 

It  is  an  interesting  palgeontological  fact  that,  although  most  of 
the  generic  forms  of  the  Keuper  recur  in  the  Rhsetic  beds,  so  far  as 
I  have  ascertained,  the  species  differ,  and  are  special  to  the  two 
formations. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxiii.  (1867),  p.  468. 

Q.  J.  G.  S.  No.  145. G 
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Discussion. 

The  President  spoke  of  the  great  industry  and  skill  of  the  author 
in  collecting  the  evidence  on  which  this  paper  was  hased. 

Mr.  Tawney  stated  that  Mr.  Sanders  held  that  the  Dolomitic 
Conglomerate  is  of  different  ages  in  different  parts  of  the  district, 
and  that  the  Thecodontosaurus  is  high  up  in  the  Keuper  series.  He 
thought  that  the  fact  of  these  remains  being  imbedded  in  solid  con- 

glomerate was  scarcely  reconcilable  with  the  notion  that  they  came 
from  vein-infilling. 

Dr.  Duncan,  with  reference  to  the  origin  of  the  so-called  Tuhu- 
tella,  stated  that  similar  tubes  might  be  seen  in  course  of  formation 
by  the  escape  of  air-bubbles  from  the  surface  of  oysters  and  other 
shells  covered  with  Algse  in  turbid  water  containing  carbonate  of 
lime. 

Prof.  Seeley  spoke  of  the  great  interest  attaching  to  the  question 
of  the  age  of  the  Thecodontosaurus.  He  considered  the  specimens 
exhibited  to  belong  to  at  least  two  genera.  He  stated  that  the  ilium 
of  Thecodontosaurus  is  Crocodilian,  with  Dinosaurian  affinities. 

Rev.  H.  H.  Winwood  supported  the  views  of  the  author  concerning 
the  position  of  the  veins  of  Durdham  Down.  He  remarked  upon  the 
difficulty  of  understanding  the  mingling  of  different  faunas  in  the 
same  vein. 

The  President  supported  the  views  of  Mr.  W.  Sanders,  as  ex- 
pounded by  Mr.  Tawney,  and  bore  testimony  to  the  great  value  of 

Mr.  Sanders's  map  of  the  Bristol  area. 
The  Author  agreed  that  the  Magnesian  Conglomerate  is  of  diffe- 

rent ages.  He  thought  the  Thecodontosaurian  remains  were  ob- 
tained from  the  top  of  one  of  the  veins.  He  stated  that,  while  the 

veins  occasionally  contained  the  remains  of  fossils  belonging  to  more 
than  one  geological  period,  others  contained  organisms  which 
appeared  special  to  a  single  period  only,  implying  a  denudation  and 
refilling  in  veins,  at  the  present  time  difficult  to  account  for. 
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8.  Notes  on  the  Locality  of  some  Fossils  found  in  the  Carboniferous 

Boce:s  at  T'ang-  Shan,  China.  By  James  W.  Carrall,  Esq., 
E.G.S.  &c,  of  IT.  I.  M.  Customs  Service,  China.  (Eead  Novem- 

ber 3,  1880.) 

The  fossils  which  form  the  subject  of  this  paper  were  found  at 

T'ang  Shan,  Ch'iao  Chia  T'un,  in  Lan  Chow  of  the  Province  of 
Chih  Li,  and  about  120  miles  from  the  treaty  port  of  Tientsin, 
in  a  N.N.E.  direction  from  that  port. 

A  Chinese  company  has  been  formed,  known  as  the  "  Chinese 
Engineering  and  Mining  Company,"  to  work  the  bituminous  coal 
deposits  there  found  on  the  European  system. 

Mining  operations  were  commenced  in  1878  by  ascertaining  the 
locality  of  the  coal-seams  by  boring  with  the  diamond  boring- 
machine.  The  bore-holes,  three  in  number,  averaged  about  400  feet 
apart ;  the  third  and  deepest  of  the  three  driven  reached  a  depth  of 
536  feet. 

The  seams  dip  at  an  angle  of  45°  to  the  north,  calculated  by  the 
angle  of  the  strata  found  in  the  bores. 

The  thickness  of  the  coal-seams,  not  taken  at  the  slant  but 
parallel  to  the  beds,  is  as  follows  : — ft.  in. 

No.  1  seam,  N.  of  King  seam   6    0  odd. 
King  seam    1  8 
No.  1  seam,  S.  of  King  seam   5  7 
No.  2  seam         „    1  4 
No.  3  seam         „   0  11 
No.  4  seam         „    4  2 

The  seams  are  in  curves  or  folds  ;  one  seam  that  comes  to  the 
surface  at  the  back  of  the  colliery,  again  appears  above  ground 

halfway  from  the  colliery  to  Kai  P'ing  (say  three  miles  from  the 
first  outcrop),  and  again  five  miles  further  on,  trending  in  a  north- 

erly direction. 
Some  very  good  magnetite,  containing  between  45  and  50  per  cent, 

of  metallic  iron,  has  been  found  at  Pai  Mah  Shan,  about  seventeen 

miles  from  T'ang  Shan.  It  is  intended  to  erect  rolling-mills  near 
the  colliery,  and  place  them  also  under  foreign  superintendence, 
trams  being  laid  down  (after  permission  has  been  obtained)  between 
Pai  Mah  Shan  and  the  hills  for  the  transit  of  the  ore. 

The  most  striking  feature  of  the  geological  formation  of  the 

country  round  T'ang  Shan  is,  that  above  the  Carboniferous  system 
is  first  loose  sand  and  then  loam,  the  loam  being  uppermost,  and 
extending  but  deepening  all  the  way  to  Tientsin.  Decomposed 
red  sandstone  was  seen  in  the  distance  to  the  north. 

A  gradual  ascent  commences  four  miles  before  coming  to  Lu 

T'ai  by  land  from  Han  Ku,  and  continues  all  the  way  to  T'ang 
Shan.    The  colliery  is  situated  in  this  incline,  and  is  about  a  mile 
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from  the  nearest  hill,  Tang  Shan,  which  I  do  not  think  is  higher 
than  300  feet  or  thereabouts. 

Prom  the  roundness  of  the  hills  and  the  way  the  chain  is  detached 
in  places,  there  is  not  the  least  doubt  in  my  mind  that  this  part  of 
the  country  was  under  water,  and  is  now  gradually  rising,  this  also 
being  proved  by  the  fact  that,  according  to  Chinese  history,  the  city 
of  Tientsin  was  at  one  time  situated  on  the  seaside,  and  it  is  now  some 
twenty-five  miles  inland. 

Note  on  the  Specimens,  by  W.  Carruthers,  Esq.,  P. U.S.,  F.G.S. 

The  specimens  from  China  belong  to  a  single  species  of  Annularia  ; 
and  I  have  no  doubt  that  it  is  A.  longifolia,  Brongn.,  which  is  so 
abundant  in  our  coal-measures  in  Britain,  and  is  found  on  the  con- 

tinent and  in  Worth  America.  It  occurs  throughout  the  whole  of 
the  coal-bearing  beds,  from  the  lowest  to  the  highest. 

Newberry  and  others  have  described  fossil  plants  from  China  asso- 
ciated with  beds  of  coal ;  but  these  belong  to  Trias  or  still  later 

formations.  The  great  interest  of  this  communication  is  that  it 
records  the  existence  of  the  true  coal-measures  in  China,  and  gives 
a  range  to  a  well-known  Carboniferous  plant,  in  harmony  with  what 
we  already  know  of  other  western  contemporaneous  Palaeozoic 
plants. 

Discussion. 

The  President  remarked  on  the  great  interest  attaching  to  the 
discovery  of  these  Coal-measure  fossils. 

Mr.  Carruthers  pointed  out  the  interest  attaching  to  the  com- 
mencement of  coal-mining  in  China.  He  remarked  upon  the  world- 

wide distribution  of  certain  Palaeozoic  species  of  plants. 
Proe.  Judd  spoke  of  the  importance  of  this  discovery  in  a  country 

the  geology  of  which  was  so  little  known. 
Mr.  Blaneord  suggested  that  possibly  future  observation  might 

show  that  these  plants  were  associated  with  Mesozoic  forms. 
The  Palaeozoic  flora  had  not  a  worldwide  distribution.  Mesozoic 
types  of  plants  had  been  observed  in  Australia  in  Palaeozoic  beds. 

Proe.  Seelet  demurred  to  the  conclusions  of  Mr.  Carruthers  as 
to  the  distribution  of  Palaeozoic  plants. 

Mr.  Blake  supported  Mr.  Carruthers's  views. 
Mr.  Carruthers,  in  reply  to  Mr.  Blanford,  said  he  believed  that 

the  Glossopteris-heds  of  Australia  are  really  Mesozoic  and  not  Palae- 
ozoic in  age. 

Mr.  Blaneord  said  the  late  Rev.  W.  B.  Clarke  had  found  Glos- 
sopteris-beds intercalated  amongst  Palaeozoic  marine  fossiliferous 

beds  in  coal-pits  in  New  South  Wales. 
The  President  supported  the  views  of  Mr.  Carruthers  and  Mr. 

Blake,  in  opposition  to  those  of  Prof.  Seeley. 

Proe.  Judd  supported  Prof.  Seeley's  views  as  to  the  existence  of 
life-provinces  in  Palaeozoic  times. 
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9.  On  the  Beds  at  Headon  Hill  and  Colwell  Bat  in  the  Isle  of 

Wight.  By  H.  Keeping,  Esq.,  and  E.  B.  Tawney,  Esq.,  M.A., 
F.G.S.,  of  the  Woodwardian  Museum,  Cambridge.  (Read  De- 

cember 1,  1880.) 
[Plate  V.] 

I.  Introduction. 

In  a  recent  communication  laid  before  the  Society*  the  opinion  was 
expressed  that  a  serious  error  had  been  made  by  almost  all  previous 
writers  in  regarding  the  marine  beds  at  Colwell  Bay  and  Headon 
Hill  as  on  the  same  geological  horizon  ;  we  read  : — "  We  shall  now 
demonstrate  that  the  Colwell-Bay  marine  beds  are  not,  as  has  been 
hitherto  supposed,  the  equivalent  of  those  of  Headon  Hill  and  Hord- 
well  Cliff,  but  that  they  occupy  a  distinct  and  much  higher  horizon." 
Upon  the  correction  of  this  supposed  error  a  new  classification  and 
nomenclature  for  the  Upper  Eocene  formation  of  Britain  was  pro- 
posed. 

The  author  further,  after  a  review  of  the  paleeontological  evidence, 
arrived  at  the  conclusion  that,  on  the  one  hand,  the  fossils  in  the 
Headon  Hill  and  Hordwell  Cliffs  were  identical,  while,  in  the  second 
place,  those  of  Colwell  Bay,  White  Cliff,  and  Brockenhurst  presented 
the  closest  agreement  among  themselves.  Then,  comparing  the 
former  two  localities,  taken  together,  with  the  latter  three,  taken 
together,  he  considered  (1)  that  the  fauna  of  the  first  group  was 
largely  estuarine,  and  that  of  the  second  group  marine ;  (2)  that 
less  than  half  the  forms  found  in  the  former  occur  in  the  latter ;  (3) 
that  the  fauna  of  the  former  approximated  more  to  that  of  the  Barton 
beds,  having  about  one  third  in  common  with  them,  while  not  more 
than  one  fifth  of  those  from  the  latter  three  localities  occur  at  Barton  ; 
(4)  that  the  fauna  of  the  former  two  agreed  with  that  of  a  series  of 
beds  on  the  Continent  which  underlay  and  were  older  than  beds 
containing  the  fauna  of  the  last  three. 

In  the  following  communication  the  authors  attempt  to  traverse 
these  points  in  the  paper  above  referred  to,  in  succession.  By  reference 
to  detail-sections  they  argue  that  the  stratigraphical  evidence  is 
plainly  demonstrative  of  the  identity  of  the  Colwell-Bay  and  Headon- 
Hill  marine  series,  the  beds  being  continuous  through  the  cliffs  and 
easily  traceable. 

Referring  to  the  palaeontological  evidence,  it  is  shown  from  collec- 
tions, made  with  their  own  hands  this  year,  (1)  that  the  fauna  of  the 

Colwell-Bay  and  Headon-Hill  beds  are  identical ;  (2)  that  this  fauna 
differs  considerably  from  that  of  the  Brockenhurst  bed,  which  occupies 
a  lower  horizon ;  (3)  that  the  Colwell-Bay  bed  has  less  than  one 
third  of  its  species  common  to  Barton  beds,  while  the  Brockenhurst 
fauna  has  nearly  one  half  in  common  with  Barton  beds. 

*  "  On  the  Oligocene  Strata  of  the  Hampshire  Basin,"  by  Prof.  J.  W.  Judd, 
F.R.S.,  Sec.  G-.S.,  Quart.  Journ.  Geol.  Soc.  toI.  xxxvi.  p.  137. 

Q.  J.  G.  S.  No.  146.  H 
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Wo  conclude  therefore  that  no  reason  has  been  shown  for  upsetting 
the  classification  of  the  strata  adopted  by  the  Geological  Survey,  and 
which,  for  nearly  a  quarter  of  a  century,  has  been  received  among 
geologists. 

Certainly  we  wish  to  uphold  in  its  integrity  the  work  of  the  late 
E.  Forbes  *,  and  the  classification  of  beds  adopted  by  him  when 
Palaeontologist  to  the  Geological  Survey,  and  subsequently  confirmed 
by  Mr.  H.  W.  Bristow,  E.B.S.,  in  the  second  Survey  Memoir  f  on  the 
Isle  of  Wight. 

One  of  the  authors,  from  his  long  residence  in  the  district  and  his 
constant  occupation  with  these  beds,  has  been  long  satisfied  that 

E.  Eorbes's  account  of  the  beds  is  true  to  nature,  and  his  classification 
fully  borne  out  by  lithological  identity  of  beds,  as  well  as  by  distri- 

bution of  the  fossils.  The  present  notes,  then,  are  based  on  his  part 
upon  an  aquaintance  with  the  district,  and  the  work  of  the  Geological 
Survey  there  during  its  progress,  supplemented  by  subsequent  visits, 
and  specially  this  summer  by  a  joint  examination  by  both,  including 
measurement  of  beds  and  collection  of  fossils,  which,  however  in- 

complete, was  made  bed  by  bed,  and  represents  the  prevailing  fauna 
of  each — a  point  on  which  we  lay  great  stress. 

We  do  not  wish  to  delay  over  the  history  of  previous  opinion, 

which  has  been  sufficiently  treated  in  Eorbes's  and  Prof.  Judds 
memoirs  ;  but  the  latest  criticism  of  Eorbes's  work  (op.  cit.  p.  141 ) 
may  be  alluded  to. 

II.  TOTLAND  AND  Co  DWELL  BAYS. 

The  Survey  Horizontal  Section  east  of  Headon  Hill. — The  first 
point  at  issue  between  Eorbes  supported  by  "  nearly  all  observers, " 
on  the  one  hand,  and  Prof.  Judd  on  the  other,  is  whether  certain 

marine  beds  known  as  the  Middle  Headon  (including  the  "  Venus-bed  " 
of  local  collectors)  in  Colwell  Bay  are  rightly  associated  with  similar 
marine  beds  in  Headon  Hill.  The  Survey  identify  them,  and 
correlate  the  freshwater  beds  immediately  above  and  below  as  Upper 
and  Lower  Headon  respectively  in  both  localities.  This  succession, 

however,  is  stigmatized  (op.  cit.  p.  142)  as  a  "  mistake  "  of  which  the 
"  primary  cause  "  is  considered  to  be  an  "  assumed  "  existence  "  of 
a  great  anticlinal  fold  of  which  the  summit  is  supposed  to  be  seen 
in  Totland  Bay.  The  manner  in  which  this  supposed  anticlinal  is 

regarded  as  having  affected  the  strata  is  illustrated  in  Prof.  E.  Eorbes's 
memoir,  pi.  vii.  fig.  1,  and  also  in  Sheet  47  of  the  Horizontal  Sections 
published  by  the  Geological  Survey.  And  yet  further  on  we  read 
(op.  cit.  p.  146),  "  at  Totland  Bay  there  is  undoubted  evidence  of  the 
presence  of  a  slight  anticlinal  fold  having  its  summit  near  Widdick 
Chine,  to  the  westward  of  which  the  beds  for  a  short  distance  have 

a  slight  dip  to  the  south  ; "  so  that  after  all  the  only  mistake  the 
Survey  could  have  made  would  have  been  to  exaggerate  the  dip. 

We  are  next  told  of  the  E.  and  W.  flexure,  which  causes  a  slight 

*  On  the  Tertiary  Flnvio-marine  Formation  of  the  Isle  of  Wight,  by  Prof. 
E.  Forbes.  F.E.S.,  1856  [Memoirs  of  the  Geological  Survey  of  Great  Britain], 

t  The  Geology  of  the  Isle  of  Wight,  by  H.  W.  Bristow  [Sheet  10],  1862. 
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dip  to  the  "W.  in  Headon  Hill ;  and  it  is  implied  that  the  Survey 
section  is  false,  owing  to  the  neglect  of  this  consideration.  "We 
must  point  out,  however,  that  this  Section,  Sheet  47,  fig.  2,  in  which 
alone  the  anticlinal  is  shown,  does  not  go  through  the  summit  of 
Headon  Hill  at  all,  and  passes  about  a  half  mile  inland  at  the  latitude 
of  Widdick  Chine  :  in  it  the  Upper  Bagshot  beds  are  made  to  appear  a 
little  above  the  sea-level  at  that  spot ;  and  we  have  great  confidence 
that  the  calculations  on  which  this  is  grounded  are  correct  *  ;  they 
would  be  brought  up  by  the  anticlinal  of  which  the  existence  has 
just  been  acknowledged.  So  far  then,  we  may  observe,  no  reason 
has  been  shown  why  the  Survey  Section  should  not  be  received  as 
correct. 

Prof.  JudcVs  Section  {op.  cit.  pi.  vii.). — "We  do  not  find  any indications  of  the  direction  in  which  this  section  is  drawn  ;  but,  from 
the  names  of  chines  which  occur  in  it,  we  presume  that  it  is  intended 
to  start  from  Alum  Bay  in  a  JST.E.  direction  through  Headon  Hill, 
and  after  that  to  follow  the  coast-line ;  in  this  case  it  is  not  precisely 
comparable  with  the  Survey  Section,  whose  direction  is  indicated  on 
the  map  as  passing  inland  and  crossing  from  sea  to  Solent.  It  will  be 
seen  at  once  why  it  does  not  correspond  to  nature,  and  agree  with 
the  views  of  other  observers.  It  will  be  noticed  that  the  Marine 
bed  of  the  Headon  Group  ({3  of  fig.  3,  pi.  vii.)  is  made  to  exist  at  the 

sea-level  near  "Widdick  Chine;  and  in  the  letterpress  we  read 
(op.  cit.  p.  147)  "  it  is  admitted  on  all  hands  that  at  the  north-east 
angle  of  Headon  Hill  the  marine  band  [Middle  Headon  beds]  makes 

its  appearence  just  above  the  sea-level."  On  the  contrary,  ive  cannot 
imagine  any  one  putting  the  bed  in  this  position.  At  the  spot  indi- 

cated the  top  of  the  Middle  Headon  is  about  105  feet  above  the  sea- 
level  ;  so  that  the  section,  in  our  opinion,  is  erroneous  :  the  dip 
thereby  is  exaggerated ;  and  105  feet  of  beds  are  intercalated  which 
do  not  exist.  We  shall  prove  this  presently  by  a  detail-section  at 
this  point  of  the  hill ;  at  the  present  moment  we  wish  to  point  out 
that,  with  the  correction  of  this  error  of  105  feet,  the  argument 
against  the  accuracy  of  the  Survey  section  entirely  breaks  down. 

Thus,  we  are  told  that  the  height  of  the  Bembridge  Limestone 
above  the  sea-level  at  this  point  is  250  feet  (op.  cit.  p.  147) ;  then, 
the  marine  band  being  put  at  the  sea-level,  it  follows  that  250  feet 
of  strata  must  intervene  between  that  and  the  Bembridge  Limestone  ; 

"  but  the  Geological  Survey  [vertical]  section  shows  less  than  one 
half  of  that  thickness  of  beds,  and  in  Colwell  Bay  the  distance 
between  the  Bembridge  Limestone  and  the  marine  band  is  120 
feet  f  But  250  feet  of  strata  is  precisely  the  thickness  required 

by  my  interpretation."    Since  we  have  to  subtract  105  feet  from 

*  The  greater  thickness  of  Upper  Bagshot  beds  above  the  sea-level  in  the  same line  of  section  in  the  old  edition  of  Sheet  47,  and  in  the  Plates  of  the  Memoirs, 
seems  due  to  the  outline  of  the  ground  at  the  S.  end  being  raised  too  high  above 
Ordnance  datum  ;  probably  the  accurate  height  of  the  Beacon  Hill  was  not 
obtainable  till  1870,  when  the  revised  edition  of  Sheet  47  was  published  ;  other- 

wise the  sections  are  practically  identical. 
t  It  would  be  133  feet,  according  to  Mr.  Bristow's  estimate  (Eorbes's  Menu 

p.  142),  to  the  top  of  the  Bembridge  Limestone  in  Colwell  Bay. 

H  2 
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the  estimate  in  the  paper  above  referred  to,  we  shall  certainly  have 
to  abandon  this  section  in  favour  of  that  of  the  Survey ;  for  the 
thickness  left,  viz.  145  feet,  more  nearly  corresponds  with  the 
thickness  of  the  Bembridge,  Upper  Headon,  and  Osborne  beds,  which 
are  stated  by  the  Survey  to  exist  at  this  spot,  and  whose  thickness 
would  be  144  feet  *. 

It  would  appear,  therefore,  that  there  is  no  necessity  for  supposing 
"  that,  in  a  distance  of  little  more  than  one  mile,  a  mass  of 
beds  120  feet  thick  has  expanded  to  250  feet,  and,  further,  that  the 

beds  have  been  entirely  changed  in  their  mineral  character." 
"We  do  not  understand  the  warning  (op.  cit.  p.  146)  against 

"trusting  to  the  general  impression  which  is  produced  by  viewing  these 
beds  from  a  distance,"  nor  the  purport  of  the  following  statement : — 
"  The  strata  of  How  Ledge  and  Warden  Point  are  seen  in  such  a  true- 
scale  section  to  be  clearly  continued  in  precisely  similar  beds  ap- 

pearing underneath  the  gravel  of  Headon  Hill."  The  section  offered 
to  us  is  on  rather  too  small  a  scale  to  show  detail ;  but,  in  our  opinion, 

the  beds  are  inaccurately  laid  down  in  "Warden  Cliff,  and  no  such bed  as  the  Brockenhurst  bed  occurs  at  all  in  Headon  Hill. 
Before  we  commenced  drawing  our  section,  we  traced  the  beds 

along  the  cliffs,  measured  their  thickness,  and  obtained  their  height 
above  the  sea-level  at  various  points,  but  found  it  possible  only  to 
show  general  results  in  the  horizontal  section ;  the  details  are  embodied 
in  the  vertical  sections. 

Vertical  Section  at  North-east  Comer  of  Headon  Hill  (fig.  1, 
p.  91). — We  may  now  proceed  to  a  more  detailed  account  of  the 
beds.  We  will  begin  near  the  N.E.  corner,  where  the  Bembridge 
Limestone  is  seen,  indicated  on  the  section  (op.  cit.  pi.  vii.  fig.  2) 
with  an  asterisk,  and  lettered  250  feet  altitude.  (The  quarry  there 
is  not  now  at  work  ;  but  it  is  the  place  at  which  one  of  us  has  ob- 

tained most  of  the  finest  specimens  of  Palceotherium  which  have  been 
found  in  the  Isle  of  Wight.)  We  take  the  thickness  from  the 
Survey  Memoir  as  25  feet. 

Beneath  this,  in  the  section  (fig.  3,  pi.  vii.),  we  notice  a  blank 

space  with  the  legend  "  slopes  covered  by  gravel  and  landslips." 
We  think  this  scarcely  a  correct  description.  Landslips  exist  in  that 
the  clays  and  marls  tumble  and  form  taluses  ;  but  we  saw  no  gravel 
covering  the  slopes  between  the  Bembridge  Limestone  and  Widdick 
Chine ;  nor  indeed  does  it  entirely  conceal  the  beds  between  the 
Bembridge  and  Upper  Headon  Limestones  all  the  way  toHeatherwood 
Point  in  the  other  direction ;  at  intervals  tumbled  gravel  conceals 
a  limited  portion  of  them. 

The  gravel  west  of  Widdick  Chine  is  not  accurately  depicted :  the 
thickness  is  exaggerated,  while  its  horizontal  extent  is  overestimated 
here  f ,    It  does  not  appear  in  the  cliff  certainly  beyond  80  yards 

*  Taking  the  Bembridge  Limestone  at  25  feet,  the  Upper  Headon  and 
Osborne  at  119  feet,  as  read  off  their  vertical  section  by  scale,  after  altering 
their  lower  boundary  a  few  feet  to  correspond  with  our  own. 

t  Mr.  Bristow  (Forbes's  Mem.  p.  105)  gives  the  entire  horizontal  extension 
of  the  Lacustrine  beds  (Post -Tertiary)  on  both  sides  of  the  chine  as  350  yards ; 
the  section  under  review  makes  the  gravel  extend  about  720  yards. 
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from  the  chine  on  the  west  side  (private  grounds  interfere  with 
examination  nearer  the  chine). 

We  should  say,  from  our  examination  of  the  ground  which  inter- 
venes between  the  escarpment  of  the  thick  Upper  Headon  Limestone 

and  the  Benibridge,  that  there  is  no  difficulty  in  seeing  what  beds  exist 
there.  It  is  true  they  are  sufficiently  interrupted  by  local  taluses  to 
cause  trouble  in  making  a  continuous  measurement ;  but  the  tumbled 
portions  are  partial  and  affect  only  a  few  feet  of  beds  at  a  time,  so 

that  by  moving  the  observer's  position  laterally  it  is  possible  to  see 
all  the  beds  in  turn.  This  we  claim  to  have  done  ;  we  do  not  pretend 
that  our  measurement  of  the  beds  is  any  thing  but  rough,  though 
controlled  by  repetition,  because  we  had  no  le veiling-instruments  with 
us,  and  in  shifting  horizontally  from  one  spot  to  another  there  might 
be  frequently  a  slight  error  in  picking  up  the  next  bed  to  be 
measured.  We  might  describe  the  beds  immediately  below  the  Bern- 
bridge  Limestone,  in  descending  order,  as  follows : — yellowish  and 
ochry  marls,  red  aud  grey  mottled  marls,  marly  clays  with  nodular 
bands,  greenish-grey  clays,  pale  greyish  clays,  grey  and  ochry  clays, 
stiff  pale  or  whitish  clays  with  calcareous  lenticular  bands,  red  and 

green  mottled  marls,  "  cherry  marl "  with  calcareous  bands.  These 
are  the  Osborne  beds  of  the  Survey  ;  and  they  come  in  the  precise 
position  assigned  to  them  in  the  Survey  Memoirs.  They  are  well 

characterized  by  the  "  cherry  marl " — the  mottled  red  and  pale 
greenish  marl  which  distinguishes  the  group  from  the  Upper 
Headon  ;  and  we  consider  the  subdivision  a  very  useful  one  in  the 
classification  of  beds.  Their  thickness  here,  by  our  comparatively 
rough  way  of  measurement,  is  70  feet.  The  vertical  section  of  the 
Survey  Sheet  25  gives  71  feet,  reading  off  by  scale  down  to  the  bed 
which  we  have  taken  as  our  boundary ;  their  measurement  seems  to 
have  been  taken  near  Heatherwood  Point,  where  this  series  contains 
a  thick  limestone  of  18  feet ;  as  noticed  by  previous  observers,  this 
limestone  thins  out  to  the  east,  and  is  only  represented  by  nodular 
calcareous  bands  at  the  east  end  of  the  hill ;  its  loss  will  probably  be 
compensated  by  an  increase  in  the  clays.  Our  results  are  perhaps  suffi- 

ciently near  to  those  of  the  Survey  to  prove  that  the  same  series  of 
beds  has  been  examined  in  both  cases.  We  should  remark  that  from 
the  lower  red  beds  it  is  perfectly  easy  to  draw  a  continuous  vertical 
section  to  the  beds  below ;  and  from  here  our  measurements  to  the 
Lower  Headon  are  uninterrupted  in  a  vertical  line.  The  Osborne 
beds  yield  few  interesting  fossils  ;  Limncea  is  abundant  in  the 
calcareous  bands  ;  but,  as  noticed  by  Forbes  (Mem.  p.  81),  the  shell- 
substance  is  not  preserved.  These  beds  are  identical  lithologically 
with  the  mottled  red  and  pale  green  series  at  Cliff  End. 

The  beds  next  below  the  red  series  are  grey  and  ochry  clays,  very 
rich  in  Potamomya  gregaria  and  Paludina  lenta  beautifully  pre- 

served :  we  place  these  in  the  Upper  Headon ;  they  are  about  15 
feet  thick  * 

*  In  the  Survey  Section  no.  5,  at  Headon  Hill  (sheet  25,  Yert.  Sect.),  these 
clays  are  included  in  the  Osborne  series ;  but  in  the  Vert.  Section,  no.  4,  at  Col- 
well  Bay,  the  boundary  is  so  drawn  that  analogous  clays  are  put  into  the  Upper 
Headon. 
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This  brings  us  to  the  vertical  esearpnient  of  the  thick  limestones, 
so  conspicuous  a  band  along  Headon  Hill  cliffs  that  it  is  indicated 
on  the  Ordnance  maps,  both  on  the  25-inch  and  the  6-inch.  We 
pause  awhile  to  draw  attention  to  the  fact  that  we  have  accounted 
for  about  110  feet  of  beds  from  the  top  of  the  Bembridge  to  the  top 
of  the  great  limestone  (Upper  Headon)  ;  and  the  Brockenhurst  series 
does  not  exist  here.  There  is  not  a  single  marine  fossil  to  he  found 
in  that  interval ;  nor  is  there  any  bed  with  the  faintest  resemblance 
either  lithologically  or  palceontologieally  to  the  Oolwell-Bay  Yenus-6^. 
This  is  in  opposition  to  the  view  (/.  c.  p.  176  et  passim)  that  the 

Colwell-Bay  series  exists  here  "entirety  concealed"  by  some  supposed 
gravel  talus*;  yet  it  is  upon  the  existence  of  such  a  second  marine  series, 
thus  supposed  to  be  added  a.bove  the  Yenus-bed  that  the  presence  of 
a  Brockenhurst  series  at  the  west  end  of  the  island  is  inferred. 

Next  we  turn  to  consider  the  thick  limestone  of  the  escarpment, 
the  Limnasa-limestone  of  the  Upper  Headon.  It  is  in  several  beds, 
of  which  details  are  given  by  the  Survey ;  we  measured  it  by  sus- 

pending a  tape,  and  found  it  27  feet  (fig.  1,  p.  91). 
The  only  difficulty  in  correlating  the  Headon-Hill  beds  with  those 

of  Colwell  Bay  is  centred  in  this  limestone  :  it  might  be  a  difficulty 
to  those  who  would  have  expected  a  priori  that  the  limestone  would 
have  maintained  its  thickness  in  direction  of  dip  for  a  mile  or  two 
to  the  north ;  for  we  identify  it  with  a  limestone  at  Cliff  End  not 
above  1  foot  8  inches  thick.  It  would  be  equally  a  difficulty  accor- 

ding to  the  correlation  which  identifies  it  with  the  How-Ledge 
limestone  {op.  cit.  p.  144) ;  in  this  case  the  27  feet  has  thinned  to 
3  feet  at  How  Ledge,  a  distance  of  1-L  mile  in  a  straight  line,  while 
in  Warden  Cliff  (only  926  yards  distant  from  the  Headon-Hill  bed) 
it  is  about  5  feet;  so  that  it  must  have  thinned  very  rapidly  at  the 
first  stage.  The  limestone  in  the  Upper  Headon  at  Cliff  End,  with 
which  we  identify  it,  is  distant  1  mile  926  yards.  In  either  case  it 
thins  out  considerably  to  the  north,  as  noticed  by  E.  Forbes  (Mem. 
p.  84).  We  shall  be  able  to  prove  that  it  does  not  occupy  the  same 
position  as  the  How- Ledge  bed ;  for  we  have  recognized  that  bed, 
which  forms  the  summit  of  the  Lower  Headon,  at  a  lower  position 
in  Headon  Hill  and  in  its  natural  position,  viz.  below  the  marine 
series  (Middle  Headon),  as  in  Warden  Cliff,  where  it  was  last  seen. 
As  a  palasontological  distinction  between  the  Upper  Headon  limestone 
of  Headon  Hill  and  Cliff  End  f  and  the  Lower  Headon  limestone 

*  With  respect  to  the  "inextricable  difficulties  and  confusion  "  (I.  c.  p.  144) 
in  which  the  Survey  is  supposed  to  be  involved  by  their  not  allowing  the  Col- 

well Marine  bed  to  come  where  the  Osborne  beds  are  placed,  and  which  is  sup- 
posed to  be  shown  by  48  feet  of  strata  being  classified  in  the  letterpress  (Forbes's 

Mem.  p.  81)  as  Osborne,  while  in  the  plate  they  are  classed  as  Upper  Headon, 
this  is  merely  a  question  of  classification  and  the  drawing  of  a  boundary-line, 
matters  entirely  subjective  and  not  affecting  the  total  thickness  ;  their  vertical 
section  shows  almost  the  same  thickness  of  beds  consistently,  notwithstanding 
certain  irregularities  in  the  boundaries  and  classification. 

t  In  the  legend  to  the  Survey  Vertical  Section,  sheet  25,  no.  4,  this  limestone 
in  the  Upper  Headon  is  said  to  form  How  Ledge ;  this  is  plainly  an  oversight 
or  clerical  error,  as  is  also  the  statement  in  Forbes's  Memoir,  p.  132,  that  the 
How-Ledge  bed  is  faulted  in  Warden  Cliff.  The  fourteen  faults  mentioned  affect 
the  Upper  Headon  limestone  at  Cliff  End :  their  section  is  fairly  correct ;  but 
there  seems  to  have  been  some  confusion  between  Warden  Point  and  Cliff-End 
Point  in  the  letterpress. 



Fig.  1. —  Vertical  Section  of  Beds  at  the  North-east  comer  of  Ileadon  Hill. 
(Scale,  8  feet  to  the  inch.) 
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Part  of  thick  Limnoca- limestone.   Limnoeafusiformis,  &c. 
Laminated  greenish  clay,  with  broken  Paludina. 

Whity-brown  to  buff  sands,  with  layers  of  lignitie  matter. 

Greyer  sands  below.  Potamomya,  Melania  muricata,  TJnio,  Paludina  lenta. 
Lignite. 
Greyish-green  clays.    C.  ven-  i  Vicarya  concava,  Marginella  vittata,  Neri- tricosicm-bedi  with  J     Una  concava,  Melania  muricata,  &c. 
"•Limnasa- limestone,  soft  and  crumbling,  with  a  thin  lignite  at  top. 
•••Verdigris- green  clay,  with  rootlets. 
Lim  /iffia-limestone . 

Stiff  green  clays  with  conehoidal  fracture  in  drying. 

Oyster-bed  towards  the  base. 

/  Fusus  labiatus,  Mel.  fasciafa,  M.  muricata, 
Clay  becoming  greyer  below.  J    Nerita  aperta,  Cer.  variabile,  C.  pseudo- 
Fossils   j    cinctum,  Ostrea  velata,  Mytilus  affinis,  Cor- (,    bicula  obovata,  Lucina  colvellensis. 

Alternating  grey  and  ochry  clays. 

Venus-bed.,"  richest  portion,  con-  J tains  scattered  flints,  brown  sandy  J 
clay  becoming  green  clay  and  sand : below.  Fossils  

Thin  grey  sandy  clays, 
weathering  brown. 

Cyth.  incrassata,  Mactra  fastigiata, 
Mya  angustata,  Corbicula  obovata, Nucula  lissa,  N.  keadonensis,  Trig, 
deltoidea,  Fusus  labiatus,  Cancell. 
elongata,  Melanopsis  fusiformis, 
Voluta  spinosa,Vic.  concava,  Natica Studeri. 

Cytherea  incrassata  &c.  scattered  throughout. 

Mya  angustata,  especially  near  base. 

.  ,    ,  , .    ,  .  ,        j    c  Trig,  deltoidea,    Cer.  pseudocinctum, Chocolate-brown  or  blackish  sands.  {  labMat^  Melan.  fusiformis. 
TrigonocoBlia-bed. 

Blackish-brown  sands,  Neritina-b&di :  N.  concava,  M.  fusiformis,  C.  obovata. 
Very  stiff  tenacious  clay. 

Zimwcea-limestone,  "How-Ledge  limestone:"  L.  longiseata,  fusiformis,  &c. 

Whity-brown  or  yellow  sands  and  sand-rock,  with  layers  of  Paludina  and Potamomya. 

[The  base  concealed  by  tumble  and  undercliff.] 



92 H.  KEEPING  AND  E.  B.  TAWNEY  ON  THE  BEDS  AT 

of  How  Ledge,  we  may  adduce  that  the  former  is  very  rich  in 
Planorbis,  while  in  the  latter  these  shells  are  comparatively  rare, 
the  fossils  being  chiefly  Limncea. 

As  the  Upper  Headon  limestone  is  the  strongest  bed  in  the 
section  and  forms  an  escarpment  through  the  greater  part  of  Headon 
Hill,  in  it  we  may  obtain  a  datum  line.  We  take  as  a  point  of 
reference  the  spot  where  the  top  of  the  escarpment  cuts  the  surface 
of  the  ground  or  outline  of  the  cliff ;  this  is  seen  on  the  6-inch  or 
25-inch  map  to  be  about  halfway  between  the  100  feet  and  200  feet 
contour-lines.  From  these  points  of  known  altitude,  by  the  aid  of 
the  barometer,  we  obtain  the  height  of  our  point  of  reference  :  it  is 
about  140  feet  above  Ordnance  datum. 

The  beds  below  the  Limncea-limestone  are  green  clay,  1  foot, 
with  broken  Paludina,  then  pale  buff  or  whitish  sands,  varying  from 
6|  to  8  feet,  with  occasional  layers  of  lignitic  matter,  Potamomya, 
and  Melania  muricata ;  below,  where  it  is  sometimes  grey,  Unio 
Solandri  and  Paludina  lenta  may  occur.  We  take  this  bed  with 
the  3-inch  lignite  below  as  the  base  of  the  Upper  Headon.  The 
boundary  chosen  is,  of  course,  arbitrary  ;  but  the  fact  of  the  next 
bed  being  decidedly  brackish  inclines  us  to  draw  the  division  from 
the  Middle  Headon  here ;  the  Survey  vertical  section,  sheet  25,  places 
it  a  few  feet  lower. 

Our  estimate  for  the  Upper  Headon  at  Headon  Hill  amounts  to 
a  thickness  of  50  feet ;  the  thickness  on  the  Survey  vertical  section 
is  given  as  37  feet ;  but  if  we  read  off  the  distance  between  the  beds 
which  we  have  taken  as  boundaries,  it  becomes  48  feet.  The  com- 

bined thickness  of  Osborne  and  Upper  Headon  beds,  according  to 
the  Survey  section,  is  119  feet,  i.  e.  adopting  the  top  of  the  O.  ven- 
tricosum  bed  as  the  boundary  ;  our  estimate,  taken  at  the  north-east 
end  of  the  hill,  is  120  feet.  The  agreement  is  sufficiently  close  to 
render  it  probable  that  a  thickness  above  the  average  of  the  cal- 

careous portion  is  accompanied  at  the  same  spot  by  a  diminution  in 
the  clays ;  so  that  the  balance  of  average  thickness  is  maintained  at 
both  ends  of  the  hill.  As  we  have  said,  we  think  it  convenient  to 

retain  the  name  "  Osborne  Series"  for  the  red  and  greenish  mottled 
clays  and  marls  and  pale  greenish-white  limestones,  since  these 
physical  characters  distinguish  them  at  once  along  this  side  of  the 
Solent.  We  must  decline  to  accept  the  statement  (op.  cit.  p.  169)  that 
"  under  this  name  beds  lying  below  the  Brockenhurst  series,  as  at 
Headon  Hill,  have  been  confounded  with  others  on  a  totally  diffe- 

rent horizon,  above  the  Brockenhurst  series." 
We  next  come  to  the  Middle  Headon.  E.  Forbes  relates  (Mem. 

p.  85)  that  the  uppermost  and  lower  portions  at  Headon  Hill  are 
brackish-water  beds  abounding  in  Cerithium  ventricosum,  C.  pseudo- 
cinctum,  O.  concavum,  Neritina  concava,  and  Nematarce,  the  condi- 

tions being  less  purely  marine  than  at  Colwell  Bay.  This  is,  no 
doubt,  true  of  the  series  as  a  whole  ;  for  below  the  O.  ventricosum  bed 
there  are  two  freshwater  Limnsea-limestones.  But  it  appears  to  us 
that  too  much  has  been  made  of  this  ;  for  instance,  the  lower  Neri- 
tina-bed  is  identical  in  Headon  Hill  with  the  similar  bed  at  Warden 
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Cliff,  and  again  in  Colwell  Bay,  both  physically  and  as  to  its  fossils ; 
when  we  come  to  the  portion  of  the  series  richest  in  Cytherea  incras- 
sata  known  as  the  "  Yenns-bed  "  proper,  we  find  identically  the 
same  fossils  as  in  Colwell  Bay ;  we  cannot  detect  any  difference,  so 
far  as  our  researches  go. 

The  uppermost  bed  is  dark  greenish  clay,  varying  from  9  inches 
to  2  feet  in  thickness.  When  at  its  thickest  the  sands  above  are 
proportionally  thinner.  It  is  extraordinarily  rich  in  fossils  for  the 
depth  of  one  foot,  chiefly  Neritina  concava,  Cerithium  (Vicarya) 
concavum,  C.  ventricosum,  Corbicula  obovata,  Marginella  vittata, 

Melania  muricata,  Melanopsis  fusiformis.  "We  may  call  it  the  C.  ven- tricosum bed ;  for  this  fossil  seems  almost  confined  to  this  horizon, 
while  the  Vicarya  concava  is  found  here  all  through  the  Middle 
Headon,  though  especially  plentiful  in  this  bed ;  its  underside  is 
occupied  by  an  impure  lignite  band,  with  freshwater  shells  (Limncea 
and  Planorbis),  and  rootlets,  lying  on  a  thin  crumbly  buff  Limnsea- 
limestone.  Both  together  are  4  to  6  inches.  Below  is  verdigris- 
green  clay,  6  inches  ;  next  a  buff  freshwater  limestone  with  Limncea, 
1  foot  8  inches  to  2  feet,  the  shells  frequently  blackish  in  colour. 
These  beds  betoken  certainly  a  recurrence  of  freshwater  conditions 
after  the  brackish  bed  above.  Next  follow  truly  marine  beds — first 
stiff  green  and  grey  clay,  about  9  feet,  with  a  conchoidal  fracture 
when  dry.  The  abundance  of  oysters,  0.  velata  (Wood),  is  the  chief 
fossil  feature  ;  these  and  the  other  fossils  occur  mostly  towards  the 
base.  Such  fossils  are  Fusus  (Pisctnia)  labiatus,  Nerita  ajoerta,  Me- 

lania fasciata,  M.  muricata,  Cerithium  variabile,  C.  pseudocinctum, 
Mytilus  affinis,  Corbicula  obovata. 

The  fossils  cited  are  merely  the  most  common,  such  as  may  be 

found  in  a  few  minutes'  search  ;  but  these  being  the  most  charac- 
teristic, seem  to  us  precisely  those  required  for  the  identification 

and  correlation  of  beds. 
Comparing  the  beds  noticed  so  far  with  those  at  Colwell  Bay, 

we  observe  practically  identity  of  fossils  ;  this  last,  which  we  may 
call  the  oyster-bed,  is  identical  with  the  oyster-bed  of  Colwell  Bay ; 
in  both  localities  C.  ventricosum  occurs  above  this  bed,  and  there 
only,  so  far  as  we  know. 

Next  below  follow  alternations  of  grey  and  ochry  silts,  3  feet,  in 
which  we  observed  no  fossils.  Below  are  ]  1  feet  of  beds,  brown 
sandy  clay  above  becoming  green  clayey  sands  below,  and  then  grey 
sandy  clays  :  this  is  the  "  Venus-bed  "  of  collectors  ;  Cytherea  incras- 
sata  occurs  near  the  top  and  is  scattered  throughout  the  whole  bed, 
but  is  most  abundant  for  the  space  of  one  foot.  The  fossils  obtained 

from  the  Venus-bed  in  a  few  minutes'  search  were  Cytherea  incras- 
sata,  Mya  angustata,  Mactra  fastigiata,  Psammobia  ruclis,  P.  azstu- 
arina  (Ed.  MS.),  Nucula  headonensis,  iV.  nudata,  Trigonoccelia  clel- 
toidea,  Corbicula  obovata,  Vicarya  concava,  Ancillaria  buccinoicles, 
Fusus  labiatus,  Cancellaria  elongata,  Natica  Studeri,  N.  labellata, 
Voluta  S]pinosa,  Melanopsis  fusiformis,  Nematura  parvula,  Limnwa 
longiscata,  Planorbis  obtusus,  crab-claw  {Callianassa),  coprolite. 
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Towards  the  base  My  a  angustata  and  Corbicula  obovata  were  parti- 
cularly abundant. 

Next  below  the  Venus-hed  is  the  Trigonocoelia-bed,  chocolate- 
brown  sands,  3|  feet,  with  sometimes  a  blackish  tint ;  we  so  call  the 
bed  from  the  principal  fossil  which  occurs  at  precisely  the  same 
horizon  in  Warden  Cliff  and  Colwell  Bay ;  other  fossils  are  Ceri- 
thium  pseudocinctum,  Melanopsis  fusiformis,  Natica  labellata.  Below 
are  blackish-brown  sands,  6  inches ;  at  base  is  enough  carbonaceous 
matter  almost  to  amount  to  a  lignite  band ;  this  may  be  called  the 
Neritina-hed,  the  chief  fossils  are  Neritina  concava,  Melanopsis  fusi- 
formis,  Corbicula  obovata,  the  latter  in  perfect  condition,  very  large, 
and  showing  concentric  colour-bands.  The  Neritina-bed  occurs  in 
the  same  position  towards  the  base  of  the  series  in  Warden  Cliff 
and  Colwell  Bay.  This  can  only  be  explained  by  admitting  that 
the  marine  series  in  Totland  Bay  and  Colwell  Bay  are  identical ; 
the  Ventricosum  bed  at  the  top,  and  the  Neritina  and  TrigonocoeUa 
beds  at  the  base,  identical  in  physical  and  fossil  characters,  are 
strong  presumptive  proof  of  this. 

Below  is  very  stiff  dark-grey  clay,  1  foot  to  1  foot  3  inches ; 
fossils  occur  in  patches,  Neritina  concava,  CeritJiium  pseudocinctum, 
Melania  muricata,  Limncea,  Corbicula  obovata.  This  is  the  lowest 
bed  of  the  Middle  Headon  here.  Summing  up,  we  obtain  a  thickness 
of  from  31  feet  9  inches  to  33  feet  for  the  Middle  Headon  of  Headon 
Hill  at  the  N.E.  end.  Beading  off  the  Survey  vertical  section  by 
scale,  we  obtain  35  feet  for  it  between  the  boundaries  adopted  by 
us  *  for  the  thickness  towards  the  west  end. 

The  height  of  the  base  of  the  Middle  Headon  above  the  sea  at 
this  point,  viz.  about  120  yards  in  horizontal  distance  west  of  our 
reference-point,  is  by  subtraction  72  feet.  Direct  barometric  obser- 

vations gave  about  70  feet.  We  have  already  used  these  figures 
when  alluding  to  the  position  assigned  to  this  series. 

The  first  bed  of  the  Lower  Headon  is  a  Limnsea -limestone  of  the 
usual  buff  colour :  it  is  2  feet  thick  at  this  point ;  but  a  little  further 
west  we  obtained  a  measure  of  4  feet.  This  is  in  our  opinion  the 
well-known  bed  which  forms  the  top  of  the  Lower  Headon  in  Warden 
Cliff,  where  it  is  quite  a  marked  feature.  It  has  there  and  in  Col- 

well Bay  precisely  the  same  position  in  the  series,  supporting  the 
Middle  Headon — recognized  by  the  Neritina-hed  with  all  its  charac- 

teristic features,  the  Trigonocoelia-bed,  and  so  on.  From  Warden 
Cliff  it  is  traceable  uninterruptedly  to  How  Ledge,  where  it  disappears 
beneath  the  sea-level ;  we  therefore  speak  of  it  as  the  "  How-Ledge 
limestone."  It  is  correctly  drawn  on  the  Survey  vertical  sections, 
sheet  25,  nos.  4  and  5,  where  in  the  legend  is  a  clerical  error,  to 
which  we  have  already  alluded.  This  bed  is  so  distinctly  lacustrine, 

*  Some  irregularity  in  the  boundaries  of  the  Survey  vertical  section  is  to  be 
noticed :  viz.  in  the  Headon-Hill  Section,  no.  5,  the  boundary  is  placed  below 
the  How-Ledge  Limestone  ;  in  the  Colwell-Bay  section,  no.  4,  the  boundary  is 
placed  at  one  bed  above  the  How-Ledge  Limestone ;  this  seems  an  error  of  the 
engraver,  and  of  course  does  not  affect  the  thickness  of  the  beds. 
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being  almost  made  up  of  Limnoia  sholls  and  their  debris,  that  it 
seems  most  convenient  to  include  it  in  the  Lower  freshwater  group  ; 
and  it  makes  an  especially  good  boundary. 

The  beds  which  follow  next  below  the  LimnaBa-limostone  at  this 
spot  are  whity -brown  or  yellowish  sands,  and  sand  rock  with 
Paludina  and  Potamomya  in  layers  ;  8^-  feet  are  seen  ;  this  is  all 
that  is  exposed  of  the  Lower  Headon  here.  At  this  spot  all  the 
ground  below  is  tumble  or  undercliff ;  and  for  a  more  complete 
section  of  the  Lower  Headon  in  the  present  state  of  the  cliffs  we 
shall  do  best  to  take  the  one  exposed  in  Warden  Cliff  and  under 
Totland  Bay  Hotel,  where  the  fresh  road-cuttings  to  the  New  Pier 
have  been  of  service  to  us. 

"We  consider  that  we  have  already  sufficiently  proved  the  identity of  this  lower  limestone  in  Headon  Hill  with  the  How-Ledge  bed  of 

"Warden  Cliff ;  but  if  any  objection  be  raised  that  its  relations  to certain  specified  bands  in  the  (Middle  Headon)  Marine  series  being 
found  identical  in  both  localities  is  not  conclusive — even  though  it 
has  been  shown  that  no  other  marine  bed  exists  in  Headon  Hill — 
we  have  further  means  at  our  command.  There  are,  however,  only 
two  beds  in  Headon  Hill  with  which  the  How-Ledge  bed  could  be 
continuous :  viz.  either  it  is  the  same  as  the  thick  Upper  Headon 
limestone  (which  we  consider  impossible,  as  the  beds  both  above  and 
below  would  then  just  be  reversed,  viz.  freshwater  above  and  marine 
below,  instead  of  vice  versa),  or  it  must  be  identical  with  the  one  to 
which  we  assign  it.  It  is  possible,  however,  to  settle  the  point  by 
ocular  demonstration  *.  Though  the  How-Ledge  limestone  is 
denuded  from  the  top  of  the  curve  between  Weston  and  Widdick 
Chines,  some  of  the  lower  beds  are  traceable  the  whole  way.  Ac- 

cordingly we  can  join  on  the  section  in  Headon  Hill  to  that  in 
Warden  Cliff.  We  account  thus  for  a  continuous  section  of  beds 
from  the  lowest  seen  beds  of  the  Lower  Headon,  through  the  Middle 
and  Upper  Headon  of  Colwell  Bay,  to  the  Bemb ridge  Limestone  on 
the  north,  and  again  from  the  same  base  of  the  Lower  Headon, 
through  the  succeeding  Lower  Headon  beds  in  the  cliffs  between 
Weston  and  Widdick  Chines,  to  the  sand  below  the  How-Ledge 
limestone  at  the  N.E.  corner  of  Headon  Hill,  and  thence  up  to  the 
Bembridge  limestone  on  the  south  ;  and  we  find  that  the  section  is 
identical  in  both  eases.  There  is  only  one  Marine  (Middle  Headon) 
series,  lying  between  two  freshwater  series,  the  Lower  and  Upper 
Headon. 

Of  course,  all  this  has  been  done  before  by  the  Geological  Survey, 
and  our  work  is  nothing  but  a  confirmation  of  results  already  suffi- 

ciently established  by  E.  Porbes  and  Mr.  Bristow. 
On  our  horizontal  section  of  the  coast  we  have  endeavoured  to 

represent  the  position  of  the  beds  in  the  cliffs  and  the  extent  to  which 

*  We  are  indebted  to  the  Kev.  O.  Fisher,  F.Gr.S.,  who  specially  visited  Tot- 
land Bay  this  autumn,  for  the  information  that  the  Venus-bed  is  found  in  the 

Totland-Bay  brickyard  some  little  way  above  and  behind  the  top  of  the  cliff 
between  the  chines.  He  points  out  that  since  this  is  the  only  part  where  it  is 
missing  from  the  cliff,  it  is  the  link  needed  to  prove  that  the  bed  is  continuous 
all  through. 
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they  are  traceable ;  but  though  the  vertical  scale  is  more  than  twice 
the  horizontal,  it  is  not  possible  to  show  the  details  ;  for  these 
we  must  refer  to  the  vertical  sections. 

Lower  Heaclon  Beds  of  the  cliffs  between  Weston  and  WiddicJc 
Chines. — We  left  off  with  the  Potamomya-sands,  8J  feet  below  the 
How-Ledge  limestone  ;  these  are  easily  traceable  through  the  grass- 
slopes,  exposures  of  a  few  feet  occurring  at  intervals  all  the  way  to 
Widdick  Chine,  about  230  yards  distant.  There  good  sections  are 
seen  on  each  side  of  the  roadway ;  here  the  sands  have  in  the  upper 
part  more  clay  mixed  with  them,  as  in  Warden  Cliff.  Whiter  sands 
are  below ;  above  are  alternating  whity-brown  sands  with  bluish 
silts.  Melania  turritissima  occurs  in  the  latter,  a  shell  which  occurs, 
indeed,  in  the  Bembridge  Marls  at  Hamstead,  but  which,  in  this 
district,  we  only  know  at  one  horizon,  viz.  the  Unio  Solandri  bed, 
and  one  above  that,  at  Warden  Cliff  and  Colwell  Bay ;  we  remark 
its  analogous  position  at  Widdick  Chine.  Below  the  sands,  again,  is 
pale  greenish  clay,  3  inches ;  in  descending  order,  soft  buff  Limnaea- 
limestone,  1  foot ;  brownish  sands  with  Potamomya  and  reptile 
dermal  ossifications :  these  occupy  the  position  of  the  Crocodile-beds 
in  the  Lower  Headon  at  Hordwell ;  they  continue  along  the  cliff  as 
we  walk  northwards.  Below  is  a  carbonaceous  band  or  impure  lig- 

nite, 6  inches,  then  a  repetition  of  clays  with  carbonaceous  layers,  fol- 
lowed by  another  Limngea-liuiestone,  10  inches,  Potamomya-clays, 

4  feet,  another  Limnsea-limestone,  1  foot,  greenish  clays  with  Palu- 
dina  lenta,  Potamomya  plana,  Melanosis  brevis,  Limnaia  &c. ; 
another  Limnasa-limestone,  8  inches,  full  of  Oyrogonites,  below  that 
clay  with  carbonaceous  layers  passing  to  drab  sands,  about  2  feet ; 
then  a  lignite  layer  and  impure  Limnaea-limestone,  soft  and  crumbling 
at  the  outcrop.  The  limestone  full  of  Gyrogonites  is  noteworthy,  as 
it  occurs  only  low  down  in  the  Lower  Headon,  and  serves  to  mark 
our  position  in  the  series  at  this  spot.  Now  this  Chara-limestone  is 
exposed  again  at  the  back  of  the  Reading  Booms,  where  there  are 
the  same  five  limestones  seen  as  near  Widdick  Chine,  the  Chara-bed 
being  the  lowest  but  one ;  this  is  well  seen  behind  the  Beading 
Booms,  where  there  has  been  a  cutting  through  the  Lower  Headon 
beds  for  a  new  pathway.  It  will  be  noticed  that  we  have  passed 
five  thin  Limnaea-limestones  in  the  lower  part  of  the  Lower  Headon 
in  the  cliffs  immediately  north  of  Widdick  Chine,  and  again  behind 
the  Beading  Booms  ;  we  see  them  again  as  they  rise  from  beneath 
the  sea-level  beyond  the  new  pier  under  Warden  Cliff ;  they  are 
seen  also  in  the  recent  scarping  under  Totland  Bay  Hotel.  The 
continuity,  then,  of  the  section  from  the  five  lower  limestones  under 
Warden  Cliff  through  Weston  Chine  to  Widdick  Chine  is  undoubted ; 
and  from  there  we  continue  through  the  sands  above  to  the  How- 
Ledge  limestone  in  Headon  Hill.  The  beds  in  the  cliff  here  belong- 
entirely  to  the  Lower  Headon*. 

*  The  top  of  the  cliff  at  the  back  of  the  Reading  Eooms  has  a  capping 
of  about  7  feet  of  Post-tertiary  sand  ;  at  the  base  of  this  is  a  layer  of  flints  and 
derived  marine  fossils,  Cytherea  incrassata,  Ostrea  velata,  &c,  showing  that 
the  marine  Middle  Headon  series  existed  here  above  this  level.  This  Post- 
tertiary  sand  lies  on  the  (Lower  Headon)  Warden  sands. 
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Lower  Headon  of  Warden  Cliff. — The  lowest  beds  seen  are  below 
the  Totland  Bay  Hotel  at  Weston  Chine.  We  therefore  start  from 
here  in  making  a  measure  of  the  Lower  Headon  series,  meeting  higher 
beds  as  we  go  north  towards  Warden  Point.  The  details  of  this 
measurement  are  given  in  the  vertical  section,  fig.  2  (p.  98)  ;  we  need 
here  allude  to  only  a  few  of  the  beds.  The  lowest  bed  seen  in 
Totland  Bay  is  a  few  yards  south  of  the  Coast-guard  boathouse ; 
here  are  visible,  in  ascending  order,  whity-brown  sands,  1|  foot,  a 
hard  purple  sandy  ironstone,  6  inches,  greenish  clay,  4  feet. 

In  our  vertical  section,  fig.  2,  we  have  drawn  an  interruption  in  these 
clays,  because  we  are  not  absolutely  sure  that  they  are  identical  with 
the  similar  clay  in  the  road-cutting  at  the  pier-head  on  the  other 
side  of  the  boathouse;  there  is  little  doubt  of  it,  however.  At  the 
pier-head  are  seen  3  feet  of  clay  in  the  road-cutting  (after  our 
section  was  drawn,  on  a  later  visit,  a  drain-opening  showed  feet)  ; 
and  from  this  point  the  section  is  continuous  without  interruption. 
There  is  therefore  only  a  possibility  of  error  of  a  few  feet. 

Five  thin  Limnsea-limestones  will  be  noticed.  The  two  lowest 
contain  Chara-seeds  at  the  pier- head ;  on  following  them  to  their 
outcrop  along  the  shore  it  is  found  that  the  fourth  of  them  also 
has  Chara-seeds  at  that  point ;  the  fifth,  1  foot  3  inches  thick,  is 
50  feet  below  the  top  of  the  How-Ledge  limestone,  or  top  of  the 
Lower  Headon. 

From  the  top  of  the  cliffs  these  limestones  may  be  seen  at  low 
water,  forming  five  submarine  ledges  parallel  to  the  great  ledge  at 
Warden  Point;  they  strike  N.  36°  W. 

As  there  is  great  uniformity  in  these  freshwater  beds,  and  their 
fossils  mostly  occur  in  the  Upper  Headon  also,  we  pass  over  many  beds 
to  notice  the  sand-rock  bed,  which  is  a  conspicuous  feature  in  Warden 
Cliff.  This  sandstone,  somewhat  calcareous  at  places  and  friable  at 
others,  forms  Warden  Ledge,  and  runs  out  at  the  top  of  the  cliff 
close  below  the  flagstaff  of  the  coast-guard  station. 

About  11  feet  above  that  comes  the  Unio  Solandri  bed*  with 
Melania  turritissima,  a  bed  of  which  we  have  already  noted  a  portion 
in  the  cliff  at  Widdick  Chine  ;  the  M.  turritissima  occurs  through 
a  greater  thickness  of  the  11^  feet  of  clays  than  does  the  Unio. 
Next  comes  the  How-Ledge  limestone,  5  feet,  in  two  beds  containing 
Limncea  fusiformis,  with  a  carbonaceous  or  lignitic  band  at  the  base. 
The  shells  are  more  crowded  at  the  base ;  and  the  lower  surface  of 
the  blocks  fallen  from  the  cliff  is  a  sight  pleasing  to  the  collector 
of  fossils.  The  dip  of  this  bed  in  Warden  Cliff,  calculated  from  its 
horizontal  extension  on  the  25-inch  map,  between  its  position  at  How 
Ledge  at  sea-level  and  a  point  of  known  elevation  near  the  flag- 

staff, is  a  slope  of  about  1  in  45.  This  How-Ledge  bed  crops  out  at 
the  top  of  the  cliff,  a  little  north  of  the  coast-guard  flagstaff ;  it  is 

*  The  Unio-bed  with  Melania  turritissima  occupies  an  analogous  position  at 
Hordwell  Cliff,  being  at  about  the  same  distance  below  the  Lynmsea-limestone 
(which  is  a  diminutive  representative  of  the  How-Ledge  bed),  where  it  has  pre- 

cisely the  same  lithological  characters  with  the  same  abundance  of  black  seeds 
(Carpolithes)  as  at  Colwell  Bay  and  Warden  Cliff ;  it  crops  out  again  with  the 
same  fossils  on  the  shore  immediately  south  of  Milford. 



OS H.  KEEPING  AND  E.  B.  TAWNEY  ON  THE  BEDS  AT 

Fig.  2.- 

ft.  in. 
5  0 

5  0 

6  6 

1  0 
5  0 

10  0 

2  0 

3  0 
1  3 

i|-4  0 
0  6 

5  0 

0  6-£ 2  0 
0  4 

4-4|  0 

0  6 
1  6 

Vertical  Section  of  Loiver-Headon  (freshwater)  Beds  e, 
betiueen  Weston  Chine  and  Warden  Cliff. 

(Scale,  12  feet  to  the  inch.) 

Limncea- limestone,  in  two  beds,  buff  colour. 
How-Ledge  bed;  extends  from  How  Ledge  to  Coast-guard Station. — L.fusiformis. 
Lignitie  or  carbonaceous  band. 

Pale  grey  clays,  rather  mottled.   Paludina  at  intervals. 

{Alternating  greenish  and  greyer  clays,  rather  sandy  below, but  more  so  above.  Melania  turritissima  and  other  fos- 
sils in  layers  at  intervals, 

Unio-hed. 
Laminated  grey  sandy  clay,  with  TJnio  Solandri,  Mel.  turritissima. 

Stiff  clays,  grey  or  brown  in  places, 

Sandy  grey  clay,  more  sandy  above,  with  Paludina  lenta,  Mela- nopsis  brevis,  Potamomya  plana,  TJnio  Solandri. 
Pale  whity-brown  crumbling  sand-rock,  "i  c  deverdita 

with  strings  of  clay.  /  ̂Tena  aeperdita. 
Ferruginous  sand-rock,  variable  in  thickness,  with  Lim  ncea,  &e. 
Concretionary  calcareous  sand-rock, forms  Warden  Ledge. Limncea,  Potamomya. 

White  and  whity-brown  sands,  Potamomya  in  layers  at  intervals. 

Stiff  grey  or  sandy  clay,  with  Potamomya  crowded  together. 
Lignitie  hand. 
Greenish  clay.   Potamomya  gregaria. 
Buff-coloured  limestone,  with  Limncea. 
Lignitie  or  carbonaceous  band. 
Greenish-grey  clays. 

Soft  crumbling  buff  limestone,  with  Limncea  longiscata. 
Grey  marly  clay. 
Buff  limestones,  with  Limncea. 

Greenish  clay. 

[bed. 

Buff  compact  limestone,  with  Cliara-see&s  (Gyrogonites)  Chara- 
Whity-brown  sand-rock,  with  lignitie  band  below. 
...Buff  limestone,  with  a  few  Cktra-seeds. •••Carbonaceous  layers. 
Green  clay  (behind  wall  at  Pier-head). 
...Green  clay,  a  little  south  of  Coast-guard  boathouse. 
•"Nodular  purple-red  ironstone  band. 
Pale  yellowish  or  whity-brown  sands. 

Total         70-71  feet. 
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denuded  away  in  the  centre  of  Totland  Bay.  It  cannot,  however, 
have  been  many  feet  above  the  present  cliffs  near  Widdick  Chine, 

while  a  little  south  of  that  it  exists  in  the  cliff.  At  the  1N".E.  corner 
of  Headon  Hill  we  noted  it  at  a  height  of  70  feet  above  the  sea  ;  it 
is  well  seen  also  in  the  cliffs  near  Heatherwood  Point,  where  it  has 
a  somewhat  higher  elevation. 

There  is  evidence  of  an  anticlinal  in  Totland  Bay,  as  indicated  in 

E.  Porbes's  sketchy  diagram  ;  the  summit  of  the  anticlinal  we  infer 
to  be  near  the  old  wooden  pier. 

If  we  add  up,  we  obtain  a  thickness  for  the  Lower  Headon  exposed 
in  Warden  Cliff  of  71 1  feet  (supposing  no  interruption  at  the  point 
specified  above).  It  remains  to  settle  the  relation  of  the  lowest  bed 
here  seen  to  the  Upper  Bagshot  Sands. 

The  junction  of  the  Lower  Headon  with  the  Upper  Bagshot  is  well 
seen  north  of  Alum-Bay  Chine;  immediately  above  the  Upper  Bagshot 
sands  come  greenish-grey  clays ;  then,  in  ascending  order,  alternation 
of  clays  and  sands ;  next,  pale  greenish-grey  sands  ;  then  a  stiff  marly 
clay  :  total  16  feet.  Above  is  a  purplish  red  cla3T-ironstone  band; 
and  succeeding  that  is  the  first  thin  Limnaea-limestone. 

If  we  consider  this  red  iron-band  to  be  at  the  same  horizon  as 
that  noticed  under  Weston  Chine,  as  is  extremely  probable  (though 
it  is  some  4  feet  nearer  to  the  lowest  Limnasa-limestone),  then  we 
must  add  12  or  16  feet  to  the  71  feet  obtained  for  the  Lower  Headon 
in  Warden  Cliff,  making  a  total  of  83  or  87  feet  before  we  reach  the 
yellowish  sand  of  the  Upper  Bagshot. 

Knowing  now  the  full  thickness  of  the  Lower  Headon,  we  are 
able  to  test  the  argument  as  to  the  position  of  the  Upper  Bagshot,  or 
Headon  sands,  as  they  were  once  called  by  E.  Forbes  (Hem.  p.  34-6), 
in  Totland  Bay.  It  is  stated  (op.  cit.  p.  147)  that  the  Survey 
actually  represent  these  as  occurring,  in  both  the  Yertical  and  Hori- 

zontal Sections,  near  the  summit  of  the  anticlinal  in  Totland  Bay*. 
There  seems  a  little  inconsistency  in  the  Survey  Yertical  Sections 

concerning  both  boundaries  of  the  Lower  Headon ;  if  we  may  classify 
these  green  clays  in  the  Lower  Headon,  and  then  read  off  by  scale  from 
the  top  of  the  How-Ledge  bed,  the  Survey  Section  would  give  a  thick- 

ness of  85  ft.  for  the  Lower  Headon  in  Totland  Bay. 
It  is  urged  "that  the  Headon-Hill  sands  do  uot  occur  in  the 

position  indicated  by  the  Geological  Survey ;"  and  the  crucial  test  of 

*  We  pointed  out  above  that  the  Survey  Yertical  Section  [edition  1870]  shows 
them  only  just  above  the  sea-level  at  a  point  some  way  inland.  The  Yertical 
Section  we  are  inclined  to  interpret  in  this  way — that  the  beds  denoted  Upper 
Bagshot  in  Totland  Bay  are  what  we  have  classed  in  the  Lower  Headon  ;  for  the 
legend  states,  below  the  "clay-ironstone  "  are  6  inches  sand  in  "  Totland  Bay," 
then  "  green  clay  with  lenticular  patches  of  sand "  15  feet,  so  that  the  de- 

scription agrees  fairly  with  our  lowest  beds  at  Heatherwood  Point.  The  Survey 
Section  does  not  state  that  these  were  exposed  in  the  centre  of  Totland  Bay ;  but 
as  Heatherwood  Point  is  the  western  point  of  the  bay,  we  may  assume  that 
they  may  have  been  seen  anywhere  short  of  that  point  along  the  base  of  Headon 
Hill,  where  it  is  quite  certain  that  they  exist,  and  must  have  been  open  at  that 
time  at  more  points  than  one  ;  for  the  white  glass-house  sands  were  then  being 
actively  worked  in  Headon  Hill,  and  the  yellower  sands  above  them  may  still 
be  seen  about  a  mile  from  the  N.E.  corner  of  Headon  Hill. 
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the  excavations  at  the  new  Beading  Booms  is  supposed  to  prove 
"  that  beds  are  [there]  found  which  have  their  exact  counterpart  in 
the  Headon-Hill  section,  not  at  the  base,  but  at  a  much  higher  part 

of  the  series."  "We  can  readily  understand  that  the  Upper  Bagshot sands  were  not  found  in  the  excavation;  we  could  even  have 
predicted  the  fact  beforehand ;  from  a  rough  calculation,  we  estimate 
that  the  sands  are  above  a  dozen  feet  below  the  foundation.  In 
favour  of  this  view,  we  may  add  that,  when  the  old  wooden  pier  was 
being  made,  one  of  us  heard  from  those  engaged  in  the  work,  that 
the  piles  were  driven  with  difficulty  because  of  their  piercing  solid 
sand  *. 

But  putting  aside  the  question  as  to  their  exact  depth  here  below 
the  Beading  Booms,  we  are  able  to  refute  the  notion  that  any  thing 
higher  than  Lower  Headon  beds  exist  here.  As  mentioned  above,  we 
recognized  immediately  behind  the  Beading  Booms  the  live  Lymnaea- 
limestones  which  come  below  the  Potamomya-sand,  both  at  Widdick 
Chine  on  the  south,  and  Weston  Chine  on  the  north,  between  which 
places  the  sands  may  be  traced  almost  continuously.  The  whole  of  the 

cliffs  between  Weston  and  WTiddick  Chines  are  occupied  solely  and 
throughout  by  Lower  Headon  beds  (neglecting  the  cap  of  Post- 
tertiaries).  All  this  part  of  the  section  (op.  cit.  pi.  vii.  f.  2)  is  in- 

accurate, in  consequence  of  the  Middle  Headon  being  placed  too  low 
in  Headon  Hill. 

Middle  Headon  of  Warden  Cliff. — Again,  we  cannot  agree  with 
that  part  of  the  section  between  Weston  Chine  and  Warden  Point. 
Here  no  marine  bed  is  indicated ;  for  in  fig.  3,  the  section  drawn  to 
true  scale,  the  Colwell  bed  is  made  to  die  out  before  the  Warden 
battery  is  reached,  which  is  occupied  by  an  exaggerated  thickness  of 
gravel  f . 

There  is  no  fact  more  patent  to  any  observer  than  that  the  Col- 
well-Bay  marine  bed  extends  all  through  Warden  Point  and  Cliff, 
where  it  is  supported  by  the  How-Ledge  limestone.  We  made  a 
measure  in  detail  of  the  Colwell  marine  bed  (Middle  Headon)  at  a 
point  about  midway  between  Warden  Battery  and  Weston  Chine  ;  it 
is  here  34^-  feet  thick  ;  we  noticed  there  the  Neritina-bed }  with  its 
characteristic  features  and  fossils  below  the  Venus-bed  as  at  Col- 

well Bay  and  Headon  Hill.  It  would  be  wearisome  to  give  all  the 
details  ;  but  the  Colwell  bed  here  is  easily  recognizable  as  identical 
with  the  Middle  Headon  of  Headon  Hill,  both  physically  and  pahe- 
ontologically.  At  Warden  Battery,  above  the  Middle  Headon,  comes 
some  Upper  Headon  §  besides  the  Post-tertiary  cap. 

In  the  section  drawn  to  true  scale  (pi.  vii.  fig.  3)  the  Colwell- 
Bay  marine  bed  has  its  horizontal  extension  curtailed  by  almost  one 

*  The  iron  columns  of  the  new  pier  are  stated  to  pierce  a  bluish  clay ;  we 
should  interpret  this  to  indicate  the  clays  immediately  above  the  Upper  Bagshot 
Sands,  and  which  are  described  as  greenish  in  the  Survey  section. 

t  We  cannot  reconcile  this  with  fig.  2  of  the  same  plate,  where  the  marine 
bed  is  more  nearly  correctly  drawn. 

\  Previously  noted  as  bed  16  by  Dr.  Wright,  Proc.  Cotsw.  Club,  i.  p.  95,  and 
Ann.  &  Mag.  Nat.  Hist.  s.  2,  vol.  vii. 

§  Described  by  Dr.  Wright  in  1850  as  bed  5,  Proc.  Cotsw.  Club,  i.  p.  90. 
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half;  the  result  is  that  the  dip  is  considerably  exaggerated.  Again, 
in  Headon  Hill  an  exaggeration  of  dip  is  produced  by  the  error  of 
105  ft.  in  plotting  the  marine  beds.  The  effect  is  that  the  identical  bed 
(Middle  Headon)  is  split  into  two  beds  separated  by  120  ft.  of  beds. 
Prom  our  point  of  Yiew  this  could  only  be  done  by  counting  more 
than  100  ft.  of  beds  twice  over.  In  the  legend  attached  to  the  diagram 

section  fig.  2,  "  new  interpretation,"  the  beds  g  are,  in  our  opinion, 
the  Lower  Headon ;  f  is  the  Middle  Headon  ;  e  the  Upper  Headon  ; 
d  and  c  are  the  Lower  Headon;  b  is  the  Middle  Headon  again. 
According  to  the  old  view,  which  we  certainly  should  prefer,  this  last 
105  ft.  has  no  existence  in  fact*. 

Loiuer  Headon  of  Colwell  Bay. — The  section  in  Colwell  Bay  is 
continuous  with  that  of  Warden  Cliff ;  but  in  the  bay,  as  we  go 
north,  a  few  lithological  changes  occur  in  the  marine  beds  f ,  as 
noticed  below,  and  which  cause  the  marine  beds  at  one  part  of  Col- 

well Bay  to  differ  far  more  from  the  same  beds  at  the  centre  of  the 
bay  than  the  latter  do  from  the  marine  beds  of  Headon  Hill.  On 
rounding  Warden  Point,  beyond  the  sea-wall,  is  a  small  rifle-target ; 
and  from  here  the  beds  are  fairly  well  exposed  throughout  the  bay, 
though  tumbled  portions  or  a  diminutive  undercliff  may  conceal 
some  of  the  beds  in  places,  sufficiently  to  give  considerable  trouble 
in  measuring  the  beds. 

The  Unio-Solandri  bed  with  Melania  turritissima  has  been  fre- 
quently worked  by  one  of  us  below  the  How-Ledge  limestone  here 

but  this  summer  we  could  only  find  tumbled  portions  of  it.  The  said 
limestone  rises  from  beneath  the  sea-level  at  How  Ledge  t,  whence 
its  appellation,  and  crosses  Colwell  Chine  ;  here  and  at  the  target  it 
has  the  same  lignitic  band  and  clays  beneath  it  as  on  the  south  side 
of  Warden  Cliff ;  it  thins  down  to  3  ft.  north  of  the  chine.  We 
mention  these  upper  beds  of  the  Lower  Headon  to  show  that  the 
Colwell-Bay  marine  bed,  as  at  Warden  Cliff,  reposes  on  the  same 
succession  of  beds  as  in  Headon  Hill. 

Middle  Headon  of  Colwell  Bay. — The  lowest  or  Neritina-bed  at 
the  S.W.  end  of  the  bay,  by  the  target,  is  now  covered  by  tumbled 
matter,  but  is  well  seen  a  little  further  on  about  50  yards  short  of 
Colwell  Chine.    Here,  i.  e.  between  the  target  and  the  chine  in  the 

*  The  diagram  in  Forbes's  posthumous  work  is  so  schematic  that  it  omits the  higher  part  of  Headon  Hill,  and,  perhaps  for  clearness  sake,  the  effect  of 
the  anticlinal  is  exaggerated.  It  is  rather  severe  to  treat  it  as  if  it  were  drawn 
to  scale,  and,  because  the  Upper  Bagshot  Sands  were  brought  up  too  much  in 
the  centre  of  the  roll,  to  say  that  E.  Forbes  was  "mistaken  in  his  interpretation" 
(op.  cit.  p.  176)  of  the  beds.  Forbes's  diagram,  in  fact,  with  this  qualification, 
represents  the  beds  in  their  right  position  ;  thus  the  Lower  Headon,  no.  6,  occu- 

pies the  summit  of  the  cliffs  in  the  centre  of  Totland  Bay,  while  no.  7,  Middle 
Headon,  is  denuded  from  above  it — all  which,  is  perfectly  correct. 

t  Since  Warden  Battery  has  been  built  it  is  forbidden  to  search  for  fossils 
on  the  slopes  at  Warden  Point.  Many  years  ago  one  of  the  authors  was  in  the 
habit  of  frequently  exploiting  the  beds  here  for  fossils,  and  many  of  them  are 
incidentally  described  by  Dr.  Wright,  Proc.  Cotsw.  Club,  i.  pp.  91,  92  (1850). 
The  engineers,  however,  have  not  succeeded  in  grassing  all  the  slopes,  and  fallen 
fossils  may  still  be  picked  up  at  the  base. 

%  Bed  18  of  Dr.  Wright,  who  describes  it  correctly  in  Warden  Cliff,  but 
appears  to  have  mistaken  its  position  in  Headon  Hill  {ib.  p.  95). 

Q.  J.  G.  S.  No.  146.  i 
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Marine  series  above  the  Neritina-bed,  is  some  foxy-coloured  sand- 
rock,  while  lenticular  layers  of  white  sand  are  seen  thinning  out  in 
the  grey  clays,  which  also  contain  red-clay  ironstone  nodules,  a  dif- 

ferent lithological  condition  from  what  occurs  further  north  in  the  bay, 

or  to  the  south  of  "Warden  Point.  Above  comes  the  richest  part  of  the 
Venus -bed  with  abundant  Cytherea  incrassata ;  these  fossils  not  only 
strew  the  tumbled  clays,  but  with  other  fossils  are  commingled  by  the 
waves  with  recent  shells  on  the  strand.  At  this  point  of  the  bay  Ostrea 
velata  is  very  abundant  above  the  part  richest  in  Cytherea. 

In  the  centre  of  the  bay  between  Colwell  and  Bramble  Chines 
this  oyster  is  in  extraordinary  abundance ;  at  one  place  it  nearly 
crowds  out  most  of  the  other  fossils,  and  forms  a  massive  oyster- 
bank  about  21  ft.  thick  *,  of  which  the  lower  12  ft.  is  almost 
made  up  of  these  shells.  The  ordinary  character  of  the  Venus- 
bed  is  quite  altered  here,  though  its  fossils  occur  mixed  up  with 
the  oysters ;  we  may  notice  as  especially  abundant  Murex  seooden- 
tatus,  Pisania  labiata,  Natica  labellata,  Nerita  aperta,  Cerithium 
variabile,  Ostrea  velata,  Nucula  headonensis,  Cytherea  incrassata,  &c. 
On  either  side  of  this  spot,  near  both  How  Ledge  and  Bramble  Chine, 
the  excess  of  oysters  has  disappeared,  and  they  are  chiefly  abundant  in 
a  zone  above  the  richest  part  of  the  Venus-bed,  though  they  do  occur 
sparingly  throughout.  Cytherea  incrassata  occurs  through  several 
feet,  but  the  richest  part  of  the  Venus-bed  consists  of  about  9  inches 
of  bluish-green  sand  ;  in  this  the  shells  are  found  in  the  best  state 
of  preservation.  Above  the  grey  and  greenish-grey  sandy  clays 
richest  in  marine  forms  are  some  pale  bluish-green  clayey  sands, 
between  Bramble  and  Linstone  (or  Lynchen)  Chines ;  in  these,  at 
the  level  of  about  5  feet  from  the  base,  is  a  band  very  rich  in  Ceri- 

thium ventricosum,  C.  variabile,  Melania  muricata,  Corbicula  obovata, 
with,  occasionally,  Merita  ;  this  bed  is  seen  just  beyond  the  spring  at 
Linstone  Chine,  it  is  only  a  few  feet  below  the  base  of  the  Upper 
Headon.  We  wish  to  draw  attention  to  the  first-named  fossil,  as  it 
occurs  also  near  the  top  of  the  marine  beds  at  Headon  Hill,  i.  e.  in 
quite  an  analogous  position. 

Upper  Headon  of  Colwell  Bay. — The  slate-coloured  grey  clay  with 
Potamomya  f  (immediately  succeeding  the  bluish-green  sands)  we 
take  as  the  base  of  the  Upper  Headon.  A  detail  vertical  section 
is  given  (fig.  3),  in  order  to  show  the  lithological  differences 
existing  between  the  series  here  and  equivalent  beds  in  Headon  Hill. 
We  do  not,  however,  think  them  greater  than  the  differences  already 
noticed  as  occurring  in  the  marine  series  in  different  parts  of  Col- 

well Bay,  while  the  resemblances  are  sufficiently  great  to  allow  of 
their  perfect  correlation — not  to  mention  their  position  between  the 
Osborne  beds  above  (so  identical  with  the  Osborne  beds  of  Headon 
Hill)  and  the  marine  series  below,  which  we  have  shown,  on  strati- 
graphical  grounds,  is  most  certainly  identical  with  the  Middle  Headon 
of  Headon  Hill.  The  differences  consist  here  in  a  greater  develop- 

ment of  sand  and  a  reduction  of  limestone :  the  sands  at  the  base 

*  Bed  12  of  Dr.  Wright  (ib.  p.  92),  who,  however,  much  underrates  its  thickness, 
t  Base  of  bed  no.  5  of  Dr.  Wright  {ib.  p.  91). 
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Fig.  3. —  Vertical  Section  of  Upper  Headon  Beds  in  Col  well  Bay. 
(Scale,  8  feet  to  1  inch.) 
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are  considerably  thicker  here  than  at  Headon  Hill ;  their  character 
is  very  variable  even  in  different  parts  of  Colwell  Bay.  The 
Limnasa-limestone  has  here  a  rnnch  reduced  thickness,  as  mentioned 
previously. 

Among  the  other  beds  we  may  specially  notice  the  horizon  of 
Cyrena  Wrightii :  it  occurs  in  the  nodular  ferruginous  sand-rock 
with  Corbicula  obovata,  also  in  the  sand  immediately  above  the 
Limna3a-limestone,  and  again  in  some  of  the  clays  below.  Another 
fossil  that  we  have  only  observed  at  one  horizon  is  the  C&rithium 
trizonatum  (Morr.) ;  it  occurs  in  the  pale  greenish  clays  beneath  the 
limestone,  occupying  only  a  narrow  band  in  these  clays.  Equally 
characteristic  is  Serpida  tenuis  (Sow.),  which  occurs  at  the  same 
horizon  both  here  and  at  Headon  Hill,  viz.  in  the  Upper  Potamomya- 
clay  just  above  the  limestone. 

The  Paludina-clays  at  the  top  are  identical  with  those  of  Headon 
Hill  at  the  top  of  the  thick  limestones.  Measurement  by  tape  here 
gave  15  feet ;  total  of  the  Upper  Headon  near  Cliff  End  46^-  feet. 

Osborne  Beds  of  Cliff  End. — The  red  and  greenish  mottled  marls 
of  the  Osborne  series  follow.  These  beds  show  for  a  few  yards  only, 
and  then  become  hidden  under  the  grass  which  the  engineers  have 
grown  on  the  artificial  slopes  below  the  battery.  One  of  us  well 
remembers  the  numerous  little  faults  (14  are  enumerated  by  the 
Survey,  as  cited  above)  which  repeated  the  Limnaea -limestone. 
Beyond  the  battery  the  Osborne  beds  form  the  tumbled  cliff ;  a 
measurement  is  no  longer  to  be  made  with  profit.  Mr.  Bristow 
gives  62  feet  for  the  series  here. 

III.  Pal^ontological  Evidence. 

The  question  now  arises,  Does  the  distribution  of  fossils  bear  out 
the  separation  of  the  Colwell-Bay  and  Headon-Hill  marine  beds 
and  their  reference  to  different  horizons  ?  and  does  it  sanction  the 

notion  of  the  Brockenhurst  bed  being  equivalent  to  the  Colwell-Bay 
bed? 

Two  lists  of  fossils  are  laid  before  us,  viz.  one  which  mixes  up  the 
fossils  from  the  Brockenhurst,  Whitecliff  Bay,  and  Colwell-Bay 
localities,  and  the  other  which  gives  those  from  the  marine  beds  of 
Headon  Hill  and  Hordwell  Cliff ;  of  the  hundred  forms  (in  round 
numbers)  which  occur  in  the  latter  list,  it  is  said  (op.  tit.  p.  .150) 

"  less  than  one  half  occur  at  the  other  three  places." 
We  may  urge  at  the  commencement  that  it  comes  rather  near  to 

begging  the  question  to  mix  up  Colwell-Bay  with  Brockenhurst-series 
localities.  We  conceive  one  of  the  main  points  in  dispute  to  be 
whether  the  Colwell-Bay  bed  has  any  more  affinities  with  the 
Brockenhurst  fauna  than  has  the  Headon-Hill  bed  ;  and  to  this  sub- 

ject we  shall  address  ourselves  after  we  have  first  compared  the 
fauna  of  the  Colwell-Bay  and  Headon-Hill  marine  beds. 

The  first  thing  to  be  done  is  to  separate  the  faunas  of  all  the 
localities  which  are  to  be  compared  together ;  this  we  have  done  in 
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the  lists  at  the  end  of  this  communication.  These  have  been  drawn 
np  from  an  inspection  of  the  Edwards  collection  of  Tertiary  fossils 
in  the  British  Museum  f ,  while  we  have  added  many  occurrences 
from  our  researches  this  summer,  and  we  believe  our  list  to  be  fairly 
correct. 

We  do  not  admit  that  the  Edwards  collection  is  sufficient  for  a 
full  knowledge  of  the  distribution  of  English  Tertiary  fossils  :  e.  g.  if 
a  certain  shell  does  not  exist  in  the  Edwards  collection  from  Colwell 
Bay,  it  is  no  proof  that  it  does  not  occur  there,  but  simply  that 
Mr.  Edwards  had  better  specimens  of  it  from  Headon  Hill,  which 
was  considered,  as,  indeed,  it  is,  an  equivalent  bed.  The  greater 
part  of  the  Edwards  collection  was  made  by  the  hands  of  one  of  the 
authors ;  but  we  do  not  think  it  possible  to  establish  from  this  col- 

lection that  Colwell  Bay  contains  so  many  marine  forms  which  do 
not  occur  in  Headon  Hill,  and  therefore  that  the  marine  beds  at  these 
localities  are  not  on  the  same  horizon. 

The  following  reasons  induce  us  to  say  this : — It  was  the  habit  of 
the  local  collectors  to  exploit  the  Colwell-Bay  bed  far  more  than  the 
Headon-Hill  locality,  because  it  was  more  accessible  and  showed 
a  larger  extent  exposed  ;  the  fossils  were  better  preserved,  and  in 
every  respect  it  was  easier  to  collect  from.  Again,  some  species 
which  one  of  us  supplied  to  Mr.  Edwards  from  Headon  Hill  were 
not  incorporated  in  this  collection,  probably  owing  to  his  having 
better  ones  from  Colwell  Bay ;  and  doubtless  they  were  exchanged 
with  foreign  correspondents  or  given  away.  These  two  con- 

siderations would  serve  to  account  for  his  Colwell-Bay  collection 
being  richer  than  his  Headon-Hill  one.  Corroborative  of  this  is 
the  fact  that  in  a  few  days' .  search  this  summer  we  have  found 
several  species  in  the  marine  bed  at  Headon  Hill  which  do  not  exist 
in  the  Edwards  collection  from  that  locality. 

Moreover  we  hold  that  the  best  test  as  to  the  contemporaneity 
of  these  beds  is  not  to  be  obtained  from  the  rarer  forms,  which  may 
be  evidenced  only  by  a  single  example,  but  from  a  comparison  of  the 
commoner,  which  we  should  consider  the  more  characteristic  forms. 
Accordingly  we  add  a  list  of  the  species  obtained  by  us  this  summer 
from  the  Middle  Headon  of  both  localities  :  H  indicates  Headon 
Hill ;  C  the  equivalent  bed  at  Colwell  Bay. 

List  of  all  the  Shells  obtained  on  the  ground  by  the  authors  for  the 
purposes  of  this  paper  (Aug.  1880). 

(Those  with  an  asterisk  pass  up  from  Barton  beds.) 

*Lamna  contortidens  (Ag.)   ...  C,H. 
Marginella  vittata  (Edw.)   H. 

*Voluta  spinosa  (Lam.)    0,  H. 
Pleurotoina  headonensis  (Edw.).C,  H. 

*          denticula   (Bast.),  var. 
odontella  (Ed.)    C,H. 

*Borsonia  sulcata  (Bou.)   C. 
*Riinella  rimosa  {Sol.)    C,  H. 
Murex  sexdentatus  (Sow.)          C,  H. 
 sp   H. 

Pisania  labiata  (Sow.)    C,  H. 
*Cominella  fiexuosa  (Ed.  31S.)   C,  H. 

t  "We  are  greatly  indebted  to  the  Keeper  of  the  Geological  Department,  Dr. H.  Woodward,  F.P.S.,  for  his  courtesy  in  allowing  us  access  to  the  collection, 
even  during  the  laborious  process  of  packing  np  and  moving  the  national  col- 

lection to  the  new  building  at  South  Kensington. 
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List  of  Shells  {continued). 

*Ancillaria  buccinoides  {Lam.)  0,  H. 
*Natica  Studeri  (JBronn)   C,H. 
*  labellata  (Lam.)    0,  H. 
Cancellaria  muricata   (  Wood)  0,  H. 

 elongata  (M/st)   C,  H. 
Odostomia  gracilis  (Ed.  M S.)  0. 
Scalaria  tessellata (Ed.  MS.)...  C. 

*Cerithium  variabile  (Desk.)  ...  C,  H. 
*          pseudocinctum  (d'Orb.)  C,  H. 

 duplex  (Sow.)    H. 
 ventricosum  (Sow.)    0,  H. 
 varians  (Ed.  MS.)    C,  H. 
  (Vicarya)  coucavum 
(Sow.)   C,H. 

Melania  fasciata  (Sow.)....   C,  H. 
 muricata  (Sow.)    0,  H. 

Hydrobiabulinioides^.  MS.)  C,  H. 
Melanopsis  subfusiformis 
(Morr.)  .   C,H. 

 fusiformis  (Sow.)    C,  H. 
Actaeon  dactylinus  (Ed.  MS.)  .  0. 
Neinatura  parvula  (Desk.)    ...  C,  H. 
Merita  aperta  (Sow.)  ,„;  C,  H. 

 zonula  ( Wood)   0,  H. 
Neritina  concava  (Sow.)    C,  H. 
Bulla  festuarina  (Ed.  MS.)  ...  C,  H. 
Lminasa  longiscata  (Sow.)   C,  H. 

Planorbis  euompbalus  (Sow.)  C,  H. 
 obtusus  (Sow.)   C,H. 

Paludina  lenta  (Sow.)    C,  H. 
Ostrea  velata  ( Wood)    C,  H. 

*Mytilus  affinis  (Sow.)    C,  H. 
*Trigoiiccelia  deltoidea  (Lam.) ,  C,  H. 
Leda  propinqua  ( Wood)  ......  0, H. 
Nucula  lieadonensis  (Forbes)  C.  H. 
— —  nudata  (  Wood)   0,  H. 
Lucina  (Strigilla)  colvellensis 

(Ed.  MS.).....   0,H. 
Cytberea  suborbicularis 

(Ed.  MS.)   0,  H. 
*  incrassata  (Sow.)    C,  H. 
Tellina  lieadonensis  (Ed.  MS.)  C,  H. 
[*]Psammobia compressa  (Sow.), 

var.  asstuarina  (Ed.  MS.)...  C,  H. 
 rudis  (Lam.)   ...  0,  EL 

Mactra  fastigiata  (Ed.  MS.)...  C,H. 
*Mya   angustata  (Sow.) =-pro- ducta  (Ed.  MS.)    C,  H. 
*Corbula  cuspidata  (Sow.)          0,  H. 
Corbicula  obovata  (Sow.)          C,  H. 
Cyrena  cjrcladiformis  (JDesh.).  0,  H. 

*Balanus  unguiformis   (Sow.).  0,  H. 
Oallianassa  Baylii  (Woodw.).  C,H. 

Faunas  of  Middle  Ueadon  from  Colwell  Bay  and  Headon  Hill 
compared. 

The  above  list  contains  only  the  commoner  forms,  such  as  may  be 

found  in  a  few  days'  search.  Out  of  a  total  of  58  species  it  will  be 
observed  that  all  but  7  were  found  by  us  in  both  localities  *,  and  all 
but  three  are  known  to  be  common,  or,  again,  a  proportion  of  94  per 
cent,  of  commoner  Colwell-Eay  forms  occur  at  Headon  Hill  f.  Surely 
from  this  we  may  presume  a  very  close  affinity  if  not  identity  of 
these  beds.  It  is  stated  (op.  cit.  p.  150)  that  less  than  one  half  of 
the  Headon-Hill  and  Hordwell  species  occur  at  Colwell  Bay — a 
result,  it  seems  to  us,  only  obtained  by  mixing  up  fossils  from 

Brockenhurst  and  "Whiteclrff  Bay  in  the  same  list  with  the  Colwell forms.  We  shall  show  below  that  the  fossils  cited  from  these  two 
latter  localities  belong  to  a  lower  zone. 

Next  as  to  the  statement  that  at  Colwell  Bay  "the  strata  are  of 
purely  marine  origin  "  while  "  the  so-called  Middle  Marine  beds  of 
Headon  Hill  and  Hordwell  Cliff  are  of  totally  different  character  " 

*  Some  of  these  do  not  exist  from  botli  localities  in  the  Edwards  collection, 
and  have  not  found  their  way  into  the  Headon-Hill  and  Hordwell  list  in  the 
paper  referred  to,  though  previously  cited  by  Dr.  Wright  from  Hordwell 
(ib.  p.  124). 

t  Comparing  the  whole  known  fauna  from  the  Middle.Headbn  of  Colwell  Bay 
and  Headon  Hill,  we  obtain  the  following  result,  viz.  74  per  cent,  of  the 
Colwell-Bay  marine  forms  have  been  found  at  Headon  Hill.  This  is  counting 
as  separate  species  many  names  in  the  Edwards  collection  which  are  founded  on 
imperfect  and  single  specimens.  As  we  have  said,  we  think  a  surer  guide  in 
comparing  faunas  is  to  take  only  the  characteristic  and  less  rare  species. 
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&c.  (1.  c.  p.  148).  Of  the  brackish-water  genera  which  are  supposed 
to  be  found  in  Headon  Hill  only,  we  may  remark  that  we  found 
Ceritliium,  Cyrena,  Hydrobia,  Limiicea,  Paludina,  Planorbis,  Melania, 
and  Melanopsis  fully  as  plentiful  in  the  marine  series  of  Colwell 
Bay  as  at  Headon  Hill ;  e.  g.  in  a  quarter  of  an  hour  we  turned  out 
half  a  dozen  specimens  of  Limncea  longiseata  *  from  the  richest 
nine  inches  of  the  Venus-bed,  the  best  zone  for  Voluta,  Cancellaria, 
Murex,  Cytlierea,  (fee.  It  has  always  been  the  opinion  of  one  of  us, 
who  has  worked  these  beds  for  so  long,  that  these  freshwater  forms 
were  either  drifted  down  by  flood-waters  or  were  dead  shells  washed 
out  of  lacustrine  or  brackish  deposits.  They  cannot  have  lived  in  the 
waters  depositing  the  marine  bed  at  Headon  Hill  any  more  than  at 
Colwell  Bay. 

Another  argument  brought  forward  in  opposition  to  the  views  of 
the  Geological  Survey  is,  that  certain  species  of  Ceritliium  are 
confined  to  Headon  Hill  and  do  not  occur  in  Colwell  Bay ;  and  by 
this  means  have  been  "  detected  the  serious  errors  which  have  crept 
into  our  classification  and  correlation  of  the  strata  we  are  now  con- 

sidering "  (op.  cit.  p.  149).  Ceritliium  ventricosum  and  C.  concavum 
are  said  to  be  entirely  confined  to  the  Headon  Hill  and  Hordwell 
localities.  We  cannot  agree  with  the  statement  as  to  the  distri- 

bution of  C.  ventricosum  in  the  Headon-Hill  beds  and  its  "  prodigious 
abundance."  It  is  there,  as  far  as  we  have  observed,  found  only  in 
one  bed ;  moreover,  it  is  equally  abundant  in  a  bed  in  a  precisely 
similar  position  at  Colwell  Bay,  viz.  at  the  top  of  the  Middle  Headon. 
Its  analogous  position  in  these  two  localities  we  consider  as  fossil 
evidence  confirmatory  of  the  stratigraphical. 

Nor  do  our  observations  confirm  the  statement  of  "prodigious 
abundance  "  of  0.  (  Vicarya)  concavum  at  Hordwell  Cliff  in  the  Middle 
Headon.  One  of  the  authors  who  worked  that  bed  when  a  special 
excavation  was  made  for  the  purpose  f,  considers  that  V.  concava 
was  extremely  rare  in  the  Hordwell  bed ;  but,  as  is  well  known,  it 
occurs  abundantly  in  the  Upper  Bagshot  sands  further  west  at  Long 
Mead  End. 

As  to  the  supposed  absence  of  V.  concava  from  Colwell  Bay,  we 
remark  that  we  had  not  been  many  minutes  at  work  on  the  richest 
portion  of  the  Venus -bed  before  we  found  a  specimen,  subsequently 
followed  by  a  dozen  more.  It  can  scarcely  be  maintained,  therefore, 
that  the  Colwell-Bay  bed  does  not  belong  to  the  C -concavum  zone.  . 
This  species  is  here,  however,  not  so  common  as  at  Headon  Hill  %. 

*  Also  noticed  by  Mr.  Bristow,  F.R.S.  (Mem.  10*  p.  61),  as  well  as  by  previous writers. 
t  The  Middle  marine  or  Middle  Headon  bed  at  Kook  Cliff,  Hordwell,  has  not 

been  exposed  for  the  last  twenty-eight  years  ;  it  is  covered  up  by  a  great  thick- 
ness of  gravel,  and  its  precise  position  is  known  but  to  few  geologists.  It  was 

quite  a  thin  bed,  but  rich  in  fossils,  especially  minute  forms.  Fossils  in 
existing  collections  were  all  obtained  about  a  quarter  of  a  century  ago. 

\  This  species  exists,  however,  in  the  Edwards  collection,  labelled  as  from 
Colwell  Bay.  The  absence  of  a  shell  in  the  Edwards  collection  from  Colwell 
Bay  is  no  proof  that  it  did  not  occur  there ;  the  local  dealers  might  not  have 
thought  of  picking  up  V.  concava  at  Colwell  Bay.  For  this  species  they  went 
to  Headon  Hill,  where  it  was  more  abundantly  found  and  in  better  preserva- 
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Summary. — There  is  but  one  marine  bed  here,  namely  that  in 
the  Middle  Headon  ;  for  the  Colwell-Bay  bed  can  be  traced  strati- 
graphically  into  the  Headon-Hill  Venus-bed,  and  the  palaeontological 
evidence  is  in  harmony  with  the  stratigraphical.  The  place  of  the 
Brockenhnrst  bed  is  at  a  lower  horizon  in  the  Middle  Headon  ;  but 
it  does  not  appear  anywhere  in  the  west  end  of  the  island. 

IV.  Whiteclife  Bat  and  New  Foeest. 

Middle  Headon  of  Whitecliff  Bay. — We  next  have  to  raise  a 
more  serious  objection  to  the  way  in  which  the  Whitecliff  Bay 
section  has  been  interpreted.  In  mixing  up  all  the  beds  in  the 
marine  series  there  together  and  calling  them  Brockenhnrst  series, 
it  seems  to  us  that  the  question  has  been  obscured,  if  not  begged. 
The  statement  is  that  the  100  feet  of  marine  beds  at  Whitecliff  Bay 
are  the  equivalents  of  the  25 -feet  of  marine  beds  at  Colwell  Bay  and 
of  the  beds  in  the  New  Forest  with  the  Brockenhurst  fauna  (op.  cit. 
p.  148).  Hence  the  Colwell-Bay  bed  is  placed  in  the  Brockenhurst 
series,  which  is  said  to  occupy  a  higher  horizon  than  the  Headon- 
Hill  and  Hordwell  marine  bed ;  and  this  view  is  indicated  by  dotted 
lines  in  the  vertical  sections  on  p.  170.  Since  the  100  feet  of 
marine  beds  are  classed  together  and  called  "  Brockenhurst  Series," 
we  suppose  that  the  Brockenhurst  fauna  is  imagined  to  occur 
throughout  them.  As  a  matter  of  fact,  that  fauna  is  confined  to 
one  zone,  and  that  the  very  base  of  the  series. 

Though  we  have  worked  over  this  part  of  the  section  bed  by  bed, 
we  need  not  here  give  all  the  details,  but  will  refer  to  the  description 
of  it  on  the  Survey  Vertical  Section  on  Sheet  25.  This  series  is 
there  justly  referred  to  the  Middle  Headon,  since  it  lies  between  the 
freshwater  Lower  and  Upper  Headon,  its  total  thickness  read  off 
by  scale  being  90  feet.  At  the  top  are  clayey  sands  and  yellow 

sands  about  19  feet ;  then  the  "  Venus-bed "  clays  &c,  15  feet ; 
next,  below,  are  compact  sands  with  nodules  about  42  feet,  said  to 

contain  Sanguinolaria  Hollowaysii  * ;  then  come  14  feet  of  brown 
clays,  the  base  "greenish  and  brownish  clay,  very  fossiliferous." 
Now  there  is  no  doubt  at  all  about  the  bed  above  and  the  Venus- 
bed  here  being  any  thing  but  the  Colwell-Bay  and  Headon-Hill 
marine  bed — its  position  and  its  fossils  prove  that ;  the  characteristic 
Brockenhurst  fossils  are  absent  from  it,  and  it  is  therefore  certain 
that  it  differs  entirely  from  the  Brockenhurst  beds. 

The  Sanguinolaria-sand  differs  lithogically  from  the  lower  part 
of  the  marine  series,  both  at  Colwell  Bay  and  at  Headon  Hill.  Such 
few  fossils  as  we  observed  in  it  are  distinctive,  not  of  the  Venus- 

tion.  Moreover  these  collectors  sought  to  obtain  as  many  forms  as  possible, 
but  were  not  concerned  in  finding  the  same  species  in  both  localities ;  and  if 
they  found  only  a  few  stray  examples  at  one  locality  of  a  species  of  which  they 
had  a  great  number  from  the  other,  they  were  liable  not  to  put  a  separate  label 
for  the  odd  few,  but  to  mix  them  up  with  the  larger  parcel. 

*  A  wrong  determination ;  the  shell  is  Psammobia  compressa,  var.  cestuarina, 
Ed.  MS.    It  occurs  in  the  natural  position  of  life,  i.  e.  across  the  bedding. 
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bed,  but  of  Brockenhurst  beds ;  but  though  we  have  not  sufficiently 
worked  out  this  fauna,  we  may  say  that  we  are  satisfied  that  they 
belong  to  a  lower  zone  than  any  of  the  marine  beds  at  Colwell  Bay 
or  Headon  Hill,  the  Middle  Headon  being  more  fully  developed  at 
Whitecliff  Bay  than  elsewhere. 

Brockenliurst  Zone  at  Whitecliff  Bay. — The  succeeding  14  feet 
are  the  equivalents  of  the  Brockenhurst  beds ;  the  lowest  two  feet 
we  sball  call  the  Brockenhurst  zone  ;  the  remainder  of  the  thickness  is 
not  nearly  so  rich  in  species,  and  their  grouping,  as  well  as  the  litho- 
logical  character,  is  more  like  that  of  the  Roy  don  beds. 

At  the  time  the  Survey  section  was  made,  the  interesting  bed  at 
Brockenhurst  had  not  been  discovered  nor  its  fauna  described; 
hence  such  Brockenhurst  fossils  as  were  found  in  this  zone  here 
were  not  rightly  determined  (thus  in  the  Survey  section  we  must 
read  Cardita  deltoidea,  Sow.,  for  C.  acuticosta),  or  specific  names 
were  withheld  from  them.  Subsequent  observers  *  have  recognized 
the  Brockenhurst  fauna  in  this  lowest  bed.  As  we  have  obtained 
more  fossils  from  it  than  previous  observers,  we  have  embodied  our 
results  in  a  separate  column  in  the  lists  at  the  end  of  this  essay ; 
that  column  contains  nothing  except  what  we  have  collected  with 
our  own  hands  this  summer  from  the  lowest  two  feet  t,  lying  on  an 
eroded  surface  of  the  freshwater  Lower  Headon.  Comparison  of  this 
list  with  the  fauna  from  Brockenhurst  itself  will  convince  most,  we 
think,  of  the  perfect  equivalence  of  the  zone  in  the  island  and  in 
the  forest,  while  its  position  at  Whitecliff  Bay  shows  that  it  is  at 
the  base  of  the  Middle  Headon. 

Brockenhurst  Zone  in  the  New  Forest. — The  greater  part  of  the 
fossils  from  Brockenhurst  were  collected  by  the  hands  of  one  of 
the  authors,  and  thence  were  dispersed  into  various  public  and 
private  collections.  They  were  obtained  during  the  doubling  of  the 
line  and  widening  of  the  cutting  at  Whitley  Ridge,  near  Brocken- 

hurst t,  about  twenty-three  years  ago.  During  this  work  he  had 
the  advantage  of  seeing  more  of  the  beds  than  any  other  geologist. 
He  found  the  rich  Brockenhurst  zone  (which  varied  from  a  few 
inches  to  nearly  a  foot)  lying  immediately  upon  the  freshwater  Lower 
Headon ;  while  about  half  a  mile  up  the  line,  near  the  bridge  by 
Lady-Cross  Lodge,  the  Middle  Headon  Yenus-bed  was  seen,  followed 
by  the  freshwater  Upper  Headon  beds  above,  the  beds  having  a  very 
gentle  dip  up  the  line  or  easterly §.    It  is  evident  that  the  succession 

*  Videlicet  Yon  Konen,  Quart.  Journ.  Geol.  Soc.  vol.  xx.  p.  98 ;  Eev.  O.  Fisher, 
Quart.  Journ.  Geol.  Soc.  vol.  xviii.  p.  67,  footnote ;  Mr.  T.  Coclrington,  Quart. 
Journ.  Geol.  Soc.  vol.  xxiv.  p.  519  ;  Dr.  Duncan,  Pal.  Soc,  '  Fossil  Corals,'  i. p.  40  (1865). 

t  In  the  Edwards  collection  the  label  "Whitecliff  Bay"  includes  many 
Venus-bed  forms,  indeed  Lower  and  Upper  Headon,  or  it  may  be  any  thing 
from  the  London  Clay  to  the  Bembridge  Marls  ;  there  is  therefore  good  reason 
for  not  allowing  this  collection  to  stand  as  evidence  of  what  is  found  in  the 
Brockenhurst  zone  at  Whitecliff  Bay. 

I  The  railway-cutting  at  Brockenhurst  {op.  cit.  p.  152)  refers  to  the  same 
spot  as  Whitley  Eidge. 

§  We  visited  the  New-Forest  localities  together  this  summer,  and  found  the 
Whitley-Eidge  cutting  entirely  grassed  over  (the  rich  zone  was  below  the  level 
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here  is,  in  ascending  order,  freshwater  Lower  Headon,  Brockenhurst 
zone,  Venus-bed,  then  freshwater  Upper  Headon,  which  agrees 
with  the  succession  in  Whitecliff  Bay.  Yet  in  the  New-Forest 
section  (op.  cit.  p.  170)  we  find  the  Brockenhurst  bed  placed  above  the 
marine  band  or  Middle  Headon  of  Totland  Bay — in  other  words, 
the  natural  succession  is  inverted. 

Again,  in  Headon  Hill  as  we  have  seen,  an  imaginary  Brocken- 
hurst bed  (of  which  the  Colwell-Bay  Middle  Headon  is  stated  to  be 

the  equivalent)  is  placed  above  the  Upper  Headon,  in  ground  which 
is  really  occupied  by  the  Osborne  beds.  If  the  Brockenhurst  bed  is 
at  a  higher  horizon  than  the  Middle  Headon  of  Headon  Hill,  then 
where  is  the  marine  Middle  Headon  at  Whitecliff  Bay  ? 

We  can  scarcely  adopt  a  theory  which  makes  the  Colwell-Bay  bed 
occupy  a  higher  horizon  than  that  of  Headon  Hill,  because  it  is 
supposed  to  contain  more  Brockenhurst  fossils,  when  the  latter 
fauna  is  found  below  the  zone  with  (Colwell-Bay  or)  marine  Headon 
fossils  both  at  Whitecliff  Bay  and  near  Brockenhurst.  When  once 
the  position  of  the  Brockenhurst  fauna  is  recognized  (and  it  has 
been  correctly  described  by  previous  observers),  the  inconsistency  of 
the  theory  is  apparent. 

Affinities  of  the  Brockenhurst  Fauna. — Seeing  that  the  Brockenhurst 
fauna,  if  different  in  age  from  the  Marine  Headon,  is  older,  instead 

of  being  younger,  it  would  be  rather  anomalous  to  find  that  "  while 
nearly  one  third  of  the  Hordwell  and  Headon-Hill  marine  shells  are 
Barton  forms,  not  more  than  one  fifth  of  those  occurring  at  Brocken- 

hurst, Colwell  Bay,  and  Whitecliff  are  found  at  Barton."  We  have 
already  mentioned  one  feature  in  the  lists  on  which  this  statement 
is  based  by  which  the  question  is  almost  begged.  We  must  next 
allude  to  what  seem  to  us  clerical  errors,  in  order  to  justify  the 
very  different  statistics  which  we  have  obtained  by  inspection  of 
the  Edwards  collection,  supplemented  by  our  own  researches. 

In  the  Headon-Hill  list  we  observe  nine  species  *  that  are  said 
to  pass  down  into  Barton  beds,  while  in  the  Brockenhurst  list  this 
range  is  denied  to  them ;  and  besides  these  nine,  the  range  into 
Barton,  as  proved  by  the  Edwards  collection,  is  omitted  in  the  Brock- 

enhurst list  in  the  case  of  twenty- two  other  species.  Discrepancies 
of  this  sort  must  seriously  detract  from  the  value  of  any  statistics 
based  on  such  lists. 

of  the  rails,  and  will  never  be  seen  again  here) ;  the  upper  beds  were  yellowish 
clayey  sands,  poor  in  fossils.  Sufficient  characteristic  Brockenhurst  fossils  may 
still  be  seen,  however,  on  the  old  spoil-banks  of  the  date  of  the  making  of  the 
original  single  line,  about  forty-two  years  ago.  By  Lady-Cross  Bridge  the 
cutting  is  also  grassed  over  ;  but  evidence  can  still  be  found  of  the  Yenus-bed 
in  the  side  drains  and  of  the  Upper  Headon  in  the  slopes  above  it. 

*  These  species  are — Borsonia  sulcata,  Nematura  parvula,  Mytilus  strigil- 
latus,  Cardium  obliquum,  Trigonoccelia  deltoidea,  Lucina  obesa,  L.  concava, 
Panopcea  subeffusa,  and  Scintilla  angusta.  On  the  other  hand,  an  error  on  the 
opposite  side,  omitting  the  range  into  Barton  beds  in  the  case  of  Marginella 
simplex  and  Corbula  cuspidata,  goes  only  one  quarter  of  the  way  towards 
redressing  the  balance. 
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So  far  from  the  Brockenhurst  zone  having  fewer  forms  common 
to  the  Barton  than  the  Headon-Hill  marine  bed,  we  consider  that 
it  has  rather  more,  as  its  position  at  the  base  of  the  Middle  Headon 
at  AVhitecliff  Bay  would  lead  us  to  expect.  Thus,  if  we  take  the 
whole  Brockenhurst  fauna  (including  the  15  corals  which  are  mostly 
special  to  the  zone),  we  obtain  a  total  of  151  species,  of  which  from 
74  to  81  pass  up  from  Barton,  or  a  proportion  of  about  one  half. 
Summing  up  the  Headon-Hill  forms  in  the  same  way — out  of  a 
total  of  79  species,  23  pass  up  from  Barton  beds,  or  a  proportion  of 
29  per  cent.  But,  instead  of  including  the  rarer  forms,  if  we  take 
only  the  more  characteristic  and  abundant  species  of  the  Brocken- 

hurst zone,  it  would  be  perhaps  a  preferable  course. 

The  following  list  is  a  catalogue  of  the  fossils  in  the  "Woodwardian Museum  from  the  Brockenhurst  zone,  obtained  by  one  of  us  many 
years  ago  at  Whitley-Eidge  railway-cutting,  New  Forest ;  and  it 
may  be  taken  to  include  the  chief  characteristic  fossils  of  the  zone. 
We  have  found  all,  except  two,  in  the  2-feet  bed  at  AYhitecliff  Bay 
this  summer. 

*Hippocrenes  (Scutellaria)  ampla. 
*Riinella  rimosa. 
Murex  bantouiensis  {Ed.  MS.). 

*Typbis  pungeus, 
*Strepsidura  armata. 
Cancellaria  muricata. 
Pisania  (Fusus)  labiata. 

#Clavella  (Fusus)  longseva. 
Leiostoma  ovaturu, 

^Cassis  ambigua. 
*Ancillaria  buccinoides. 
Pleurotoma  transversaria. 
■  cymasa. 

 beadonensis. 
*  denticida. 
*  pyrgota. 
*Voluta  decora  {Beyr.)  =  maga 

{Ed.). 
*  spinosa. 

 suturalis. 
 geminata. 

*Acta3on  simulatus. 
Marginella  asstuarina. 

*!N"atica  bantoniensis. *  Studeri. 
*  ,  var.  grossiuscula  {Ed. MS.), 
*  labellata. 
Cbenopus  Margerini,  var.  speci- osus. 

#Infundibulum  trocbiforrne  =  obli- 
quum  {Sow.). 

Pborus  cretifer  {Ed.  MS.). 
Ostrea  ventilabrum  =  prona  {S. Wood). 

* Anomia  tenuistriata. 
Pecten  bellicostatus, 
Modiola  Nysti. 

xAvicula  media. 
#Lucina  bartonemis  {Ed.  MS.). 
x  Cardiuru  porulosum. 
Protocardium    bantoniense  {Ed. MS.). 

Cardita  deltoidea. 
xCytberea  incrassata. 

 suborbicularis  {Ed.  3IS.). 
#  Solandri. 

Cyprina  Nysti. 
[*]Crassatella  Sowerbyi,  var.  banto- niensis {Ed.  MS.). 
xCorbula  ficus. 
x  cuspidata. 

[*]Psammobia  compressa,  var.  arcu- 
ata  {Ed.  MS.). 

Panopsea  sulcidosa  {Ed.  MS.). 
Madrepora  anglica. 
Dendi'opbyllia. 
Lobopsammia  cariosa. 
Balanopbyllia  granulata. 
Solenastraea  ceHulosa, 

Of  this  shorter  list  a  proportion  of  about  50  per  cent,  pass  up 
from  Barton  or  Bracklesham  beds  ;  so  that,  taking  the  whole  fauna 
or  the  more  characteristic  members  of  it  only,  in  either  case  nearly 
one  half  pass  up  from  Barton  beds — a  very  different  thing  from  one 
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fifth,  which  was  the  proportion  given  in  the  paper  referred  to  (op. 
cit.  p.  150).  If  we  compare  with  this  the  ratio  of  Barton  forms  in 
the  list  of  commoner  Headon-Hill  given  above  (supra,  p.  105),  we  find 
that  30  per  cent,  pass  up  from  Barton  beds  (while  in  the  complete  list 
of  the  Headon-Hill  fauna  the  porportion  is  also  about  29  per  cent.). 
Moreover,  if  we  first  eliminate  the  forms  that  occur  also  at  Brocken- 
hurst,  so  as  to  obtain  what  we  may  consider  as  specially  Headon 
species,  the  proportion  becomes  even  lower.  On  all  hands  the 
palaaontological  evidence  seems  perfectly  in  accord  with  the  strati- 
graphical. 

Relation  of  Colwell  Marine  to  Brockenhurst  Fauna. — In  order  to 
see  whether  the  Colwell  bed  is  more  nearly  related  to  the  Brocken- 

hurst than  is  the  Headon-Hill  bed,  we  will  first  take  the  proportion 
of  Barton  forms  in  it  for  comparison  with  similar  treatment  of  the 
Headon-Hill  catalogue.  Examination  of  the  list  gives  us  a  pro- 

portion of  29  per  cent,  of  Barton  forms  in  the  Colwell-Bay  bed ;  we 
saw  above  that,  in  the  Brockenhurst  bed,  the  ratio  was  about  50  per 
cent,  and  in  the  Headon  marine  bed  29  per  cent.  An  inspection  of 
the  list  of  more  characteristic  Colwell  and  Headon  marine  fossils 

(supra,  p.  105)  showed  that  these  faunas  are  practically  identical 
Xow  we  see  that  their  proportion  of  Barton  forms  is  nearly  equal, 
and  far  lower  than  in  the  Brockenhurst  bed. 

To  complete  the  proof  from  fossils,  if  any  such  is  needed,  we  may 
inquire  whether  there  are  more  Brockenhurst  forms  peculiar  to 
Colwell  Bay  than  to  Headon  Hill.  Examination  of  the  lists 
shows  that  only  the  following  Brockenhurst  species  occur  at 
Colwell  Bay  and  not  at  Headon  Hill,  viz.  Scalaria  tessellata 
and  Tellina  affinis,  the  latter  passing  up  from  Barton  beds ; 
while  those  occurring  at  Headon  Hill  and  not  at  Colwell  Bay  are 
Marginella  cestucvrina  and  Cardita  paucicostata — two  only  in  each 
case,  which  amounts  to  perfect  equality.  If,  on  the  otber  hand,  we 
count  those  common  to  the  Colwell  and  Headon  marine  beds,  and  not 
occurring  at  Brockenhurst,  we  find  twenty-six  species  in  this 
category.  ̂ Ve  are  at  a  loss  to  understand  how  any  one  could 
imagine  that  the  Brockenhurst  fauna  is  identical  with  that  of  the 
Colwell-Bay  bed  and  newer  than  that  of  Headon  Hill. 

That  the  Colwell-Bay  bed  is  stratigraphically  identical  with  the 
Headon  Middle  Marine  we  hope  that  we  have  sufficiently  proved ; 
and  the  fact  is  confirmed  by  fossil  evidence.  The  same  twofold 
proof  has  been  brought  forward  to  demonstrate  that  the  Brocken- 

hurst bed,  where  present,  lies  at  the  base  of  the  marine  Headon 
beds  and  immediately  above  the  Lower  Headon.  This  bed  is 
absent  at  Colwell  Bay  and  Headon  Hill,  but  is  seen  at  Whitecliff 
Bay,  Brockenhurst,  and  Lyndhurst, 

Since  the  Middle  Headon  includes  every  thing  between  the  fresh- 
water Upper  and  Lower  Headon,  it  must  be  allowed  to  include  the 

Brockenhurst  beds,  though  that  special  fauna  was  not  known  when 
names  were  given  to  these  groups  of  strata.  It  would  cause  the 
greatest  inconvenience  to  abandon  the  term  Middle  Headon,  as  it 
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would  entail  the  abandonment  of  the  names  Upper  and  Lower  also. 
There  is  therefore  no  room  for  the  term  "  Brockenhurst  Series  "  in 
the  sense  proposed  in  the  paper  referred  to  {op.  cit.  p.  16S) — a 
classification  which  would  be  in  conflict  with  the  best  authorities, 
and  founded,  as  we  have  endeavoured  to  show,  on  a  defective  appre- 

ciation of  the  beds.  We  may  urge  that  no  new  facts  have  been 
discovered  concerning  the  succession  of  the  strata  to  make  any 
correctionary  classification  or  nomenclature  in  the  main  groups  of 
the  Upper  Eocene  at  all  necessary  or  desirable,  and  we  should  prefer 
to  retain  the  local  groupings  which  have  been  so  long  familiar  to 

geologists.  "We  may  denote  as  the  "  Brockenhurst  Beds  "  the  lower part  of  the  Middle  Headon  with  the  rich  Brockenhurst  fauna.  It 
is  not  always  developed ;  the  absence  of  admixture  of  fresh  water 
was  evidently  the  necessary  condition  of  its  abundance  of  marine 
mollusca  and  of  the  existence  of  its  corals. 

It  may  perhaps  be  subdivided  into  the  "  Brockenhurst  zone  "  and 
the  "Eoydon  zone"*.   The  correlation  of  this  fauna  was  justly  made 

*  We  found  the  Eoydon  brick-yard  pit  in  a  good  state  for  examination  this 
summer,  and  obtained  from  it  twenty-eight  species.  They  all  came  from  the 
sandy  clays  with  bands  of  iron-ore  septaria ;  the  lowest  beds  were  below  the 
level  of  the  standing  water.    The  section  is  as  follows  : — 

Gravel.  Post-Tertiary. 

2-3  feet.     Bluish  to  yellow-grey  clay. 

9  inches 

{
"
 

Shell-bed ;  "  clay  very  full  of shells. 

Nurcx  sexdentatus,  Cardita  ob- 
longa  var.  transversa,  Pisania 
labiata,  Trigonoccelia  deltoidea, 
Ostrca  velata,  Cytherea  incras- 
sata,  Cyrena  obovata  var.  sub- 
regularis  (Ed.  MS.). 

f  Grey  clay. 
Two  nodule-bands  of  iron-ore 

7^  feet,  j      septaria  separated,  by  grey 
sandy  clay. 

Stiff  bluish  clay  for  the  lower  2 

(  feet. feet.      Greenish-grey  clavev  sands. 

f  Voluta  gcminata,  Voluta  spinosq, 
Strepsidura  armata,  Pleuro- 
toma  transversaria,  Pleu.ro- 
toma  hantonicnsis,  Natica 
epiglottina,  Bulla  LamarcJcii, 
Protocardium  han  toniense, 
Cytherea  suborbicularis,  Psam- mobia  cestuarina,  Corbula 

\    piswn,  &c. 

Eeposing  on  Lower  Headon  fresh- 
water clays. 

The  shelly  bed,  we  consider,  represents  part  of  the  Venus-bed  or  Headon- 
Hill  marine  zone,  since  it  contains  the  characteristic  oyster  and  Murex  sexden- 

tatus, &c. 
The  clays  and  clayey  sands  below,  of  which  we  examined  7  J  feet,  while, 

according  to  the  statement  of  the  men  employed,  the  remaining  sandy  beds 
below  are  another  7  feet,  we  propose  provisionally  to  term  the  i:  Eoydon  zone." It  is  characterized  palreontologically  by  the  abundance  of  Voluta  geminate, 
differing  from  the  "Brockenhurst  zone"  by  the  absence  or  great  rarity  of  Valuta 
snturcdis,  Pleurotoma  cymcea,  and  Cytherea  Solandri,  for  the  latter  shells  are 
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by  Yon  Kouen  in  1864,  and  by  Dr.  Duncan  for  the  corals  in  1866, 
whose  work  is  not  in  any  way  affected  by  any  thing  in  the  present 

essay.  "We  have  merely  striven  to  prevent  the  beds  in  the  Isle  of 
"Wight  and  the  New  Forest  being  thrown  again  into  confusion,  and the  accurate  work  of  E.  Forbes  and  the  Geological  Survey  being 
rejected  on  such  insufficient  grounds  as  have  been  recently  put 
forward. 

abundant  in  that  rich  zone,  a  few  inches  thick,  in  the  Whitley-Eidge  railway- 
cutting. 

At  the  time  of  obtaining  the  Eoydon  fossils  in  the  Edwards  collection,  one 
of  the  authors  sank  a  pit  to  the  base  of  these  beds,  and  they  were  found  lying 
immediately  on  the  freshwater  Lower  Headon  clays,  the  Brockenhurst  zone 
being  absent ;  the  latter  has  apparently  thinned  out  here,  as  the  Eoydon  zone 
itself  thins  out  a  little  further  west. 

Of  the  White-Cliff- Bay  beds  we  are  disposed  to  place  in  the  Eoydon  zone  all 
those  between  the  "  Yenus-bed  "  clays  of  the  Geological  Survey  Vertical  Section 
and  the  lowest  two  feet  of  sandy  clays  lying  immediately  on  the  eroded  surface 
of  the  freshwater  Lower  Headon,  which  said  bed  we  have  described  above  as  the 
"  Brockenhurst  zone."  The  Eoydon  zone  will  thus  include  the  42  feet  of  yellow 
and  green  sands  with  ironstone-nodules,  of  which  the  chief  fossil  is  Psammobia 
eestuarina  (  =  Sanguinolaria  Hollowaysii  of  the  Geological  Survey  Section),  also 
the  remaining  12  feet  of  beds  described  in  the  legend  as  "  brown  clay,"  but 
which  in  their  unweathered  condition  are  slate-colour  to  greenish  grey. 

We  had  unfortunately  not  sufficient  opportunity  to  work  out  the  fauna  com- 
pletely ;  but  such  fossils  as  we  found  induce  us  to  parallel  these  beds  with  those 

of  the  Eoydon  brick-pit.  The  lithological  character  of  these  lower  beds,  as  seen 
below  low-water  mark  at  equinoctial  tide,  is  singularly  like  the  clayey  sands  of 
the  Eoydon  brick-yard,  while  their  chief  fossils  are  the  Psammobia,  lying  in  the 
natural  position  of  life,  and  Cardita  deltoidea.  At  some  future  time  we  hope 
to  work  out  the  fauna  more  completely. 

At  Outwalk  hill,  Lyndhurst,  both  the  Brockenhurst  and  Eoydon  zones  occur. 
In  the  pits  which  one  of  the  authors  sank  in  obtaining  fossils  for  Mr.  Edwards 
and  others  from  this  locality,  the  Brockenhurst  zone  was  found  lying,  as  usual, 
immediately  on  the  freshwater  clays  of  the  Lower  Headon. 

Hence  we  may  divide  the  Middle  Headon  into  three  zones,  distinguishable 
easily  by  fossils  (though,  of  course,  many  species  are  common  to  all  three),  viz. 
the  Brockenhurst,  the  Eoydon,  and  the  Venus-bed  or  Headon-Hill  zone.  The 
percentage  of  Barton  forms  diminishes  as  we  ascend  in  the  series. 
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Fossils  of  the  Middle  Headon  series,  including  the  Brockenhurst beds  f . 

*Lamna  contortidens  (Ag.)   
Marginella  simplex  (Edw.)  

  sestuarina  (Edw.)  
 vittata  (Edw.)  

Voluta  geminata  (Sow.)   
 var.tereticosta(i?c?.ilf#.) 

#  decora  (Legr.) =maga  (Ed.) 
  suturalis  (Nyst)  =  contabu- 

lata  (Ed.)  
*  ■  spinosa  (Lam.)   
Mitra  gracilenta  (Ed.  MS.)  

 abbreviata  (Ed.  MS.)  
 polygyra  (Ed.  MS.)   

[*]Conorbis  dormitor(#o/.),  var.  semi- 
nuda  (Ed.)   

[*]  procerus  (Legr. )=alat\xs,  var. 
hemilissa  (Ed.)  

Pleurotoma  transversaria  (Lam.) 
 cymasa  (Ed.)   

 var.  nana  (Ed.)  
#  pyrgota  (Ed.)  

 bellula(PM£.)   
 Woodi  (Ed.)   
 beadonensis  (Edw.)  

#  denticula  (Last.)   
*  var.  odontella  (Ed.)  . . 

 lseviuscula  (Ed. )  
 subdenticulata    (Gold/.)  = 

bantoniensis  (Ed.)   
*  Borsonia  sulcata  (Ron.)  
■  sp  
ChenopusMargerini  (deKon.),  var 

speciosa  (Schlot.)  
xEimella  riniosa  (Sol.)   
*Hippocrenes  (Eostellaria)  anipb 
(Sow.)   

Middle  Headon. 

K.T 

pq 

?* 

Brockenhurst 
beds. 

o 

K.T. 

K.T. 

K.T. 

K.T, 
K.T 

K.T K.T 

K.T 

K.T. 
K.T. 
K.T. 

K.T 

K.T. 
K.T. 
K.T. 

K.T. K.T. 

K.T. 

*(?) 

K.T 

Upper 
Bagshot. 

CD 
■an  d 

Carried  forward 8  15 

17 

14  18 

t  Tbose  marked  with  an  asterisk  pass  up  from  Barton  or  Bracklesham 
beds.  The  asterisk  enclosed  in  brackets  signifies  that  the  type  species  exists  in 
Barton  beds,  but  not  the  special  variety.  The  initials  K.T.  denote  that  the 
citation  is  the  result  of  our  own  researches  instead  of  being  founded  on  the 
Edwards  collection. 



116 H.  KEEPING  AND  E.  B.  TAWNEY  ON  THE  BEDS  AT 

Fossils  of  Middle  Headon  series,  Sfc.  (continued). 

Brought  forward   
Murex  hantomensis  (Ed.  MS.)  .. 

 sexdentatus  (Sow.)  =  
 ,  var.  cinctus  (Ed.)  

■sf  roinax  (Sol.)   
*  obtusus  (Desk,)   

 .  sp  
xTyphis  pungens  (Sol.)   
Oantharus  subcostatus  (Ed.)   
Fasciolaria  crebrilinea  (Ed.  MS.) 
Pisania  (Fusus)  labiata  (Sow.)  .. 

 ,  var.  concinna  
*  nodicosta  (Ed.  MS.)   
*  acuticosta  (Ed.)   
Pbos  scalaroides  (Lam.)   

*Clavella  (Fusus)  longseva  (Sol.).. 
Chrysodoruus  (Fusus)  Sandber- 

geri  (Beyr.)   
Leiostouia  ovatum  (Beyr.)  

xStrepsidura   (Buccinum)  armata 
(Sow.)   

 seruicostata  (Ed.  MS.)  ... 
xCominella    (Bucciuuni)  deserta 
(Sol.)  

*  nexuosa  (Ed.  MS.)  
 ventricosa  (Ed.  MS.)  

xAncillaria  buccinoides  (Lam.). 
a-Cassis  arabigua  (Sol.)   
*Natica  hantoniensis  (Sow.)  ... 
%  obovata  (Sow.)  

 eonulus  (Ed.  MS.)  
x  Studeri  (Bronn)   
*    ,     var.  grossiuscula 

(Ed.  MS.)  
x  epiglottina  (Lam.)   
x  labellata  (Lam.)   

 ,  var.  dubia  (Ed.  MS.). . . 
Cancellaria  rauricata  (S.  Wood) 

=  pyrgota  (Ed.  MS.)   
 elougata  (Nyst)   

*  evulsa  (Sol.)  
 roydonensis  (Ed.  MS.)   

xPyramidella  (Turbonilla)  obscura 
(Ed.  MS.)  

Turbonilla  plicatella  (Ed.  MS.)... 
 seraibevis  (Ed.  MS.)   

x  plicatilis  (Ed.  MS.)  

Middle  Headon. 

K.T 

K.T 

K.T, 

K.T. 

K.T. 

Brockenhurst 
beds. 

Upper 
Bagshot. 

15 

K.T, 

17 

K.T 

K.T. 

K.T. 

K.T 

K.T. 

K.T 

K.T. 
K.T. 

K.T. 
K.T. 
K.T. 

K.T. 

K.T. 

K.T. 

Carried  foi 
11 

20 22  31 31 25  39 
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Fossils  of  Middle  Headon  series,  6,'c.  (continued). 
Middle  Headon. 

n 

Brockenhurst 
beds. 

Upper 
Bagshot. 

a* 

Brought  forward    11 
*Turbonillaobliquecostata(S£.i¥&) 

 dubia  (Ed.  MS.)  
 sorella  (Ed.  MS.)   

Odostomia loxodonta  (Ed.  MS.)... 
 suburnbilicata  (Ed.  M S.)  ... 
 geminata  (Ed.  MS.)   
 multispirata  (Ed.  MS.)  
 gracilis  (Ed,  MS.)   

*  hordeola  (Lam.)  
—  ,  var.  angusta  (Ed.  MS.) 
Eulirna  gracillinia  (Ed.  MS.)  

*Cerithiura  variabile  (Desk.)   
[*]  submarginaturo  (Ed,  MS.), 

var.  recentior  (d'Orb.)  
 pseudocinctum  (d'Orb.)  
 duplex  (Sow.)  
 parvulmn  (Ed.  MS.)  
 pliciferum  (Ed.  MS.)  I  ... 
 ventricosuni  (Sozv.)  |  * 
 subconoideuni  (Ed.  MS. )  ...  ... 
 contiguuni  (Desk.)  ?    ... 
 multispiratum  (Desk.)   !  ... 
 gyrostoma (Ed.  MS.)   ... 
 concavum  (Sow.)    * 
 varians  (Ed.  M.S.)  |  ... 

Melania  fasciata  (Sow.)   
 muricata  (Sow.)  

*  brevicula  (Ed.  MS.)   
*Hydrobia  anceps  (Wood)  

  Dubuissoni  (JBouillet),  var 
rimata  (.Etf.  MS.)  ..,  

 bulimoides  (Ed.  MS.)   , 
Melanopsis  subfusiforniis  (Morr.) 

 fusiformis  (Sow.)   
Scalaria  lasvis  (Morr.)  

 tessellata  (Ed.  MS.)   
Neniatura  paryula  (Desk.)   

 pygmeea  (Forbes)   j  .., 
 lubricella  (Braun)  1  * 

Caecum  Morrisii  (Ed.  MS.)   j 
Trochus  pictus  (Ed.  MS.)   I  * 

*Trochita  (Infimdibuluin)  trocbi-| 
formis  (Lam.)  =obliqua  (Sow.\ 

Phorus  cretifer  (Ed,  MS.)  
Teinostoma  minutissinium  (Ed 
MS.)  

20 

KT. 

KT. 

KT, 

81 31 

25 

39 

KT. 
K.T. 

Carried  forward   25 46 47  34 
33 

26  44 11 
Q.J.G.S.  No.  146. 
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Fossils  of  Middle  Headon  series,  fyc.  (continued). 

Middle  Headon. 

Brockenhurst 
beds. 

Upper 
Bagshot. 

Brought  forward   
Teinostorna  micans  (Ed.  MS.)  
Kerita  aperta  (Sow.)   

 [aestuarina  (Ed.  MS.)]=1S 
zonula  (S.  Wood)   

jSeritina  concaya  (Sow.)  
[*]Eissoa  carinata  (Ed.  MS.),  var. 

denticulata  (Ed.  MS.)  
 ditropis  (Ed.  MS.)  

Tornatella  limnaeiforniis  (Sandb.). 
 altera  (Desk.)   
 dactylina  (Desk.)   

*  simulatum  (Sow.)   
Adeorbis  apertus  (Ed.  MS.)   

 aestuarinus  (Ed.  MS.)   
*Ortliostoma  crenatum  (Sow.)  

 retiarium  (Ed.  MS.)   
•ij-Bingicula  parva  (Ed.  MS.)  
Bulla  aestuarina  (Ed.  MS.)  

 Lainarckii  (Desk.)   
 curta  (Ed.  MS.)  
  simillima  (Ed.   MS.)  [cf. 

aestuarina]   I 
*  attenuata  (Sow.)  \ 

 navella  (Ed.  MS.)   I 
*  Sowerbyi  (Nt/st)  

 tenuicula  (Ed.  MS.)   ' 
*  elliptica  (Sow.)  ?  
Cylichna  globulus  (Ed.  MS.)  

 ovalis  (Ed.  MS.)  
Dentalium,  sp  

#Anoinia  tenuistriata  (Desk.)   
Ostrea  velata  (S.  Wood)  
•*  flabellula  (Lam.)  =  yenti- 

labrurn  (Goldf.)  
Pecten  bellicostatus  (S.  Wood)  ... 

ttAvicula  media  (Sow.)  
*Mytilus  aflinis  (Sow.)   
Modiola  Nysti  (Kiehl,  MS.)   

 ignota  (Ed.  MS.)   
*Arca  biangula  (Lam.)  
*  appendiculata  (Sow.)  
*  laevigata  (Caill.)  
*          duplicata  (#ow.)=sulcicos- 

tata  (Nyst)   
-*Trigonoccelia  deltoidea  (Lam.)  ... 
Nucula  headonensis  (Forbes)  

25 

46 

K.T. 

K.T. 
K.T. 

K.T 

K.T 

47 34 

K.T. 

K.T. 

K.T. 

K.T 

K.T 

K.T. 

K.T 
K.T. K.T. 

K.T. 

K.T. 
K.T. 

26 
44 

11 

K.T. 

Carried  forward   41 
56 

61 

39 

45 

31 

57 

14 
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Fossils  of  Middle  Headon  series,  $c.  (continued). 

119 

Middle  Headon. 

Brockenhurst 
beds. 

Upper 
Bagshot. 

:  nodi- 

Brought  forward  .... 
Nucula  nudata  (Wood)  
#  similis  (Sow.)   
•*  lissa  (Wood)  
Leda  propinqua  (Wood) .... 
*  minima  (Sow.)  
Cardita  simplex  (Ed.  MS.) . 

 paucicostata  (Sandb.)- 
costa  (Edw.)  

.  deltoidea  (Soiv.)  
 orbicularis  (Goldf.)  . 

[*]  oblonga  (Sow.),  var.  trans- 
versa (Ed.  MS.)  .... 

-  ,  var.  serratina  (Ed.  MS.) 
[*]Crassatella  Sowerbyi,  var.  ban  to - 

niensis  (Edw.)   
*Lucina  obesa  (Ed.  MS.)   

 concava  (Defr.)   
 pulvinata  (Ed.  MS.)   

*  bartonensis  (Ed.  MS.)   
*  inflata(M.  MS.)   
Strigilla  colvellensis  (Ed.  MS.)  ... 
■  pulcbella  (Ag.)  
Diplodonta   suborbicularis  (Ed, 
MS.)  

*-  obesa  (Ed.  MS.)  
 planiuscula  {Ed.  MS.)   

s-Cardium  porulosum  (Lam.)   
*  obHquum  (Lam.)  
Protocardium  bantoniense 
MS.).„  

ttCypricardia  pectinifera  (Sow.) 
Isocardia  transversa  (Nyst)  ... 

^Scintilla  angusta  (S.  Wood)  ... 
Lepton  nitidulum  (S.  Wood)  ... 

 tumidum  (Ed.  MS.)   
Cyprina  Nysti  (Heb.)   

xCytherea  incrassata  (Sozv.)  
 turgescens  (Ed.  MS.)  
 tumida  (Ed.  MS.)   
 suborbicularis  (Ed.  MS.)  ... 

*  subelliptica  (Ed.  MS.)   
 bantoniensis  (Ed.  MS.)  

*  Solandri  (Sow.),  var.  attenu- 
ata  (Ed.  MS.)   

[#]  elegans  (Lam.),  var.  b   
*— —  Suessonensis  (Desk.)   

41 

K.T. 

39 
x 

K.T. 
K.T. 

K.T. 

(Ed 

K.T 

K.T 

45 

K.T. 

K.T. 

K.T 

81 

K.T. 

K.T. 

K.T, 

K.T. 

K.T 

K.T, 

K.T. 
K.T. 

K.T 
K.T 

K.T. 

K.T 

K.T. 

57 

Carried  forward. 51    68    71    54    58    34  79 

T2~~ 
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Fossils  of  Middle  Headon  series,  §c.  (continued). 

Brought  forward   
[*]Psaniniobia  compressa  (Sow.),  "\ var.  sestuarina  (Ed, MS.),  and  I 

var.  arcuata  (Ed.  MS.)   J 
 rudis  (Z«m.)  =  solida  (Souk). 

*Tellina  affinis  (Ed.  MS.)   
 keadonensis  (Ed.  MS.)   
 sphenoides  (Ed.  MS.)   

Syndosmya  colvellensis  ( Ed.  MS. 
Mactra  fastigiata  (Ed,  MS.)   

 filosa  (Ed.  MS.)  
*Mya  angustata  (Sow.)  =  M.  pro 

ducta  (Ed.  MS.)  
*Corbula  pisuni  (Soiv.)   ... 
*  cuspidata  (Sow.)  , 

nitida  (Sow.) 
ttPanopasa  subeffusa  (Ed.  MS.).. 

 sulculosa  (Ed.  MS.)   
*Solen  gracilis  (Soiv.)   
Corbicula  obovata  (Sow.)   
Cyrena  cycladiformis  (Desk.)  

 pisum  (Desk.)  
ttClavagella  coronata  (Desk.),  , 

 Goklfussi  (PJiill.)  
Fistularia  Heyseana  (Phitt.)   
Saxicava,  sp  
Pholas,  sp  
Teredo,  sp  
Serpula,  sp  
Pollicipes  refiexus  (Soiv.)   

*Balanus  unguiforinis  (Sow.)   
Callianassa  Baylii  ( Woodw.)   
Solenastraja  cellulosa  (Dane. )  ... 

 Koeneni  (Dune.)   
 Reussi  (Dune.)   
 gemmans  (Dime.)   
 Beyrichii  (Dime.)   
 granulata  (Dune.)   

Balanophyllia  granulata  (Dime). . 
Dendrophyllia  
Lobopsammia  granulata  (Dune.).. 
Lithar£ea  brockenhurstii  (Dune). . 
Axopora  Michelini  (Dune.)   
Madrepora  Solandri  (Defy.)   

 Roemeri  (Dune.)   
 anglica  (Dune.)   

51 

Middle  Headox. 

71 

K.T. 

* 

*  K.T. 

K.T. 
K.T. 

K.T 

Brockenhurst 
beds. 

54 

K.T. 

pq 

58 

K.T. 

K.T, 

34 

K.T. 
K.T. 
K.T. 

K.T. 

K.T. K.T. 
K.T. 

K.T. 
K.T. 

K.T. 

K.T. 

K.T, 

K.T. 

Upper 
Bagshot. 

3 

79 

17 

Totals   58 79 
87 

62 
G9 

36 
104  22 
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Notes  relating  to  Divergences  from  Prof.  Judd's  lists  of  Fossils,  with 
Observations  on  the  Edwards  Collection  of  Middle-Headon  Fossils. 

Marginella  simplex  is  not  in  the  Edwards  collection  as  from 
Barton ;  this  and  the  following  ten  species,  viz.  Mytilus  strigillatus, 
Borsonia  sulcata,  Nematura  parvula,  Trigonoccelia  deltoidea,  Lucina 
obesa,  L.  concava,  Carclita  oblonga  var.,  Gardium  obliquum,  Scintilla 
angusta,  and  Panopcea  subeffusa,  are  given  in  one  list  as  occurring  in 
Barton  beds ;  and  in  the  other  list  this  range  is  denied  to  them. 

The  range  into  Barton  or  Bracklesham  beds  (as  shown  by  the 
Edwards  collection)  has  been  overlooked  in  the  case  of  many  species 
(viz.  twenty-two)  in  the  lists  of  Colwell-Bay  and  Brockenhurst 
fossils  (op.  cit.  pp.  153-156). 

Voluta  depauperata  (Sow.)  has  been  cited  in  error  by  Eorbes  from 
Colwell  Bay ;  it  occurs  only  in  Barton  or  Bracklesham  beds,  and  is 
therefore  omitted  from  our  list.  V.  spinosa  (Lam.),  type,  occurs  in 
Barton  and  Bracklesham  beds ;  the  form  from  Brockenhurst  and 
Middle-Headon  localities  might  be  recognized  as  a  distinct  variety. 

V.  tereticosta  (Ed.  MS.)  is  plainly  only  a  variety  of  V.  geminata 
(Sow.)  in  which  the  costse  are  a  little  less  spiny ;  all  intermediate 
degrees  occur. 

Glavella  longwva,  var.  egregia  (Beyr.).  Von  Konen  mentions 
this  from  Brockenhurst ;  but  we  find  the  absence  of  ridges  as  rare 
as  in  Barton  examples,  and  therefore  omit  the  varietal  name. 

Hippocrenes  ampla  (Sow.)  is  not  in  Edw.  coll.  from  Headon  Hill 
or  Hordwell ;  and  we  consider  it  does  not  occur  there. 

Murecc  sexdentatus,  var.  cinctus  (Ed.  MS.),  is  labelled  in  Edw.  coll. 
as  from  Barton ;  but  we  suspect  this  to  be  in  error ;  it  appears  to  be 

from  Colwell  Bay,  as  in  Prof.  Judd's  lists. 
Natica  obovata  (Sow.)  occurs  at  Bracklesham,  as  shown  by  the 

Edw.  coll.  N.  grossiuscula  (Ed.  MS.)  is  probably  only  a  variety  of 
N.  Studeri,  as  transitions  exist  between  them.  iV.  dubia  (Ed.  MS.) 
we  consider  only  a  large  variety  of  iV.  lamellata  (Lam.).  N.  epi- 
glottina  (Lam.)  is  in  Edw.  coll.  labelled  as  from  Hordwell;  we 
found  it  at  Roydon. 

CanceUaria  elongata  (Nyst)  is  in  Edw.  coll,  from  Headon  Hill 
and  Hordwell,  and  0.  muricata  from  Hordwell.  G.  roydonensis 
(Ed.  MS.)  seems  a  doubtful  species. 

Cerithium  pyrgotum  (Ed.  MS.)  we  consider  a  Lower-Headon  form, 
and  omit  it  therefore.  G.  varians  (Ed.  MS.)  is  in  Edw.  coll.  from 
Headon  Hill.  C.  cavatum  (Ed.  MS.)  may  be  only  a  variety  of  G.  con- 
cavum ;  both  it  and  G.  speculatum  (Ed.  MS.)  occur  only  at  Long 
Mead  End,  and  should  be  omitted  from  the  list.  G.  ventricosum 
(Sow.)  is  in  Edw.  coll.  from  Colwell  Bay  ;  G.  subventricosum  (Ed. 
MS.)  and  G.  deperditum  ?  (Lam.)  in  Edw.  coll.  seem  to  be  worn 
specimens  of  G.  ventricosum ;  we  agree  with  Prof.  Judd  in  omitting 

them.  G.  marginatum  (Ed.  MS.),  var.  recentius  (d'Orb.),  occurs  as 
in  our  list ;  its  title  to  a  distinct  specific  appellation  seems  doubtful. 
G.  (Vicarya)  concavum  (Sow.)  is  in  Edw,  coll.  labelled  as  from 
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Colwell  Bay.  G.  trizonatum  (Morr.)  is  in  Edw.  coll.  from  Hordwell 
&c. ;  it  would  therefore  seem  to  be  Lower  Headon  as  well  as 
Upper.  G.  subconoideum  (Ed.  MS.)  seems  doubtfully  a  distinct  form. 
G.  cestuarinum  (Ed.  MS.)  as  from  Hordwell,  in  Edw.  coll.,  is  founded 
on  a  minute  fragment,  and  we  do  not  insert  it.  G.  headonense 
(Ed.  MS.)  is  in  Edw.  coll.  from  Headon  Hill ;  but  we  do  not  insert 
it,  as  it  may  be  Lower  Headon  only.  G.  pidchrum  (Ed.  MS.)  is  in 
Edw.  coll.  as  from  marine  Headon  beds  of  Hordwell.  G.  pseudo- 
cinctum  (d'Orb.)  is  in  Edw.  coll.  as  from  Barton. 

Turbonilla  plicatella  (Ed.  MS.)  is  in  Edw.  colli' from  Eoydononly  : 
T.  plicatilis  (Ed.  MS.)  is  there  as  from  Colwell  Bay  .  and  Barton. 

Melania  brevicida  (Ed.  MS.)  is  in  Edw.  coll.  as  from  Hordwell 
and  Barton ;  M.  Woodi  (Ed.  MS.)  from  Hordwell  seems  a  Lower- 
Headon  shell,  and  is  not  inserted ;  the  names  M.  conica,  M.  polygyra, 
M.  minima  (Sow.),  we  could  not  find  represented  in  the  Edw.  coll., 
and  omit  them. 

Bissoa  carinata  (Ed.  MS.)  occurs  at  Barton,  but  not  the  var.  den- 
ticulata,  according  to  the  labels  in  Edw.  coll. 

Gonorbis  dormitor  (Sol.)  and  G.  procerus  (Beyr.)  occur  at  Barton, 
but  not  the  special  varieties  to  which  MS.  names  are  attached  in  the 
Edw.  coll.  /  ;  , 

Hydrobia  polita  (Edw.)  from  Headon  Hill  is  Upper  Headon  only, 
and  therefore  omitted ;  II.  anceps  (Wood)  is  in  Edw.  coll.  as  from 
Hordwell,  Colwell  Bay,  Long  Mead  End,  and  Barton ;  H.  Dubuis- 
soni,  var.  rimata  (Ed.  MS.)  is  labelled  as  from  Hordwell  marine  bed. 

Trochus  pictus  (Ed.  MS.)  is  in  Edw.  coll.  from  Hordwell ;  it  is  in 

the  "Woodwardian  museum  from  near  Setley  Common,  Lymington. Melanopsis  ancillaroides  (Desh.)  was  in  Edw.  coll.  subsequently 
labelled  M.  subfusiformis  (Morr.)  ;  the  former  name  may  be  omitted. 

M.  subulata  (Sow.)  occurs  twice  in  Prof.  Judd's  list,  and  with  diffe- 
rent ranges.  M.  subcarinata  (Morr.)  is  in  Edw.  coll.  as  from  Bern- 

bridge  and  Hordwell  marine  bed ;  at  the  latter  locality  it  probably 
came  from  Lower  Headon  (freshwater)  to  judge  from  the  aspect  of 
the  shell. 

The  species  of  Adeorbis  in  Edw.  coll.  are  founded  on  single  indi- 
viduals ;  A.  cestuarina  (Ed.  MS.)  we  could  not  find. 

Oriliostoma  crenatum  (Sow.)  is  in  Edw.  coll.  from  Brockenhurst 
and  Barton. 

Tomatella  cdtera  (Desh.)  is  determined  from  a  single  individual 
in  bad  preservation,  and  seems  to  us  very  doubtful.  T.  Tiinnwfor- 
mis  (Sandb.)  [sic]  of  the  Brockenhurst  list  is  the  same  shell  as 
Actceon  limnceiformis  (Sandb.)  of  the  Headon-Hill  list;  it  is  in 
Edw.  coll.  as  from  those  two  localities.  A.  simulatus  is  inserted  on 
the  faith  of  our  own  researches.  A.  dactylinus  (Desh.)  is  in  Edw. 
coll.  from  Colwell  Bay ;  we  have  found  it  there  also. 

Mingicula  ringens  (Lam.)  occurs  only  in  Barton  or  lower  beds. 
TrocJiita  obliqua  (Sow.)  was  described  originally  as  "  a  small  but 

perfect  specimen  from  Brakenhurst  [sic],  in  Sussex ;  the  species  is 
found  much  larger  in  the  cliff  at  Barton  the  type  was  only  i  inch 
long,  and  was  recognized  by  Sowerby  as  occurring  at  Barton,  while 
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at  Brockenhurst  it  would  have  been  found  in  Bracklesham  beds 
probably;  we  consider  it  a  young  example  of  T.  infundibuliformis 
(Lam.).  We  do  not  know  why  Edwards  should  have  referred 
Brockenhurst  forms  to  a  different  species  from  the  common  Barton 
species  :  we  have  compared  numerous  examples  both  from  Brocken- 

hurst and  Whitecliff  Bay,  and  consider  them  identical  with  Lamarck's 
species  ;  we  therefore  rank  T.  obliqua  as  a  synonym. 

Nerita  cestuarina  (Ed.  MS.)  seems  identical  with  iV.  zonula  (S. 
Wood). 

Neritina  neritopsidea  (Ed.  MS.)  is  from  the  Upper  Headon ;  we 
therefore  omit  it. 

Ostrea  flabelhda  (Lam.)  is  in  Edw.  coll.  labelled  as  from  "  Col- 
well  Bay  or  Headon  Hill 99  [sic],  but  in  error ;  the  specimen  has 
evidently  come  from  the  Barton  Clay.  0.  ventilabriim  is  not  in 
Edw.  coll.  from  Colwell  Bay,  and  it  does  not  occur  there ;  we  are 
not  sure  that  the  distinctive  differences  given  by  Mr.  Searles  Wood 
between  this  species  and  0.  flabelhda  are  constant ;  we  have  com- 

pared examples  of  this  oyster,  so  common  in  the  Brockenhurst  bed 
at  Whitecliff  Bay,  with  other  examples  from  Barton  beds ;  and 
some  we  consider  perfectly  identical  with  Barton  and  Bracklesham 
forms. 

Avicida  media  (Sow.)  is  not  in  Edw.  coll.  as  from  Hordwell  or 
Headon  Hill,  but  from  Long  Mead  End,  i.  e.  probably  from  the 
Beacon  Bunny  (Barton)  beds. 

Dreissena  Brardii  (Eauj.)  is  in  Edw.  coll.  from  Hamstead  and 
Hordwell  (Long  Mead  End),  ranging  thus  through  all  the  fresh- 

water series.  It  occurs  in  social  groups.  We  found  a  single  derived 
specimen  just  above  the  Lower-Headon  boundary  at  Whitecliff  Bay. 

Anomia  tenuistriata  (Desh.)  is  in  Edw.  coll.  labelled  as  from 
Barton,  Brockenhurst,  and  Hordwell ;  if  the  Brockenhurst  example 
is  to  be  identified  with  A.  Alcestiana  (Nyst),  probably  the  Barton 
ones  are  so  also.  We  follow  Edwards  in  considering  them  all  one 
species. 

Mytilus  strigillatus  (Wood)  in  Edw.  coll.  is  only  from  Barton 
beds ;  we  therefore  omit  it.  M.  affinis  is  abundant  at  Colwell  Bay, 
and  ranges  up  from  Barton  beds. 

Nueula  similis  (Sow.)  is  in  Edw.  coll.  only  from  Barton  beds  ;  we 
found  one  imperfect  specimen,  however,  at  White  Cliff  Bay  in  the 
Brockenhurst  bed.  N.  lissa  (S.  Wood)  is  said  by  Mr.  Wood  to  occur 
at  Brockenhurst ;  but  it  is  not  in  Edw.  coll.  as  from  there ;  the 
Hordwell  examples  are  possibly  from  the  Upper  Bagshot  Sands. 

Area  appendieulata  (Sow.)  and  A.  laevigata  (Caill.)  are  in  Edw. 
coll.  as  from  Barton  and  Bracklesham  beds. 

Cardita  deltoidea  (Sow.)  is  not  in  Edw.  coll.  from  Colwell  Bay ; 
and  we  doubt  the  fact  of  its  occurring  there. 

Lucina  Menardi  (Desh.),  as  so  determined,  is  not  in  Edw.  coll. 
L.  gibbosula  (Lam.)  and  L.  pratensis  (Ed.  MS.),  in  Edw.  coll.  as 
from  Long  Mead  End,  are  not  from  Headon  beds  :  we  therefore 
omit  them.  L.  obesa  (Ed.  MS.)  and  L.  inflate  (Ed.  MS.)  are  in 
Eclw.  coll.  as  from  Barton  beds ;  the  former  is  not  distinguishable 
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from  those  labelled  L%  concava;  indeed  Edwards  admitted  it  as 
doubtfully  distinct. 

Diplodonta  obesa  (Ed.  MS.)  exists  in  Edw.  coll.  from  Barton  and 
Brack] esham  beds.  D.  dilatata  (Sow.),  determined  as  such,  is  not  in 
Edw.  coll. ;  Dixon  cites  it  from  Bracklesham. 

Strigilla  colvellensis  (Ed.  MS.)  we  found  to  be  not  unfrequent  at 
Headon  Hill.  $.  pulchella  (Ag.)  is  in  Edw.  coll.  determined  from 
a  single  imperfect  valve :  it  is  impossible  to  say  whether  it  is  a 
second  species  ;  and  we  therefore  omit  it. 

Cardium  Edivardsi  (Desh.)  is  not  in  Edw.  coll.  from  Brocken- 
hurst;  it  is  a  Bracklesham  shell. 

Cytlierea  suborbicularis  (Ed.  MS.)  we  found  at  Colwell  Bay  and 
also  in  the  Brockenhurst  zone  at  Whitecliff  Bay.  0.  suessonensis 
(Desh.) :  under  this  name  we  find  in  Edw.  coll.  Barton  and  Lower- 
Eocene  shells  usually  referred  to  C.  tenuistriata  (Sow.)  ;  we  have  it 

from  the  Brockenhurst  zone  in  "Whitecliff  Bay.  G.  partimsulcata (Ed.  MS.)  is  from  Long  Mead  End  only ;  we  therefore  omit  it. 
Cyprina  Scutellaria  (Desh.)  is  solely  from  Lower-Eocene  locali- 

ties. C.  Nysti  (Heb.)  is  the  only  species  from  Brockenhurst  in 

Edw.  coll. ;  we  have  it  from  "Whitecliff  Bay. Psammobia  compressa  (Sow.)  is  in  Edw.  coll.  from  Barton ;  the 
var.  arcuata  (MS.)  is  from  Boydon  and  Brockenhurst;  and  var. 
cestuarina  (MS.)  is,  according  to  the  labels,  from  Hordwell,  Colwell 
Bay,  and  Boydon.  We  have  compared  these  examples,  and  cannot 
see  any  valid  differences ;  we  consider  them  all  one  species. 

Sanguinolaria  Hollowaysii  (Sow.)  is  not  in  Edw.  coll.  from  Lynd- 
hurst,  but  is  a  Bracklesham  shell.  The  Geological  Survey  cite  it  in 
error  from  Middle  Headon  beds  of  Whitecliff  Bay. 

Tellina  corbidoides  (Ed.  MS.)  in  Edw.  coll.,  from  Colwell  Bay,  is 
a  crushed  specimen,  undeterminable,  but  probably  not  the  Hamstead 
species  ;  we  omit  it.  T.  ambigua  (Sow.)  is  in  Edw.  coll.  labelled  as 
from  Hordwell,  but  is  probably  not  from  Middle  Headon  beds, 
although  Forbes  cites  it  from  Colwell  Bay.  T.  reflexa  (Edw.)  is  a 

Bracklesham  shell,  and  does  not  occur  above  the  "Upper  Bagshot  of 
Long  Mead  End.  T.  headonensis  (Edw.)  is  in  Edw.  coll.  from  Hea- 

don Hill  and  Colwell  Bay.  T.  splienoides  (Edw.)  is  from  Colwell 
Bay.  T.  affinis  (Ed.  MS.)  is  in  Edw.  coll.  from  Brockenhurst  and 
Barton  ;  we  found  it  also  at  Whitecliff  Bay. 

Syndosmya  colvellensis  (Ed.  MS.)  seems  founded  on  a  single 
minute  valve. 

Scintilla  angusta  (Ed.  MS.)  is  from  Colwell  Bay,  Hordwell,  and 
Barton  beds. 

Mactra  fastigiata  (Ed.  MS.)  which  occurs  abundantly  at  Headon 
Hill,  is  from  Hordwell  in  Edw.  coll.  M.  filosa  (Ed.  MS.)  from 
Colwell  Bay  and  Long  Mead  Erid  (Upper  Bagshot)  we  are  unable  to 
consider  a  separate  form,  so  rank  it  as  a  synonym. 

86len  gracilis  (Sow.)  is  in  Edw.  coll.  from  Brockenhurst  and  Bar- 
ton beds. 

.  Mya  angustata  (Sow.)  was  originally  found  by  Prof.  Sedgwick  at 
Colwell  Bay ;  Edwards  has  an  apparently  identical  shell  which  he 
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at  first  identified  with  Sowerby's  species,  but  subseqnently  altered 
to  M.  hartonensis  (Ed.  MS.) ;  we  cannot,  however,  see  any  distinc- 

tion between  these  and  M.  producta  (Ed.  MS.)  from  Colwell  Bay ; 
we  consider  them  all  one  species.  Mr.  Searles  Wood  doubts  the 
Hamstead  form  M.  minor,  Eorbes,  being  a  distinct  species  either. 

Corbida  pisum  (Sow.)  is  not  in  Edw.  coll.  from  Headon  Hill  or 
Hordwell ;  and  we  doubt  its  occurrence  there ;  it  is,  however,  fairly 
abundant  in  the  Brockenhurst  zone  of  Whitecliff  Bay.  C.  nitida 
(Sow.)  is  in  Edw.  coll.  from  Roy  don  and  Long  Mead  End ;  it  was 

originally  described  from  Prof.  Sedgwick's  specimens  brought  from 
Middle  Headon  beds.  0.  fortisulcata  (Ed.  MS.)  we  consider  merely 
a  variety  of  C.  pisum  ;  we  omit  it,  since  it  comes  from  Long  Mead 
End,  probably  from  Barton  beds.  C.  jicus  was  found  at  Brocken- 
hurst  by  one  of  the  authors,  and  is  now  in  the  Woodwardian  Mu- 
seum. 

Panopcea  corrugata  (Sow.)  is,  according  to  the  Edw.  coll.,  only  a 
Barton  and  Bracklesham  shell ;  but  quite  possibly  P.  subeffusa  (Ed. 
MS.)  is  not  really  separable  from  this  species ;  in  either  case  one  of 
the  names  must  be  omitted. 

Cyrena  subregularis  (Ed.  MS.)  seems  to  pass  into  C.  obovata  (Sow.). 
0.  deperdita  (Lam.)  is  in  Edw.  coll.  from  Headon  Hill  and  Barton ; 
it  is  probably  from  the  Lower  Headon.  O.  arenaria  (Eorbes)  in 
Edw.  coll.  is  scarcely  separable  from  the  preceding;  it  is  from 
Headon  Hill  and  Hordwell,  but  apparently  from  Lower  Headon. 

Mr.  Searles  Wood  figures  a  different  form  as  Eorbes's  species.  C. 
gibbosula  (Morr.)  is  scarcely  a  distinct  form.  C.  cestiiarina,  C.  alti- 
rujpestris,  0.  obliquata,  MS.  names  in  Edw.  coll.,  are  not  inserted ; 
they  may  probably  be  Lower-Headon  shells. 

Bdlanus  unguiformis  (Sow.)  we  found  as  frequent  at  Headon  Hill 
as  at  Colwell  Bay. 

Pollicipes  refleccus  (Sow.)  is  cited  by  Eorbes  from  Colwell  Bay. 
Callianassa  Baylii  (H.  Woodw.)  we  have  from  all  the  zones  of 

the  Middle  Headon. 

EXPLANATION  OF  PLATE  V. 

The  figure  represents  the  coast-section  from  Headon  Hill  east  of  Heather- 
wood  Point  to  Cliff  End,  Colwell  Bay  ;  it  passes  inland  at  Warden  Point 
to  avoid  the  projecting  promontory.  An  attempt  is  made  to  represent 
where  beds  may  be  seen  in  situ,  and  where  they  are  concealed  by  fallen 
material.  Notwithstanding  that  the  vertical  scale  is  more  than  double 
the  horizontal,  it  is  impossible  to  show  much  detail ;  and  for  this  refe- 

rence is  to  be  made  to  the  accompanying  vertical  sections  (pp.  91,  98,  and 103). 

The  bends  of  the  coast-line  are  approximately  indicated  by  the  com- 
pass-bearings given. 

Discussion. 

The  Pkesident  remarked  that  the  paper  was  one  of  great  impor- 
tance. The  question  at  issue  was  one  sharply  defined  but  difficult 

to  come  to  a  conclusion  upon  without  visiting  the  sections. 
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Kev.  0.  Fisher  said  he  had  visited  the  locality  "with  Mr.  Tawney's paper  and  sections  in  manuscript,  and  that  he  agreed  with  the 

authors'  conclusions.  He  thought  the  error  on  the  part  of  Prof. 
Judd  might  have  proceeded  from  the  fact  that  at  the  JS\E.  corner 
of  Headon  Hill  the  Middle-Headon  fossils  were  found  by  the 
sea-shore ;  these,  however,  were  not  truly  in  situ,  but  had  been 
brought  down  by  a  slip ;  this  he  thought  possibly  the  key  to  the  erro- 

neous interpretation.  In  confirmation  of  the  view  that  the  Colwell- 
Bay  and  Headon  Yenus-beds  are  one  stratum,  he  had  found  it  with 
its  fossils  in  Totland  brick-field,  near  the  Hotel,  exactly  where  it 
should  occur  to  connect  the  disjoined  portions.  He  had  worked 
personally  at  the  Brockenhurst  locality  at  Whitley  Bidge,  and  had 
identified  the  bed  at  the  base  of  the  Middle  Headon  in  Whitecliff 

Bay.  Consequently,  if  the  Brockenhurst  bed  is  to  be  called  Oligo- 
cene,  the  Middle  Headon  can  no  longer  be  called  Eocene. 

Prof.  Judd  said  that  the  paper  rested  largely  on  assumptions.  His 
method  of  work  in  the  field  and  in  the  museum  had  been  made  a 
matter  of  assumption.  He  had  not  hastily  arrived  at  his  conclusions, 
but  for  twenty  years  he  had  worked  on  these  British  beds,  and  for 
twelve  years  had  studied  their  continental  equivalents  and  collec- 

tions of  fossils  made  from  them.  The  series  of  Eocene  and  Oligo- 

cene  strata  in  "Western  Europe  is  perfectly  clear ;  but  when  we come  to  Britain  a  difficulty  has  always  existed.  This  confusion  was 
removed  by  distinguishing  the  zone  of  C.  concavum  from  the  Broc- 

kenhurst series.  The  authors'  sections  were  supposed  to  support 
those  of  the  Survey ;  he  thought  on  examination  they  would  not  do 
so.  The  mistake  had  really  originated  from  using  Cytherea  incras- 
sata  to  fix  the  so-called  "Venus-bed"  of  fossil- collectors — the  fact 
being  that  that  shell  has  a  wide  range,  and  there  is  more  than  one 

"Venus-bed."  In  asserting  that  the  different  " Venus-beds "  are 
upon  the  same  horizon  the  authors  begged  the  whole  question.  This 
autumn  he  again  visited  the  island,  and  found  that  an  excavation  had 
been  opened  by  the  authors  in  a  Venus-bed  in  Totland  Bay,  but 
in  one  quite  different  from  that  in  Colwell  Bay.  Had  the  authors 
searched  the  Headon  cliff  they  might  have  found  other  Venus-beds. 
The  authors  had  confirmed  his  own  conclusion  that  the  Headon-Hill 
sands  do  not  occur  in  Totland  Bay ;  and  this  is  fatal  to  their  reading 
of  the  section.  As  regards  the  palaeontological  evidence,  he  thought 
that  the  method  of  comparison  of  most  abundant  fossils  was  often 
misleading,  as  might  be  shown  in  the  case  of  the  Cornbrash  and 
Bagstone  of  the  Lower  Oolite.  The  authors  say  that  the  Brocken- 

hurst bed  is  not  above  but  below  the  Venus-bed.  Now  the  former  is 
the  equivalent  of  the  Tongrian  beds  of  Belgium ;  and  foreign  geolo- 

gists all  regard  the  zone  of  C.  concavum  as  the  top  of  the  Bar- 
tonian — that  is,  of  the  Eocene.  Hence  the  result  of  their  interpre- 

tation of  the  section  was  to  place  beds  with  an  Upper-Eocene  fauna 
above  those  containing  a  Lower-Oligocene  fauna. 

Mr.  Staekie  Gardner  said  he  had  always  thought  that  in  the 
particular  section  under  discussion  there  was  only  one  Venus-bed : 
the  section  of  Headon  Hill  till  last  year  had  been  fairly  clear ;  and 
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he  had  never  seen  more  himself.  Ho  thought  "  Upper  Eoceno  "  and 
"Oligoccne"  equivalent  terms,  and  the  question,  which  should  remain 
in  use  ?  one  of  priority. 

Mr.  Whitaker  said  that  cliff-sections  in  soft  beds  were  apt  to 
vary  from  time  to  time,  so  that  observers  who  saw  them  under 
different  conditions  of  exposure  were  likely  to  differ  in  inter- 

preting them.  The  examination  of  other  parts  of  the  island, 
and  especially  the  mapping  of  limestones  or  other  well-marked 
beds,  might  partly  help  to  settle  the  question  in  dispute.  Perhaps 
the  Geological  Survey  map  had  been  constructed  rather  too  much 
on  theoretical  grounds. 

The  President  said  that  on  the  one  hand  we  had  the  minute 
measurements  of  Messrs.  Keeping  and  Tawney,  and,  on  the  other, 
the  wider  views  of  Prof.  Judd.  At  any  rate  these  views  were  now 
on  both  sides  well  laid  before  the  Society  ;  and  the  question,  although 
a  difficult  one,  as  he  had  himself  found  in  working  over  the  ground 
25  years  since  with  Dr.  Wright,  would  be  now  carefully  examined 
by  many  others. 

Mr.  Tawney  said  that  he  thought  Yon  Konen,  in  1864,  had  rightly 
correlated  the  German  and  English  beds.  As  for  Mr.  Whitaker's 
remarks,  he  thought  a  person  who  was  puzzled  by  a  cliff-section 
would  make  but  little  of  a  drift-covered  country  where  no  sections 
were  to  be  seen.  He  still  denied  what  Prof.  Judd  had  said  about 
there  being  more  than  one  marine  series.  The  Cerithium  concavum 
zone  of  Prof.  Hebert  at  Hordwell  did  not  occupy  the  position  attri- 

buted to  this  zone  by  Prof.  Judd  in  Headon  Hill.  He  maintained 
that  there  was  but  one  Yenus-bed.  The  6-inch  Ostrea  vectensis  bed 
in  the  Bembridge  beds  could  not  be  confused  with  the  Middle-Headon 
Yenus-bed. 
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10.  On  two  new  Ceinoids  from  the  Uppee  Chalk  of  Southern 
Sweden.  By  P.  Herbert  Carpenter,  Esq.,  M.A.,  Assistant 
Master  at  Eton  College.  Communicated  by  Prof.  P.  Martin 
Duncan,  M.B.  Lond.,  E.K.S.,  F.GKS.    (Kead  February  2, 1881.) 

[Plate  VI.] 

The  large  work  *  of  Prof.  Geinitz  on  the  fossils  from  the  valley  of 
the  Elbe  in  Saxony  contains  a  description  of  a  small  stalked  Crinoid 
from  the  "  Planerkalk  "  of  Strehlen  that  has  long  been  known  to 
contain  stem-joints  of  the  type  to  which  d'Orbigny  gave  the  name 
Bourgueticrinust.  Although  no  calyx  was  ever  met  with,  the 
characteristic  stem-joints  were  supposed  to  be  sufficiently  indi- 

cative of  the  presence  of  the  common  B.  ellipticus.  Some  ten  years 
ago,  however,  a  singularly  perfect  specimen  was  discovered,  con- 

sisting of  a  complete  stem  with  radicular  cirrhi,  and  a  calyx 
on  the  top  of  it  (PI.  VI.  fig.  1).  But  this  calyx  (fig.  2)  proved 
to  be  totally  different  in  its  characters  from  those  of  the  species 

of  Bourgueticrinus  described  by  d'Orbigny.  In  B.  ellipticus  the 
calyx  is  widest  round  the  basal  circlet,  and  tapers  gradually 
downwards  into  the  stem,  while  the  outer  surface  of  the  radials 
has  a  considerable  slant  from  above  downwards  and  outwards.  In 

d'Orbigny's  other  species,  B.  cequalis,  both  radials  and  basals, 
especially  the  latter,  are  relatively  narrower  and  higher,  and  the 
whole  calyx,  together  with  the  top  stem-joint,  is  almost  uniformly 
cylindrical ;  but  in  each  case  the  top  stem-joint  is  very  large  and 
relatively  higher  than  that  of  any  Apiocrinus,  while  in  B.  ellipticus 
it  widens  considerably  from  below  upwards.  Its  height  may  be  as 
much  as  or  more  than  that  of  the  basal  and  radial  circlets  together ; 
and  the  joints  immediately  below  it  gradually  diminish  in  width 
until  they  resemble  the  ordinary  stem-joints. 

In  the  Strehlen  fossil  J,  however,  the  calyx  is  widest  at  its  upper 
end,  around  the  upper  and  outer  edges  of  the  radials,  so  that  its 
diameter  diminishes  gradually  from  above  downwards  (PI.  YI. 
fig.  2a).  The  broad  external  faces  of  the  radials  slope  downwards 
and  inwards ;  and  the  basal  circlet  narrows  still  more,  so  that  the 
diameter  of  its  lower  face  is  less  than  two  thirds  that  of  the  upper 
surface  of  the  radials  (fig.  26).  But  the  top  stem-joint,  on  which  the 
calyx  rests,  only  expands  a  little  from  its  lower  to  its  upper  margin, 
and  its  increase  in  thickness  over  the  one  below  it  is  far  less  marked 

*  "  Das  Elbthalgebirge  in  Sachsen,"  Palseontographica,  Baud  xx.  Theil  2, 
pp.  18,  19. t  Histoire  naturelle  generate  et  particuliere  des  Crinoides  vivans  et  fossiles 
(Paris,  1840),  pp.  95,  96. 

|  Thanks  to  the  kindness  of  Prof.  Geinitz,  who  has  made  a  second  exami- 
nation of  this  specimen,  I  am  enabled  to  give  a  slightly  more  accurate  figure 

of  it  than  that  published  by  him  in  the  'Elbthalgebirge'  (Taf.  vi.  fig.  9a). 
In  the  older  figure  only  two  joints  are  represented  between  the  calyx  and  the 
enlargement  on  the  stem.  In  that  given  here  three  joints  are  shown  instead  of 
two,  this  later  interpretation  of  the  markings  on  the  upper  part  of  the  stem 
being  considered  by  Prof.  Geinitz  to  be  the  more  accurate  one. 
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than  is  the  case  in  Bourgueticrinus.  Both  it  and  the  joints  imme- 
diately below  it  are  decidedly  smaller  than  those  forming  the  lower 

part  of  the  stem,  which  is  just  the  reverse  of  what  we  find  in  Bour- 
gueticrinus. 

Prof.  Geinitz  was  unable  therefore  to  refer  this  specimen  to 
Bourgueticrinus,  despite  the  resemblance  of  its  stem-joints  to  those 
of  that  type ;  but  he  supposed  it  to  belong  to  the  genus  Antedon  on 
account  of  the  resemblance  of  its  calyx  to  that  of  Ant.  Sarsii,  as 

represented  by  M.  Sars  in  his  well-known  '  Memoires  pour  servir  a 
la  connaissance  des  Crinoi'des  vivants.'  In  the  specimens  figured 
by  Sars*,  "the  upper  end  of  the  stem  is  not  thickened,  and  the 
calyx  widens  from  its  base  to  the  upper  end  of  the  first  radial,"  just 
as  in  the  fossil  from  Strehlen  (Geinitz  f ).  This  resemblance  is  but 

an  imperfect  one,  however ;  for  Sars's  specimens  were  merely  the 
stalked  larvae  of  Ant.  Sarsii,  not  more  than  an  inch  long.  In  the 
later  stages  of  these  larvaaj  the  uppermost  stem-joint  or  future 
centro-dorsal  piece  of  the  mature  and  free  Antedon  not  only  becomes 
considerably  enlarged,  so  as  entirely  to  conceal  the  basals,  but  it 
also  bears  cirrhi.  This,  however,  is  not  the  case  with  the  corre- 

sponding joint  of  the  Strehlen  fossil. 
Prof.  Lundgren  §  has  already  pointed  out  that  this  specimen  is 

too  completely  developed  to  be  a  larval  Antedon  like  those  figured 
by  Sars ;  but  neither  he  nor  any  other  paleontologist  has  referred 
it  to  any  definite  position  among  the  Crinoids. 

The  "  Mucronatenkreide 99  (=  Upper  Chalk)  of  Kopinge,  near 
Ystad,  in  Southern  Sweden,  contains  a  quantity  of  stem -joints 
(PI.  YI.  figs.  3-6)  which  have  been  considered  as  belonging  to 
Bourgueticrinus  ellipticus,  though  no  calyx  of  this  species  has  yet 
been  found  associated  with  them.  Some  years  ago,  however,  a 
singular  calyx  was  met  with  (PI.  YI.  fig.  7),  which  was  presented 
to  the  Geological  Museum  of  the  University  of  Lund  by  Herr  Rector 
Bruzelius,  of  Ystad,  into  whose  hands  it  had  come.  Its  discovery 

was  announced  in  the  '  Neues  Jahrbuch  fur  Mineralogie '  by  Prof. 
Lundgren,  who  at  once  recognized  its  resemblance  to  the  so-called 
Antedon  Fisclieri  of  Geinitz  (PI.  YI.  fig.  2).  It  is,  however,  con- 

siderably larger  and  much  less  conical ;  but  it  has  even  less  resem- 
blance than  the  Strehlen  fossil  has  to  the  cylindrical  Bourgueticrinus 

cequalis.  During  my  recent  visit  to  Lund  for  the  purpose  of 
examining  the  Comatulce  of  the  Hetzian  collection,  Prof.  Lundgren 
showed  me  this  fossil,  and  was  kind  enough  to  intrust  it  to  me  for 
description.  Por  this  and  for  many  other  acts  of  kindness  I  offer 
him  my  heartiest  thanks. 

Por  these  two  fossils,  so  similar  in  their  general  characters  though 
differing  in  points  of  detail,  I  believe  that  not  only  a  new  genus, 
but  also  a  new  family  must  be  established.  I  propose  to  call  the 
genus  Mesocrinus ;  for  while  allied  to  Bourgueticrinus  in  the  cha-- 
racters  of  its  stem-joints,  it  is  quite  as  closely  allied  to  the  Penta- 
crinidse  in  the  characters  of  its  calyx.    The  only  real  resemblance 

*  Op.  cit.  pis.  v.,  vi.         f  Op.  cit.  p.  18.  \  Op.  cit.  pi.  vi.  fig.  24. 
§  Neues  Jahrbuch  fur  Mineralogie,  1876,  pp.  180-182. 
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to  the  Apiocrinidae  is  in  the  nature  of  the  faces  of  the  stem-joints, 
which  resemble  those  of  Bourgueticrinus  and  Bhizocrinus.  But 
similar  joints  occur  in  the  larval  Antedon  and  in  Platycrinus  * ;  so 
that  this  resemblance  does  not  go  for  much,  especially  when  it  is 

remembered  that  d'Orbigny  speaks  of  the  articular  faces  of  the 
stem-joints  in  the  Apiocrinidae  as  being  most  frequently  marked 
with  radiating  striae  f. 

On  the  other  hand,  Mesocrinus  differs  from  the  Apiocrinidae  as 

defined  by  d'Orbigny  and  by  Zittel  t,  in  the  presence  of  verticils  of 
cirrhi  on  the  stem,  and  in  the  small  size  of  its  upper  joints. 
Further,  the  central  funnel  of  the  calyx  (PI.  YI.  fig.  7  a)  is  small, 
not  wide  and  patent ;  while  the  articular  faces  of  the  radials  are 
large,  and  not  separated  or  barely  in  contact,  but  meet  one  another 
along  the  whole  length  of  their  sides,  and  bear  distinct  fossae  for 
the  attachment  of  muscles  and  ligaments.  Ail  these  characters  are 
more  or  less  distinctive  of  the  type  of  the  Pentacrinidae ;  but  Meso- 

crinus cannot  be  referred  to  that  family,  as  it  lacks  the  petaloid 
markings  on  the  faces  of  the  stem-joints. 

Mesoceintjs,  n.  g. 

Calyx  more  or  less  conical,  composed  of  five  basals  forming  a 
complete  ring,  and  five  radials  with  high  articular  faces  which  bear 
distinct  muscular  and  ligament-fossae,  and  are  in  contact  for  the 
whole  length  of  their  sides.  Upper  stem-joints  the  smallest.  Lower 
ones  with  elliptical  faces,  the  long  axes  of  which  are  occupied  by 
articular  ridges.  The  planes  of  these  ridges  on  the  two  faces  of 
each  joint  are  more  or  less  inclined  to  one  another.  The  joints 
may  bear  single  cirrhi,  or  two  may  combine  to  form  a  node  for  a 
verticil  of  two  cirrhi.    Eadicular  cirrhi  at  the  base  of  the  stem. 

^Iesoceinus  suedicus,  n.  sp.    (Plate  YI.  fig.  7.) 

The  lower  part  of  the  calyx  is  formed  by  five  pentagonal  basals, 
which  are  in  complete  contact  laterally,  so  as  entirely  to  cut  off  the 
radials  from  the  top  stem-joint.  The  lower  surface  of  the  basal 
pentagon  is  very  concave,  with  a  large  central  perforation ;  but  it 
is  quite  simple  and  devoid  of  any  kind  of  ornamentation  (PI.  YI. 
fig.  7b).  The  radials  have  very  high  outer  surfaces  (nearly  twice  as 
high  as  the  basals),  which  slope  very  slightly  upwards  and  outwards. 
Their  articular  faces  are  also  rather  high  and  trapezoidal,  with  large 
muscle-plates  standing  up  around  the  central  funnel.  The  thickened 
edges  of  the  two  muscle-plates  on  each  radial  are  separated  by  a 
slight  intermuscular  notch.  The  transverse  ridge  expands  into  a 
large  articular  surface  perforated  by  the  opening  of  the  central  canal, 
to  which  it  forms  a  thick  rim  on  all  sides.  Prom  this  surface  short 

ridges  proceed  upwards  and  outwards,  separating  the  large  muscle- 
fossae  from  the  small  ligament-fossae.  The  dorsal  fossa  for  the 
elastic  ligament  is  relatively  small,  being  represented  by  little  more 

*  A  Natural  History  of  the  Orinoidea  (Bristol,  1821),  pp.  34,  75* 
t  Op.  cit.  p.  1. 
%  Handbuch  der  Palaontologie,  Band  i.  p»  388* 
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than  the  pit  beneath  the  transverse  articular  ridge,  around  -which 
is  a  simple  smooth  surface. 

Size.  Height  5  millim.,  greatest  diameter  5  mm.,  least  diameter 

4  mm.,  greatest  height  of  basals  1*5  mm.,  least  height  1  mm.,  width 3  mm. 

As  already  pointed  out  by  Prof.  Lundgren,  the  stem-joints  which 
occur  associated  with  this  calyx  are  referable  to  three  principal 

types.  It  is,  of  course,  possible  that  they  belong  to  anothe"  species 
altogether ;  but,  like  Prof.  Lundgren,  I  am  inclined  to  refer  both 
calyx  and  stem-joints  to  one  and  the  same  species.  The  question 
cannot,  of  course,  be  decided  until  the  Swedish  collectors  are  fortunate 
enough  to  meet  with  a  perfect  specimen. 

Type  1.  Thin  circular  disks,  about  3  millim.  in  diameter,  with 
faces  perforated  in  the  centre,  but  without  markings  of  any  kind. 
They  probably  belong  to  the  upper  part  of  the  stem  immediately 
beneath  the  calyx.  Both  in  some  forms  of  BourgueticriniLS*  and  in 
Rliizocrinus  the  upper  stem-joints  have  simple  faces  without  any 
of  the  characteristic  sculpture  which  occurs  lower  down  the  stem. 
The  thin  penultimate  joint  of  Mesocrinus  Fischeri  (PL  YI.  fig.  1) 
would  seem  to  have  been  of  this  nature;  and  one  can  readily 
imagine  that  in  the  larger  M.  suedicus  the  number  of  such  simple 
stem-joints  was  larger,  as  is  actually  the  case  in  Bourgueticrinus. 

Type  2.  The  joints  of  this,  the  commonest  type  (PI.  YI.  fig.  3.),  are 
higher,  with  oval  articular  faces,  the  long  axes  of  which  are  occupied 
by  transverse  ridges.  The  planes  of  the  ridges  at  the  two  ends  of 

each  joint  are  inclined  to  one  another  at  angles  of  from  60°  to  nearly 
90° ;  and  the  centre  of  each  ridge  expands  considerably  around  the 
opening  of  the  central  canal  into  a  well-marked  articular  surface. 
A  median  groove  extends  along  each  half  of  the  ridge  from  the 
central  opening  towards  the  margin  of  the  joint-face ;  and  short 
shallow  branches  proceed  from  it  on  each  side  so  as  to  cut  out  the 
upper  portion  of  the  ridge  into  a  double  row  of  small  teeth. 

According  to  Prof.  Lundgren  these  joints  vary  in  size  from  3 
to  8  millim.  in  diameter,  usually  5  or  6  millim. ;  and  their  height 
is  about  equal  to  their  diameter. 

Type  3  (PI.  YI.  figs.  4-6).  Wider  but  lower  joints,  the  oval  faces 
of  which  are  much  more  pointed  than  in  those  of  type  2.  They  differ 
very  much  in  the  proportion  of  height  to  diameter.  In  the  thicker 
ones  (fig.  4)  the  expansion  of  the  transverse  ridge  around  the 
opening  of  the  central  canal  is  very  distinct,  and  there  is  a  crescentic 
pit  on  either  side  of  it.  But  these  features  are  much  less  marked 
in  the  thinner  joints,  the  faces  of  which  are  flatter  (fig.  5),  while  the 
transverse  ridges  scarcely  expand  at  all  around  the  central  canal. 
Some  of  these  joints  bear  portions  of  the  cirrhus-sockets,  as  already 
pointed  out  by  Prof.  Lundgren.    As  in  some  species  of  Pentacrinus, 

*  This  is  certainly  the  case  in  several  specimens  that  I  have  examined,  some 
of  which,  contained  in  the  University  collection  at  Berlin,  were  kindly  shown 
to  me  by  Prof.  Beyrich.  On  the  other  hand,  Quenstedt  figures  a  top  stem- 
joint  of  B.  ellipticus  with  a  distinct  transverse  ridge  and  articular  facet  on  its 
under  surface  (Petrefactenbmde  Deutschlands,  Band  iv.  tab.  104,  fig.  76). 
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two  joints  contribute  to  the  formation  of  a  socket,  and  the  sockets 
are  at  the  ends  of  the  long  axes  of  the  two  apposed  faces,  so  that 
there  were  two  cirrhi  at  each  node,  and  at  least  three  nodes  in  im- 

mediate succession  (fig.  6).  The  two  grooves  in  the  respective 
transverse  ridges  form  by  their  apposition  a  canal  which  lodged  the 
vessels  proceeding  to  the  two  cirrhi  from  the  central  vascular  axis  of 
the  stem,  and  opened  at  the  bottom  of  each  cirrhus-socket  *. 

In  the  absence  of  complete  specimens  of  Mesocrinus  suedicus  it  is, 
of  course,  impossible  to  determine  where  these  nodes  or,  rather, 
groups  of  nodes  occured  in  the  stem,  or  even  whether  a  stem  of  this 
character  was  associated  with  the  calyx  under  description.  I  suspect 
that  the  verticils  of  cirrhi  were  limited  to  the  wide  lower  part  of  the 
stem  ;  but  it  is  not  possible  to  form  any  opinion  as  to  whether  they 
were  simple  cirrhi  like  those  of  Pentacrinus,  or  irregularly  branched 
radicular  structures  like  those  on  the  lower  stem-joints  of  Rhizocrinus 
lofotensis. 

Failing  direct  evidence  to  the  contrary,  it  certainly  seems  to  me 
most  probable  that  the  calyx  and  stem-joints  fromKopinge  all  belong 
to  one  species,  which  would  then  differ  from  Mesocrinus  Fischeri  in 
other  characters  than  those  of  the  calyx ;  for  the  lower  joints  of 
M.  Fischeri  (PI.  YI.  fig.  1)  are  all  much  longer  than  wide,  as  in 
Rhizocrinus,  Bathycrinus,  and  the  larval  Antedon,  and  they  rarely 
bore  cirrhi  (PI.  Yl.fig.  1).  In  this  latter  respect  M.  suedicus  must  have 
been  related  to  M.  Fischeri  much  in  the  same  way  as  Rhizocrinus 
lofotensis  with  abundant  radicular  cirrhi  on  the  lower  part  of  its  stem 

is  related  to  R.  Rawsonii  t  which  had  "  very  few  radicular  cirrhi." 
The  wide  lower  stem-joints  of  M.  suedicus  (PI.  YI.  figs.  4-6) 

have  much  less  resemblance  to  the  corresponding  joints  of  M. 
Fischeri  than  to  those  of  Bourgueticrinus  ellvptieus,  as  represented 

by  d'Orbigny ;  and  they  further  resemble  these  last  in  having  the 
transverse  ridge  continuous  across  the  articular  face.  In  B.  con- 
strictus,  however,  the  ridge  is  interrupted  in  the  centre,  and  the 
more  or  less  marked  excavations  in  the  lateral  portions  of  the  joint- 
face  are  connected  with  one  another  round  the  central  canal,  very 
much  in  the  same  manner  as  the  two  cornua  of  the  grey  matter 
unite  around  the  central  canal  of  the  spinal  cord  This  feature  is 
also  distinctive  of  Rhizocrinus  and  of  the  Antedon-larva,  § ;  and  in 
both  of  these  types  the  transverse  ridge  is  cut  up  into  a  double  row 
of  minute  teeth.  So  far  as  I  know,  this  character  has  never  been 
described  in  any  species  of  Bourgueticrinus ;  and  Geinitz  neither  de- 

scribes nor  figures  it  in  Mesocrinus  Fischeri,  though  (as  mentioned 
above)  it  occurs  in  M.  suedicus. 

*  Quenstedt  (op.  cii.  p.  368)  has  described  cirrhus-sockets  on  stem-joints  from 
the  "White  Chalk  of  Eiigen,  and  has  remarked  that  the  grooves  in  the  trans- verse ridges  of  these  nodal  joints  are  often  very  distinct ;  but  there  seem  to 
have  been  more  than  two  cirrhi  at  each  node  (tab.  104,  fig.  63). 

t  "  Zoological  results  of  the  Hassler  Expedition.  I.  Echini,  Crinoids,  and 
Corals,"  Illustr.  Catalog.  Mus.  Comp.  Zool.  at  Harvard  College,  no.  viii.  p.  27. 

J  This  seems  to  be  also  the  case  in  the  so-called  B.  cllipticus  from  the  Eocene 
of  Traunstein  (Quenstedt,  op.  cit.  iv.  tab.  104.  fig.  82). 

§  Sars,  '  Crinoides  vivants,'  pp.  5,  6,  pi.  ii.  fig.  27,  and  pi.  vi.  fig.  17. 
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One  of  the  stem -joints  of  M.  Fischeri  which  is  figured  by  Geinitz 
is  very  singular.  There  is  a  thick  articular  rim  around  the  opening 
of  the  central  canal  of  the  oval-oblong  face,  as  in  the  lower  stem- 
joiuts  of  M.  suedicus ;  but  the  ridge  proceeding  from  this  to  either 
end  of  the  oval  is  Y-shaped  and  not  simple.  Some  of  the  stem-joints 
of  B.  ellipticus  and  also  of  Platyerinus  Icevis  which  were  figured  by 
Miiler  *  present  very  similar  characters ;  but  I  have  not  found 
them  in  any  of  the  j  oints  of  M.  suedicus. 

The  genus  Bourgueticrinus  is  rather  in  confusion  just  at  present, 
all  those  stem-joints  occurring  in  the  Mesozoic  rocks  being  referred 
to  it  that  have  elliptical  articular  faces  with  transverse  ridges  upon 
them,  which  are  in  different  planes  at  the  two  ends  of  each  joint ; 
and  we  are  unable  to  classify  these  joints  properly  in  the  absence  of 
sufficiently  perfect  specimens  of  whole  individuals. 

In  any  case,  however,  the  so-called  Antedon  Fischeri  and  its 
Swedish  ally  have  stem-joints  closely  approximating  to  the  Bour- 

gueticrinus type  (PI.  YI.  figs.  3-6).  Nevertheless  the  calyx  is 
quite  different  (PI.  YI.  figs.  2  &  7).  Seen  from  the  side  it  has  a 
certain  resemblance  to  some  forms  of  Millericrinus  Munsierianus, 

d'Orb.,  and  of  M.  Nodotianus,  d'Orb.  But  this  resemblance  dis- 
appears altogether  when  the  upper  surface  of  the  calyx  is  examined ; 

for  the  central  funnel  of  Millericrinus  is  very  large,  and  the  articular 
faces  of  the  radials  which  surround  it  are  wide  and  low,  barely 
meeting  laterally ;  while  Mesocrinus  has  quite  a  narrow  central 
funnel  (fig.  7,  a)  and  relatively  high  articular  faces,  which  diminish 
considerably  in  width  towards  their  upper  ends,  but  are  in  contact 
for  the  whole  length  of  their  sides. 

On  the  whole  the  calyx  most  resembles  that  of  a  Pentacrinus,  or 
rather  of  that  section  of  the  genus  with  a  closed  basal  circlet,  which 
is  referred  by  de  Loriol  f  to  Gainocrinus.  Had  I  either  calyx  alone 
before  me,  I  should  certainly  refer  it  to  Pentacrinus,  among  the  recent 
species  of  which  there  is  a  considerable  variation  in  the  proportions 
of  the  different  parts  of  the  calyx  In  Cainocrinus,  Millericrinus, 
Bourgueticrinus  §,  and  Rhizocrinus,  the  composition  of  the  calyx  is 
the  same.  In  all  these  genera  there  is  a  closed  circlet  of  five  basals, 
on  which  the  five  radials  rest,  just  as  they  do  in  Mesocrinus.  But 
there  are  considerable  differences  among  these  five  types  in  the  nature 
of  the  articular  faces  of  the  radials.  In  Millericrinus  these  faces 
are  very  wide  and  low,  and  are  nearly  or  quite  separated  laterally, 
while  the  fossae  for  the  muscles  and  interarticular  ligaments  are 
usually  but  slightly  developed  ||.  In  Bourgueticrinus  the  articular 

*  Op.  tit.  pp.  34,  75. 
t  'Monographic  des  Crinoides  fossiles  de  la  Suisse,'  Geneva,  1877-1879, 

p.  111.  See  also  "On  the  Genus  Solanocrinus,  Goldfuss,  and  its  Eelation  to 
Recent  ComatulEe,"  Joum.  Linn.  Soc,  Zool.  vol.  xv. 

.\  Compare  figs.  21  and  23  on  pi.  xi.  of  Journ.  Linn.  Soc.  Zool.  vol.  xv., 
with  fig.  3  on  pi.  vi.  of  the  Popular  Science  Review,  new  ser.  vol.  iv. 

§  In  some  specimens  of  "  B.  ellipticus"  in  the  national  collection  at  South 
Kensington  the  basals  appear  externally  as  small  triangular  pieces  which  are 
not  in  contact  laterally. 

||  According  to  de  Loriol,  Millericrinus  differs  from  Apiocrinus  in  the  presence 
of  an  articular  facet  on  the  first  radials.    In  the  latter  genus  "  leur  surface 

Q.  J.  G.  S.  No.  146.  l 
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faces  are  much  reduced  and  quite  insignificant,  while  in  Ehizocrinus 
they  are  wide,  low,  and  separate,  and  more  like  those  of  Milleri- 
crinus,  enclosing  a  wide  central  funnel. 

In  both  species  of  Mesocrinus, however,  and  especially  mM.suedicus, 
the  articular  faces  are  much  higher  relatively  to  their  width,  are  in 
contact  for  the  whole  length  of  their  sides  (figs.  2  a,  7  a),  and  have 
distinct  muscle-plates,  which  stand  up  around  the  opening  of  the 
small  central  funnel.  These  are  largest  and  best  developed  in  M. 

suedicus,  but  are  distinctly  recognizable  in  Geinitz's  figure  of  M. Fischeri. 
These  features  are  eminently  characteristic  of  the  Pentacrinidse 

and  Comatulidse,  though  I  have  seen  no  calyx  of  Pentacrinus  which 
could  be  said  to  be  precisely  like  that  of  Mesocrinus.  But  then  no 
two  Pentacrinus-calices  that  I  have  seen  are  precisely  like  one 
another ;  for  they  differ  very  much  among  themselves,  not  only  in 
the  relative  development  of  the  basals,  but  also  in  the  shape  and 
proportions  of  the  outer  surface  of  the  radials  and  of  their  articular 
faces.  At  the  same  time  it  must  be  remembered  that  we  are  only 
just  beginning  to  become  acquainted  with  these  modifications  ;  for 
neither  species  nor  individuals  of  living  forms  are  at  all  abundant 
in  collections,  much  less  are  they  available,' for  anatomical  investi- 

gation. The  calyx  of  Mesocrinus  Fisclieri.  (fig.  2)  finds  its  nearest 
ally  in  that  of  P.  WyviUe-Thomsoni*.  It  is  in  a  side  view  that 
the  resemblance  is  most  evident,  the  chief  point  of  difference  being 
the  greater  height  of  the  radials  and  of  their  articular  faces  in 
Mesocrinus.  These  features  are  more  marked,  however,  in  P. 
asteriaf ;  but  in  this  species  the  basals  are  small,  and  do  not  meet 
laterally  as  they  do  in  Mesocrinus.    Except  in  this  point  the  calyx 

superieure  ne  servait  pas  de  point  d' attache"  (loo.  cit.  p.  32).  I  regret  that  I 
cannot  altogether  agree  with  this  opinion  of  the  distinguished  Swiss  palaeon- 

tologist, who  must  have  been  unfortunate  in  some  of  the  specimens  he  examined. 
The  large  concave  surface  in  which  the  second  radials  of  Apiocrinus. rest  is  some- 

times an  expansion  of  what  in  recent  Crinoids^is  the  dorsal  fossa  lodging  the  elastic 
ligament.  This  is  well  shown  in  de  Loriol's  own  figures  of  the  ventral  aspect 
of  the  first  radials  of  A.  Meriani  (pi.  ii.  figs.  4a,  ba),  and  also  in  d'Orbigny's figure  of  A.  Murchisonianiis  (pi.  vi.  fig.  7).  The  central  end  of  this  large  fossa 
is  bounded  by  the  transverse  articular  ridge  pierced  by  the  opening  of  the 
central  canal ;  and  rising  up  from  this  ridge  so  as  to  form  a  part  of  the  rim  of  the 
central  funnel  are  larger  or  smaller  plates  for  the  muscle-  and  ligament-fossae. 
In  some  specimens  of  Apiocrinus  in  the  national  collection  these  fossse  are  re- 

latively large  and  are  separated  by  a  well-marked  ridge ;  but  in  most  species 
they  are  greatly  reduced  in  size,  as  is  also  frequently  the  case  in  Millericrinus. 
In  the  latter  genus  the  dorsal  fossa  never  reaches  the  enormous  size  that  it  does 
in  Apiocrinus,  and,  though  it  is  sometimes  relatively  large  (as  in  some  Comatulce), 
it  is  occasionally  comparatively  small. 

I  am  not  prepared  to  say,  however,  that  no  Apiocri?izis  had  the  first  and  second 
radials  united  otherwise  than  by  muscles  and  ligaments.  They  must,  in  some 
cases,  have  been  joined  by  a  syzygy,  e.g.  Ap.  Parhinsonii  (d'Orbigny,  pi.  v.  fig.  6) ; but  such  cases  are  very  anomalous;  for  in  the  other  Articulate  Crinoids 
syzygial  union,  though  common  enough  between  the  second  and  third  radials, 
never  takes  place  between  the  first  and  second.  Even  in  Marsupites  there  is  a 
distinct  articular  facet  on  the  first  radials. 

*  Journ.  Linn.  Soc,  Zool.  vol.  xv.  pi.  xi.  fig.  23. 
t  Journ.  Linn.  Soc,  Zool.  vol.  xv.  pi.  xi.  fig.  21. 
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of  P.  asteria  is  not  unlike  that  of  M.  suedicus  (PL  VI.  fig.  7),  which 
has  much  more  resemblance  to  it  than  to  the  calyx  of  any  species 
of  Millericrinus. 

Despite  the  resemblance  of  their  calicos  to  the  Pentacrinus-type, 
the  so-called  Antedon  Fischeri  and  its  Swedish  ally  obviously  belong 
to  another  genus  than  Pentaerinus.  They  lack  the  typical  stem  of 
this  genus,  with  its  verticils  of  cirrhi  from  the  top  downwards  and 
the  petaloid  markings  on  the  joint-faces.  Neither  does  Mesocrinus 
possess  the  typical  stem  of  Apiocrinus  or  Millericrinus ;  but  while 
chiefly  resembling  Bourgueticrinus  in  the  character  of  its  stem,  it 
differs  from  that  genus  and  approaches  RJiizocrinus  in  the  compara- 

tively small  size  of  its  upper  stem-joints  ;  and  it  especially  resembles 
R.  Rawsonii  in  the  relatively  slight  increase  in  the  diameter  of  its 
calyx  from  below  upwards.  In  neither  case  does  the  calyx  pass 
gradually  downwards  into  the  thickened  upper  end  of  the  stem,  as 
it  does  in  the  typical  Apiocrinidae  and  in  Bourgueticrinus,  to  which, 
in  other  respects,  Mesocrinus  has  a  considerable  resemblance. 

The  similarity  of  the  articular  faces  of  the  stem-joints  of  the 
young  Antedon  Sarsii  to  those  of  Rhizocrinus,  and  the  imperfect 
radicular  processes  that  proceed  from  the  lower  part  of  its  stem,  are 
characters  which  connect  the  Comatulidae  with  the  Apiocrinidae. 
The  Pentacrinidse,  however,  are  sharply  marked  off  from  the  latter 
family  by  the  striking  differences  in  the  character  of  the  stem.  It 
is  therefore  of  no  small  morphological  interest  to  find  a  type  in 
which  the  characters  of  a  Pentacrinus-calyx.  are  combined  with  those 
of  a  Bourguetic7*imis-stem.  It  is  quite  possible  that  some  of  the 
stem-joints  now  referred  to  Bourgueticrinus  may  belong  to  other 
intermediate  forms,  the  calices  of  which  are  still  unknown  to  us,  as 
that  of  Mesocrinus  was  but  a  few  years  ago. 

Prof.  Lundgren  has  been  kind  enough  also  to  intrust  to  me  the 
description  of  a  new  Antedon,  two  specimens  of  which  were  found 
by  himself  and  by  Mr.  J.  Chr.  Moberg  in  the  Ignaberga  Limestone 
at  Balsberg,  in  the  province  of  Scania,  S.W.  Sweden. 

Antedon  impressa,  n.  sp.    (Plate  VI.  figs.  8,  9.) 
Centrodorsal  a  thin  convex  pentagonal  disk  with  very  indistinct 

traces  of  a  small  five-rayed  impression  at  the  dorsal  pole.  In  the 
larger  specimen  the  dorsal  surface  is  somewhat  flattened  and  tolerably 
free  from  cirrhi  (fig.  8),  but  in  the  smaller  and  younger  specimen 
there  is  but  a  very  small  cirrhus-free  space  (fig.  9,  a).  There  are 
about  40-50  sockets  arranged  in  three  rather  indistinct  rows,  with 
occasional  traces  of  a  fourth ;  but  they  are  too  much  worn  to  show 
any  structural  details. 

The  ventral  surface  is  entirely  obscured  by  matrix  in  the  larger 
specimen,  and  is  only  partly  visible  in  the  smaller  one.  It  is 
markedly  concave ;  and  its  angles  are  somewhat  produced  upwards 
and  outwards.  In  the  middle  line  of  each  radial  area  is  a  median 
groove,  the  central  end  of  which  is  deepened  and  forms  a  radial  pit. 
The  outline  of  the  central  opening  was  probably  decagonal ;  and 

l  2 
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from  its  interradiai  sides  there  proceed  five  linear  oblong  basals, 
which  do  not  quite  reach  the  circumference.  The  outer  end  of  each 
is  marked  by  an  oval  oblong  impression. 

Diameter,  larger  specimen  8  millim.,  smaller  5  mm. 
Height,  larger  specimen,  2  millim.,  smaller  1*5  mm. 
Remarks.  I  do  not  know  of  any  Comatula,  either  recent  or  fossil, 

with  a  centrodorsal  at  all  like  that  of  this  species,  except  Antedon 
Tourtice.  Schliiter  *  figures  five  slight  grooves  radiating  outwards 
from  the  radial  pits  of  this  last  species  ;  but  he  makes  no  mention  of 
them  in  the  text.  The  ventral  surface  of  its  centrodorsal  is  slightly 
concave,  with  the  angles  raised ;  but  this  is  far  less  distinctly  the 
case  than  in  A.  impressa ;  and  the  centrodorsal  is  half  as  high  as  it 
is  wide,  and  bears  four  vertical  rows  of  cirrhus-soekets,  characters 
which  distinguish  it  sharply  from  A.  impressa. 

The  persistence  of  the  basals  in  connexion  with  the  centrodorsal 
rather  than  with  the  radials  is  also  interesting.  They  are  probably 
the  original  embryonic  basals  (or  orthobasals),  as  in  A.  Lundgreni 
and  a  few  other  species  f .  If  they  were  merely  basal  rays  connected 
with  a  rosette,  some  trace  would  have  remained  of  such  a  connexion  ; 
but  I  can  find  none. 

EXPLANATION  OF  PLATE  VI. 

Fig.  1.  Mesocrinus  Fischeri,  G-eiuitz,  sp.,  natural  size.     Copied  from  an 
amended  drawing  of  the  original,  kindly  lent  by  Prof.  Geinitz. 

2.  Calyx  of  Mesocrinus  Fischeri,  enlarged :  a,  side  view ;  b,  dorsal 
surface. 

3-6.  Stem-joints  from  Kopinge,  S.  Sweden,  probably  belonging  to 
Mesocrinus  suedicus,  all  X  2  :  a,  face  views  ;  b,  side  views. 

7.  Calyx  of  Mesocrinus  suedicus,  nov.  gen.  et  sp.,  X  6 :  a,  ventral 
surface ;  b,  dorsal  surface  ;  c,  from  the  side. 

8  &  9.  Centrodorsals  of  Antedon  impressa,  n.  sp. :  fig.  8.  Dorsal  sur- 
face of  the  larger  specimen,  X  4 ;  fig.  9.  Smaller  specimen,  x  6 : 

a,  dorsal  surface ;  b,  from  the  side  ;  c,  ventral  surface. 

Discussion. 

The  President  expressed  his  sense  of  the  value  of  the  author's 
communication,  and  hoped  he  would  continue  his  work. 

Prof.  Duncan  expressed  the  same  view. 
Prof.  Seeley  said  the  variations  of  Boiirgueticriniis  were  very 

remarkable,  both  in  form  and  in  structure  of  the  calyx.  He  had 
never  seen  one  with  the  structure  of  that  described,  but  had  seen 
some  approaching  it.  He  eulogized  the  description  given  by  the 
author,  and  expected  from  him  important  contributions  to  the 
knowledge  of  the  Cretaceous  Crinoids. 

*  "  Uebsr  einige  astylide  Crinoiden,"  Zeitschr.  d.  deutsch.  geol.  Gesellsch. 
1878,  p.  41,  Taf.  i.  figs.  4-6. 

t  Quart.  Journ.  Geol.  Soc.  1880,  vol.  xxxvi.  p.  550;  Journ.  Linn.  Soc,  Zool. 
vol.  xv.  p.  213. 
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11.  On  a  Boulder  of  Hornblende  Picrite  near  Pen-y-Carnisiog, 
Anglesey.  By  Prof.  T.  G.  Bonnet,  M.A.,  F.R.S.,  Sec.  G.  S. 
(Bead  January  5,  1881.) 

Last  summer,  through  the  kindness  of  Professor  Rosenbuseh,  I  was 
able  to  examine  several  specimens  of  picrite  in  - the  Geological 
Museum  at  Heidelberg,  and  to  study  the  rock  in  the  field,  near  the 
village  of  Schriesheim,  a  few  miles  to  the  north  of  that  town.  In 
September  I  was  walking  with  some  students  along  the  road  which 
leads  out  of  the  village  of  Pen-y-Carnisiog  northwards  to  Bwlyn 
(Anglesey),  when  I  observed,  in  a  field  on  the  left,  the  fractured 
face  of  a  boulder,  in  which  a  number  of  large  crystals  resembling 
augite,  glittering  in  the  sunlight,  in  a  dull  dark  matrix,  recalled  at 
once  the  characteristic  aspect  of  the  Schriesheim  picrite.  The 
boulder  had  been  broken,  apparently  rather  recently,  into  three 
pieces,  one  much  smaller  than  the  other  two  ;  and  its  volume  must 
have  been  not  much  less  than  a  cubic  yard.  In  its  weathered  sur- 

face and  toughness  under  the  hammer  it  also  resembled  the  Schries- 
heim rock.  In  both,  the  larger  crystals  (which  are  often  about 

two  thirds  of  an  inch  long)  contain  a  number  of  dark  serpentinous- 
looking  enclosures,  giving  to  the  cleavage-faces  an  interrupted  lustre 
somewhat  resembling  (except  in  the  absence  of  a  metallic  gleam) 
that  of  bastite.  The  Pen-y-Carnisiog  rock  looks  a  little  more  de- 

composed ;  but  macroscopically  the  resemblance  between  my  two 
specimens  is  so  great  that  one  could  believe  them  to  have  been 
broken  from  different  parts  of  the  same  mass. 

Part  of  a  Slice  from  a  Boulder  of  Hornblende  Picrite  near  Pen-y- 
Carnisiog,  Anglesey.    (Magnified  30  diameters,) 

a.  One  of  the  grains  of  altered  olivine. 
b,  b,  b.  Aggregated  small  crystals  of  hornblende,  probably  of  secondary  origin. 
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When  the  Pen-y-Carnisiog  rock  is  examined  microscopically,  the 
difference  between  the  two  is  rather  more  marked.  In  it  the  pre- 

dominant mineral  is  undoubtedly  hornblende.  This  occurs  under 
three  forms  : — (a)  innumerable  small  acicular  or  blade-like  crystals, 
in  irregular  tufted  groups,  forming  a  kind  of  ground-mass :  these 
vary  from  a  pale  green  tinge  to  almost  colourless,  and  are  generally 
very  feebly,  if  at  all,  dichroic ;  the  comparatively  small  extinction- 
angle  shows  them  to  be  hornblende  (actinolite)  ;  and  there  can  be 
no  reasonable  doubt  that  they  are  of  secondary  origin ;  (b)  small 
crystals,  exhibiting  often  characteristic  cleavages  and  even  external 

forms  (combinations  of  ooP  and  ooPcoo),  green-coloured  and  strongly 
dichroic ;  (c)  large  crystals  (those  mentioned  above  as  supposed 
augite),  including  grains  &c.  of  more  than  one  other  mineral,  to  be 
presently  noticed.  Augite  occurs  not  unfrequently  in  almost 
colourless  grains  and  crystals,  some  of  which  show  a  characteristic 
cleavage,  and,  in  one  or  two  cases,  the  characteristic  outline  (section 
of  the  combination  of  ooP,  ooP°oo,  ooP°oo).  The  extinction -angle 
of  the  longitudinal  sections  of  these  crystals  is  large,  ranging  com- 

monly from  30°  to  40°.  They  usually  occur  interspersed  in  a  dull 
olive-green  serpentinous  or  chloritic  mineral.  No  olivine  can  now  be 
recognized  with  certainty  in  the  slides ;  but  there  are  a  number  of 
irregular  grains  associated  in  them  with  the  other  minerals,  and 
abundantly  included  (these  being  of  smaller  size)  in  the  large  horn- 

blende crystals,  which  there  is  every  reason  to  believe  are  pseuclo- 
morphs  after  the  former  mineral.  Opacite  and  rounded  crystal- 

line grains  resembling  magnetite  abound  in  these,  often  clustered 
together  or  lining  roughly  parallel  cracks,  which  remind  us  of  the 
irregular  cleavages  of  olivine ;  from  these  a  brown  staining  often 
extends  inwards  for  some  little  distance.  The  pseudomorphic  con- 

stituents vary  considerably :  sometimes,  as  described  above,  they 
are  a  brownish  or  yellowish  green,  of  filmy  granular  structure,  act- 

ing upon  polarized,  light,  but  not  greatly  changing  their  colour; 
sometimes  they  exhibit  a  finely-speckled  aspect,  as  though  aggre- 

gates of  extremely  minute  grains  or  folia  of  a  mineral  that  acts 
strongly  upon  polarized  light ;  sometimes  they  are  aggregated  small 
folia  of  a  mineral  resembling  talc ;  and  sometimes  a  clear  isotropic, 
or  nearly  isotropic,  mineral,  such  as  is  common  in  ordinary  serpen- 

tines. Two  or  three  of  the  inclusions  in  the  larger  hornblende 
crystals  exhibit  a  radial  aggregate  structure  with  the  usual  black 
crosses.  Though  most  of  the  above  microlithic  products  are  not  the 
most  usual  replacements  of  olivine,  I  have  seen  them  occasionally 
in  my  studies  of  peridotites,  and  have  no  doubt  that  this  mineral 
was  formerly  present  in  the  Pen-y-Carnisiog  rock  (probably  a 
rather  ferriferous  variety).  Magnetite  is  not  uncommon  as  an  in- 

clusion in  the  larger  hornblende  crystals ;  the  slide  also  contains  a 
little  altered  brown  mica,  and  a  few  small  crystals  of  apatite. 

With  regard  to  the  large  black  crystals  already  mentioned, 
although,  from  their  optical  properties,  one  cannot  but  regard  them 
as  a  brown  hornblende,  I  doubt  much  whether  this  is  not  due  to 
subsequent  paramorphic  change,  and  believe  that  they  were  for- 
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merly  a  true  augite.  The  extinction-angles  are  generally  less  than 
20° ;  but  in  one  slide  are  two  crystals  which,  though  dichroic,  give 
angles  of  about  30°.  The  larger  crystals  of  the  Schriesheim  picrite 
agree  with  augite  in  their  feeble  dichroism  and  general  appearance ; 
but  the  results  of  several  measurements  of  the  extinction-angle  are 
less  than  20°  in  the  case  of  the  largest  crystal,  while  in  a  smaller 
one  they  are  over  30° ;  and  a  very  considerable  quantity  of  horn- 

blende, similar  to  the  varieties  (a)  and  (6),  is  present  in  the  body  of 
the  slide.  A  little  olivine  has  escaped  change ;  and  the  structure  of 
the  rest  is  rather  more  characteristic.  Still,  except  that  a  mica  is 
decidedly  more  abundant  in  the  Schriesheim  than  in  the  Pen-y-Car- 
nisiog  rock,  the  main  difference  appears  to  me  to  be,  that  the  latter 
has  undergone  more  alteration  than  the  former,  so  that  it,  too,  has 
once  been  a  true  picrite. 

Another  rock  is  very  abundant  in  boulders  in  this  district  of 
Anglesey,  which,  at  first  sight,  has  some  resemblance  to  the  picrite, 
though  less  porphyritic  in  structure.  Closer  examination,  however, 
shows  that  felspar  is  always  a  constituent  of  this,  though  it  is  often 
not  very  conspicuous.  I  have  examined  a  specimen  microscopically, 
and  find  it  to  consist  of  a  green  hornblende,  an  altered  felspar,  a 
brown  mica  more  or  less  changed,  apatite,  and  a  chloritic  mineral. 
The  hornblende  and  felspar  are  rather  irregular  in  external  form :  the 
latter  is  almost  wholly  replaced  by  microlithic  products  ;  but  one  or 
two  grains  still  retain  sufficient  traces  of  their  original  structure  to 
show  they  have  been  plagioclastic.  It  is  somewhat  singular  that  a 
rather  similar  rock,  but  with  more  brown  mica  and  better-preserved 
felspar,  occurs  at  Schriesheim,  within  a  short  distance  of  the  picrite, 
also  intrusive  in  the  granite.  This  is  named  a  Labrador-diorite  by 
the  German  petrologists. 

The  only  other  instances  known  to  me  of  the  occurrence  of  picrite 
in  the  British  Isles  are  two  in  Pifeshire,  described  by  Prof.  Geikie 
in  his  excellent  monograph  on  the  Carboniferous  Yolcanic  Rocks  of 
the  Pirth-of-Porth  basin*,  and  one  described  by  myself  f,  to  which, 
as  I  had  at  that  time  never  examined  a  typical  picrite,  and  had 
failed  to  obtain  a  very  clear  notion  of  the  rock  from  such  descrip- 

tions as  I  had  seen,  I  did  not  venture  to  attach  the  name.  In  this, 
however,  olivine  (still  very  fairly  preserved)  is  the  dominant  mi- 

neral ;  so  that  it  comes  nearer  to  a  normal  peridotite.  The  rock  was 
collected  many  years  ago  by  Professor  Sedgwick,  near  Penarfynydd, 
in  the  Lleyn  peninsula ;  and  Mr.  E.  P.  Tawney,  who  lately  visited 
the  locality  expressly  to  search  for  it  in  situ,  failed  to  find  it,  and 
believes  that  the  specimen  must  have  been  taken  from  a  boulder. 
Here  also,  as  described  by  Mr.  Tawney,  are  olivine-diabases  and 
hornblendic  diabases. 

I  have  ventured  to  draw  especial  attention  to  this  Anglesey  spe- 
cimen, in  the  hope  that  some  geologist  may  succeed  in  discovering 

a  like  rock  in  situ.  As  the  picrite  just  described  is  so  uncommon 
and  of  so  marked  a  character,  we  might  assume  with  much  confi- 

*  Transact.  Hoy.  Soc.  Edinburgh,  vol.  xxix.  p.  437. 
t  In  a  paper  by  Mr.  E.  B.  Tawney,  Geol.  Mag.  Dec.  2,  vol.  yii.  p.  208. 
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dence  (supposing  no  physical  difficulties  presented  themselves)  the 
Pen-y-Carnisiog  boulder  to  have  been  derived  from  that  parent  rock. 
This  would  afford  us  most  valuable  evidence  as  to  the  direction  in 
which  the  agent  of  transport  (doubtless  ice)  had  formerly  moved. 
The  south  side  of  the  Lleyn  peninsula,  even  if  the  rocks  corresponded 
(which  they  do  not),  seems  excluded  by  physical  considerations ; 
but  I  may  remark  that,  though  I  have  examined  many  boulders  in 
Anglesey,  I  have  failed  as  yet  to  identify  any  of  them  with  rocks 
from  the  Lake  District  or  from  Scotland,  and  think  that  we  must 
look  to  the  mountains  of  North  Wales  for  the  home  of  those  which 
cannot  be  found  in  Anglesey  itself. 
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12.  The  Geology  of  Central  "Wales.  By  Walter  Keeping,  Esq., 
M.A.,  E.G.S.,  Lecturer  on  Geology  in  the  University  of  Cam- 

bridge. With  an  Appendix  on  some  neiv  Species  of  Cladophora, 
by  Charles  Lapworth,  Esq.,  E.G.S.    (Read  June  23,  1880.) 

[Plate  VII.] 
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Appendix  by  Mr.  C.  Lapworth,  F.G.S., 
on  new  Species  of  Cladophora. 

Part  I. 

The  following  communication  contains  some  of  the  results  worked 

out  in  frequent  field-excursions  during  three  years'  stay  at  the 
University  College  of  Wales,  Aberystwyth.  In  many  of  these  ex- 

cursions I  was  accompanied  by  my  students  of  the  College ;  and  to 
them  I  am  indebted  for  much  help  both  in  the  museum  and  the 

field*.  Our  principal  field  of  work  was,  naturally,  within  a  radius 
of  some  fifteen  to  twenty  miles  around  the  town  of  Aberystwyth ; 
and  most  of  this  country  we  have  carefully  searched  and  traversed 
through  and  through.  The  more  distant  areas  to  the  south  of 
Cader  Idris,  at  Llanbrynmaer,  Llandovery,  Llandeilo,  Cardigan,  &c, 
have  also  been  visited  with  a  view  to  the  determination  of  the 

extent  and  variation  of  the  Cardiganshire  rock-groups,  and  the  dis- 
covery of  their  stratigraphical  relations  to  other  and  better-known 

geological  horizons. 
Little  has  yet  been  done  by  geologists  to  elucidate  the  structure 

of  this  part  of  Wales  :  while  the  most  careful  labours  of  our  greatest 
authorities  have  been  devoted  to  the  study  of  the  northern  counties 
and  eastern  borders  of  Wales,  and  also,  of  late  years,  to  the  south  in 
Pembrokeshire,  this  barren  and  chaotic  area  of  Mid  Wales  has  been 
always  neglected,  and  is  even  now  very  rarely  touched  with  the  geolo- 

gical hammer.  Eor  the  bibliography  of  our  subject  we  have  therefore 
but  little  to  say,  the  most  important  contributions  being : — the  work 

*  In  particular,  I  have  received  much  assistance  from  my  former  pupils 
Mr.  T.  Roberts,  now  of  St.  John's  College,  and  Mr.  E.  Evans  of  Sidney  College, Cambridge. 
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of  our  great  leader  Sedgwick,  published  in  the  Society's  Journal  in  the 
year  1847  (vol.  iii.  p.  150);  a  slight  account  of  the  Dol  Fan  conglome- 

rate, and  a  description  of  the  Lampeter  worm-trails  in  Murchison's 
'Silurian  System,' pp.  316,  317;  some  scattered  remarks  by  Mr. 
Salter  and  Sir  Roderick  Murchison  in  '  Siluria,'  and  by  the  former  in 
the  Cambridge  'Catalogue.'  The  Pont  Erwyd  district  is  referred  to 
in  Symonds's  'Records  of  the  Rocks,'  pp.  132, 133  ;  some  Graptolites 
from  Aberystwyth  are  recorded  by  Mr.  J.  Hopkinson,  P.G.S.,  in  the 
'  Journal '  of  the  Quekett  Microscopical  Club,  vol.  i.  p.  151 ;  and 
the  mineral  veins  of  Cardiganshire  are  described  by  Mr.  Warington 

Smyth,  M.A.,  F.R.S.,  in  the  'Memoirs  of  the  Geological  Survey,' 
vol.  ii.  part  2,  p.  485. 

The  present  communication,  although  worked  out  in  a  close  net- 
work of  foot-routes  in  parts  of  the  district,  and  cross  traverses  over 

the  rest,  is  offered  only  as  a  first  reconnoissance  report,  which  must 
be  followed  by  many  labours  before  the  structure  of  this  great  and 
complicated  district  can  be  thoroughly  mastered.  Some  general 
order  amidst  the  whirl  of  contortions,  however,  is  now  made  clear, 
such  as  the  general  succession  of  the  Aberystwyth,  Metalliferous, 
and  Plynlimmon  groups,  and  the  great  Plynlimmon  synclinal.  The 
enormous  apparent  thicknesses  of  the  rocks  are  shown  to  be  in  part 
due  to  a  series  of  inversions ;  and,  further,  the  interpretation  and 
correlation  of  the  beds  are  greatly  helped  forward  by  discoveries  of 
fossils,  mostly  Graptolites,  in  a  number  of  localities,  which  afford 
excellent  data  for  comparison  with  the  more  distant  Scotch  and 
Cumbrian  Silurians. 

Even  Sedgwick's  work  (1846)  was  but  of  a  very  superficial  kind ; 
for  he  tells  us,  "I  profess  not  to  know  well  this  most  contorted  and 
perplexing  country."  He  makes  four  rock  groups,  namely  the 
(1)  Aberystwyth,  (2)  Plynlimmon,  (3)  Upper  South-Wales  Slate 
with  the  Rhyader  Slate,  and  (4)  Cambro-Silurian  groups,  which 
appear  in  ascending  order  from  west  to  east;  but  he  adds,  "the 
sections  are  singularly  contorted,  the  groups  ill  defined,  and  the 

actual  order  of  superposition  obscure."  His  first  group  I  still  main- 
tain under  the  name  of  the  Aberystwyth  grits ;  but  nearly  all  the 

remaining  rocks  in  the  line  of  section  might,  I  believe,  have  been 
included  in  his  second  great  series — the  Plynlimmon  group.  On 
the  other  hand,  I  have  considered  this  great  Plynlimmon  group  of 
Sedgwick  under  two  distinct  headings,  namely  the  (inferior)  slate 
series  or  Metalliferous-slate  group,  and  the  overlying  Plynlimmon 
grits,  so  that  we  now  have  the  following  succession  of  deposits : — 

(3)  The  Plynlimmon  grits,  forming  a  line  of  high  country 
in  the  centre  of  Wales,  including  Plynlimmon. 

f  (2)  The  Metalliferous-slate  group,  forming  a  broad  zone  of 
Cardiganshire  J  contorted  country  on  each  side  of  (3). 

group.      1  (1)  The  Aberystwyth  grits,  best  developed  between  Aberyst- 
(_  wyth  and  Aberayron. 

Nos.  (1)  and  (2),  being  closely  bound  together  by  their  fossils,  are  known 
together  as  the  Cardiganshire  group. 

Por  an  illustrative  section  of  our  area  the  best  I  can  offer  is  that 

from  Aberystwyth,  through  the  Devil's  Bridge,  to  the  Plynlimmon 
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Mountains  (figs.  1  &  2).  The  lowest  beds  form  the  cliffs  at  the  coast, 
while  the  highest  go  to  form  the  central  mountains.  All  these  rocks 
are  amazingly  contorted ;  and  we  find  the  intermediate  or  Metallifer- 

ous group  especially  thrown  into  frequent  and  violent  twistings, 
with,  in  many  places,  actual  inversion.  A  continuation  of  the  section 
eastward,  beyond  Plynlimmon  (fig.  2),  shows  a  similar  appearance  of 
the  rock  groups  in  reversed  order  of  outcrop  and  with  contrary  dips, 
thus  showing  that  Plynlimmon,  like  its  more  ancient  and  greater 
fellow  Snowdon,  stands  in  a  geological  valley  or  synclinal.  We 
proceed  to  the  detail  of  this  section. 

1.  The  Aberystwyth  grits  consist  of  beds  of  hard,  compact,  dark 
grey  grit  or  greywacke,  and  dark  shales,  rabs,  and  imperfect  slates 
in  strikingly  regular  alternation,  as  may  be  seen  in  the  ordinary 
photographs  of  the  Aberystwyth  cliffs. 

The  grey  grits  or  greywackes  are  of  great  sameness  and  regularity 
both  in  structure  and  composition  around  Aberystwyth,  being  hard, 
grained  rocks,  often  felspathic,  regularly  and  sharply  jointed.  A 
cross  fracture  often  shows  a  remarkable  contortion  in  the  lines 

of  laminae,  this  being,  I  believe,  mostly  of  subsequent  "  concre- 
tionary "  origin ;  many  of  the  beds  themselves  are  also,  in  part, 

of  the  same  concretionary  growth.  The  beds  measure  very  con- 
stantly about  4  to  6  inches  in  thickness ;  and  their  under  sur- 

faces exhibit  an  abundance  of  raised  markings,  which  are  irregular 
or  tortuous,  branching,  net-like  or  worm-like,  these  being  also,  in 
part,  of  concretionary  origin. 

The  argillaceous  partings  are  usually  of  about  the  same  thickness 
as  the  greywacke-beds,  sometimes  thicker  (especially  to  the  east  and 
south),  sometimes  thinner  (as  in  many  places  around  Aberystwyth). 
Most  of  their  varieties  are  the  result  of  subsequent  metamorphic 
changes  acting  differently  upon  the  rock  according  to  a  slight 
diversity  of  original  constitution,  or  depending  upon  slightly  dif- 

ferent mechanical  conditions.  Thus  have  been  produced  the  various 

forms  of  shivery  shale,  large  platy  shale,  rubbly  rab*  of  various 
forms  and  sizes,  soft  shaly  slate,  and  even  very  well-marked  regular 
slate  in  the  Aberystwyth  district.  They  are  uniformly  of  dark 
colour,  and  never  greatly  indurated.  Lenticular  nodules  with  "  cone- 
in-cone  "  structure  are  of  frequent  occurrence  both  in  this  and  the 
following  (or  Metalliferous)  series. 

Fossils. — Fucoidal  and  worm-like  markings  are  of  frequent  and 
wide-spread  occurrence  throughout  this  series,  appearing  for  the 
most  part  in  the  form  of  raised  markings  upon  the  under  surfaces  of 
the  grits.    I  have  also  found  Graptolites  in  several  localities. 

Quarry  at  Cwm,  on  the  south  side  of  the  Clarach  Valley. 

Monograptus  Sedgewickii,  Portl. 
 Clingani,  Carr. 
 lobiferus,  M'Coy. 

Monograptus  tenuis,  Portl.  ? 
Buthotrepkis,  small  species. 

*  A  rah  is  a  fine-grained  rock,  usually  argillaceous  and  not  indurated,  which 
readily  breaks  up  into  a  rubble  of  cuboidal  or  prisrn-like  fragments. 
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From  the  Bryn-y-Carnau  Quarry  near  the  old  "Water-reservoir, Aberystwyth. 
Monograptus  Sedgewickii,  Portl. 

 erenularis,  Laptop 
 lobiferus,  M'Coy. 

Monograptus  tenuis  ? 
Dictyonema  delicatuluni,  Lapw. 

(n.  sp.). 

But  the  most  important  zone  of  fossils  is  found  somewhat  higher 
up  in  the  series,  exposed  in  a  quarry  formerly  worked  for  building- 
stone  and  road-metal,  in  a  field  below  Cefn  Hendre,  where  we  have 
collected 

Monograptus  Sedgewickii,  Portl. 
 ,  Tar.  distans,  Portl. 

 Clingani,  Carr. 
 lobiferus,  M'  Coy. 
 turriculatus,  Barr. 

Monograptus  Hisingeri,  Carr. 
 tenuis,  Portl.  ? 

Oi'tlioceras,  sp. 

Calymene. 

Many  of  these  fossils  were  found  in  a  set  of  thin,  dark-grey,  mica- 
ceous flags  (the  large-flag  series),  which  are  sometimes  to  be  obtained 

of  large  size  (4-6  feet  square). 
Dips  and  Foldings. — Many  rock-foldings,  some  of  them  very 

violent  and  accompanied  by  fractures,  are  seen  in  our  line  of 
section,  good  examples  being  exposed  near  the  second  milestone 
from  Aberystwyth  ;  so  that  for  a  mile  and  a  half  along  the  Upper 

Devil's  Bridge-road  we  appear  to  have  only  the  same  set  of  beds, 
repeated  again  and  again  by  a  number  of  rock-foldings  (see  section, 
fig.  1).  But  beyond  this  the  easterly  dip  becomes  more  constant, 
and  we  appear  to  be  traversing  the  outcrop  of  a  continually  ascend- 

ing series. 
2.  The  Metalliferous-slate  Group. — In  the  Cefn-Hendre  quarry, 

only  about  a  mile  and  a  half  east  of  Aberystwyth,  we  already  find  a 
larger  proportion  of  shales  to  grits  than  in  the  coast-section  around 
Aberystwyth  ;  and  this  change  becomes  still  more  marked  in  another 
quarry  on  the  road-side  further  on  down  the  hill  towards  Gogerddan. 
The  same  gradual  though  not  perfectly  regular  disappearance  of 
the  grits  to  the  east  may  be  seen  in  our  present  section  along  the 

Devil's-Bridge  road,  as,  indeed,  in  any  other  of  the  east  and  west  roads 
from  Aberystwyth*. 

A  change  in  the  character  of  the  argillaceous  rocks  appears  in 
regular  correlation  with  the  loss  of  the  grits.  They  become  more 
and  more  indurated  and  cleaved,  until,  as  the  boundaries  of  the 
grit-series  are  reached,  the  normal  cleavage  of  the  district  (striking 
N.N.E.  and  S.S.W.)  is  found  even  in  the  partings  between  thick 
grit-beds.  Thus  gradually  do  we  enter  into  the  territory  of  our 
second  series — the  Metalliferous  Slates. 

The  hills  of  this  district  are  barren  and  desolate,  even  more  so 

than  in  the  Aberystwyth-grit  country ;  but  they  are  decidedly  more 
rounded  and  regular  in  their  contours.    Here,  in  the  uplands,  is  a 

*  The  limit  of  the  grit  series  may  be  placed,  as  indicated  by  the  yellow  dots 
upon  the  Survey  Map,  at  about  three  miles  and  a  half  east  of  Aberystwyth.  In 
my  pocket-book  I  find  "  at  three  miles  from  town,  grits  fewer  and  thinner  than 
at  Aberystwyth,"  at  four  miles  "a  few  grit-beds  as  much  as  6  inches  thick,"  and 
at  five  miles  "  still  a  few  thin  grits." 
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vast  dreary  mountain-region  of  bare  sheep-walks  scantily  marked 
out  into  districts  by  poor  stone  walls  and  wire  fences,  with  much 
waste  bog  and  peat  land.  The  rocks  are  of  uniform  pale  blue  and 
grey  colours,  varying  from  small  papery  shales  (rarer)  to  large 
irregular  platy  shale  or  regularly  cleaved  slates,  also  (in  some  areas) 
much  indurated  small  slate  rock  cross-cut  into  fragments  by  frequent 
bedding-  and  joint-planes.  Some  zones  of  softer  rab,  like  that  of  the 
Aberystwyth  group,  and  a  pale  mudstone  rab  are  sometimes  found, 
especially  near  the  junction  with  the  grit  series. 

As  we  reach  the  central  mining  district,  some  seven  miles  east  of 
Aberystwyth,  beds  of  hard,  pale,  indurated  slate-rock  with  frequent 
bed-bandings  occur ;  and  in  the  immediate  neighbourhood  of  the 
mineral  veins  such  induration  is  nearly  always  well  marked. 

Occasionally  a  bed  of  grit,  2-6  inches  thick,  occurs  in  this  series ; 
but  such  occurrences  are  very  rare,  so  that  the  building-  and  road- 
stones  of  the  central  "  Metalliferous  "  country  have  to  be  carried 
for  miles,  either  from  the  Aberystwyth  grit  quarries  in  the  west,  or 
from  the  Plynlimmon  group  further  east. 

Thin  ferruginous  gritty  bands,  about  \  inch  thick,  however,  are 
more  frequent,  some  of  them  being  highly  micaceous.  Many  such 
are  seen  between  the  fourth  and  fifth  milestones  and  around  the 

ninth  milestone  on  the  Devil's-Eridge  road. 
Hock-foldings. — Several  excellent  exposures  of  the  contortions  in 

this  slaty  series  are  seen  along  our  line  of  section.  There  is  a  neat 
little  synclinal  at  seven  miles,  an  anticlinal  towards  the  eighth  mile- 

stone ;  and  several  folds  may  be  detected  about  nine  miles  east  of 
Aberystwyth;  but  overriding  these  foldings  the  prevailing  dip  is 
seen  to  be  clearly  and  determinately  to  the  east. 

Fossils  are  rare  in  this  series.  The  curious  branching  structure, 
Nematolites  Edwardsii,  Keep.,  occurs  at  Ty  Llwydd ;  and  I  have 
found  the  Fan  Algal  (Buthotrephis  major,  Keep.),  the  Nematolites, 
and  worm-trails  {Nereites)  in  several  other  places.  But  in  other 
areas,  especially  at  Cwm  Symlog  and  near  Machynlleth,  out  of  our 
present  line  of  section,  a  rich  Graptolite -fauna  has  been  discovered, 
and  will  be  described  later  on. 

The  DeviVs  Bridge,  great  Inversion  of  the  Rocks  (fig.  1). — As  we  de- 
scend the  hill  to  the  Devil's  Bridge  we  pass  over  pale,  hard,  shaly 

slates*  with  thin  gritty  bands  about  1  inch  thick, marked  with  worm- 
tracks  {Nereites  Sedgwickii) ,  impressions  of  the  Pan  Angal  {Bathotrephis 
major,  Keep.),  and  Nematolites  Edwardsii,  Keep.  Coarse  roofing- 
slates  have  been  worked  about  half  a  mile  west  of  the  hotel.  These 

rocks  belong  to  the  Metalliferous-slate  series ;  but  coming  to  the 
waterfall  we  meet  with  a  set  of  alternating  thin  grits  and  large 
pale  shaly  slates,  together  with  some  large  flags  of  laminated  grit, 
with  fossils  exactly  resembling  those  already  noticed  from  Cefn 
Hendre. 

Many  of  the  grit  bands  are  thin  and  little  jointed,  so  that  large 

*  Although  the  splitting  of  these  rocks  is  so  irregular  and  shale-like,  yet  the 
planes  of  division  are  of  subsequent  cleavage  origin ;  therefore  I  call  them  shaly 
slates  rather  than  slaty  shales. 
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flags  may  be  readily  extracted,  from  which  feature  I  have  called  this 
zone  the  "  Large-flag  series"  (fig.  2).  The  dip  is  to  the  west,  running 
under  the  slaty  series.  Fossils  may  be  found  here  in  the  open  quarry 

above  the  Devil's  Punch-bowl,  and  along  the  sides  of  the  waterfall 
itself;  but  all  the  Dendroid  Graptolites  (Cladophora)  are  from  a 
band  above  the  iron  bridge  in  the  waterfall-grounds  ;  while  some 
other  beds  below  this  bridge  are  so  crowded  with  Crinoid  ossicles  as 
almost  to  merit  the  name  of  Limestone. 

Fossils  from  the  Devil's  Bridge  : — 
Odontocaulis  Keepingii,  Lapw. 

(n.  sp.). 
Chonetes  leevigatus,  Sby.  ? Orthis,  sp. 

Other  fragmentary  Brackiopods. 
Phacops,  n.  sp. 
Fragments  of  Encrmites. 
Nereites  Sedgwickii,  Murch. 
Myrianites  tenuis,  M"  Coy. 

Monograptus  Sedgewickii,  Portl.? 
 spiralis,  Geinitz. 
 turriculatus,  Barr. 

Dictyonema  venustum,  Lapw.  (n.  sp.). 
 corrugatellum,  Lapw.  (n.  sp.). 

Calyptograpsus  (?)  plumosus,  Lapw. 
(n.  sp.). 

Rhizograptus  (?)  digitatus,  Lapw. 
(n.  sp.). 

 ramosus,  Lapw.  (n.  sp.). 
Now  in  this  list  of  fossils  the  species  of  Graptolites  are  seen  to 

correspond  with  those  of  Cefn  Hendre,  the  occurrence  of  Mono- 
graptus turriculatus  in  both  places  being  an  especially  important 

fact,  this  being  a  species  of  very  limited  range. 
And  we  have  seen  that  they  occur  in  identical  rocks  in  the  two 

places ;  I  therefore  cannot  doubt  that  these  are  really  one  and  the 
same  set  of  beds,  seen  in  the  upper  part  of  the  Aberystwyth  grits  at 
Cefn  Hendre  and  reappearing  at  the  surface  in  an  anticlinal  at  the 
Devil's  Bridge. 

This  conclusion,  however,  is  in  direct  antagonism  with  the  strati- 
graphical  appearances ;  for,  notwithstanding  the  numerous  folds,  the 
predominance  of  the  easterly  dip  is  most  determined  and  impresses 
itself  strongly  upon  the  mind. 

Being  convinced  of  these  appearances,  it  was  determined  to  test 
the  thickness  of  the  beds  by  actual  measurement;  and  our  exact 
observations  and  calculations,  made  at  more  than  100  exposures 

along  the  Devil's-Bridge  road  from  Aberystwyth,  strikingly  con- 
firmed our  earlier  impressions,  giving,  indeed,  a  result  of  nearly  four 

miles  thickness  of  strata  (3  miles  1612  yards).  In  such  apparent 
conflict  of  evidence,  and  in  the  absence  of  large  faults,  the  only 
reasonable  explanation  is  that  the  original  natural  order  of  the 
rocks  has  been  destroyed  by  the  formation  of  a  great  inversion,  or 
rather,  as  I  believe,  a  series  of  inversion  folds  in  the  Metalliferous- 
slate  series  (see  fig.  1).  And  indeed  this  interpretation,  in  con- 

formity with  the  fossil  evidence,  is  independently  almost  demanded 
to  explain  away  the  enormous  apparent  thicknesses  of  similar  rock- 
beds  as  measured  from  their  present  dips. 

"We  may  then  safely  conclude  that  in  the  Devil's-Bridge  rocks  we 
are  again  upon  the  upper  part  of  the  Aberystwyth-grit  series. 

Continuing  our  section  eastward  over  the  hill  through  the  Arch 
to  Cwm  Ystwyth  (fig.  2),  we  still  traverse  a  series  of  shaly  slates  of 
the  "  Metalliferous  "  type,  with  here  and  there  thin  grits  apparently 
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belonging  to  the  Large-nag  series.  The  presence  of  Fucoidal  mark- 
ings, including  the  Net  Algal  (Retiofucus  extensus,  Keep.)  and  Nema- 

tolites  at  one  mile  and  a  half  from  the  Devil's  Bridge,  a]  so  serves  to 
indicate  our  proximity  to  the  Aberystwyth -grit  series.  The  general 
apparent  dip  is  clearly  eastward,  with  some  foldings. 

Descending  beyond  the  Arch  towards  Eglwys  Newydd  the  only 
matter  of  special  interest  is  the  occurrence  of  a  thin  seam  of  rotten- 
stone  (a  decomposed  limestone)  which  may  perhaps  correspond  with 

the  crinoidal  zone  in  the  Devil's  Bridge.  Such  rocks  are  of  very 
rare  occurrence  in  Mid  Wales,  so  that  it  is  a  popular  saying  that 
"  there  is  no  lime  in  Cardiganshire." 

The  rocks  around  Popty,  near  Eglwys  Newydd,  are  again  seen  to 
be  very  much  of  the  Devils-Bridge  type ;  and  I  am  inclined  to  think 
that  a  set  of  rock-folds  with  reversals  have  here  brought  that  fossil 
zone  near  to  the  surface  again.  We  now  reach  a  region  of  manifest 
great  rock-foldings ;  and  as  we  ascend  Cwm  Ystwyth  a  number  of 
exposures  display  an  important  westerly  fold  in  the  rocks.  The 
beds  appear  still  to  belong  to  near  the  junction  of  the  Aberystwyth 
grits  with  the  Metalliferous-slate  group. 

Next  we  pass  through  the  rich  metalliferous  district  of  Cwm 
Ystwyth  with  its  network  of  mineral  veins  in  the  Metalliferous- 
slate  group,  beyond  which,  at  Blaen  y  Cwm,  thicker  grits  (about 
2  feet)  with  east  and  south-east  dips  come  in  amongst  the  slates ; 
and  these  latter  become  replaced  over  a  considerable  area  by  dark 
shaly  slate,  rab,  pencil-rab,  and  other  softer  forms  of  the  argillaceous 
rocks. 

Thick  grit-beds,  which  are  cleaved,  next  form  a  prominent  feature 
at  Craig  Lluest  (fig.  2) ;  and  these  I  regard  as  belonging  to  the 
lower  part  of  our  upper  grit-series — the  Plynlimmon  group.  This 
series  is  better  developed  in  Plynlimmon  itself,  to  which  we  must 
refer  (infra,  p.  156)  for  a  more  detailed  description.  The  dip  is 
eastward. 

Some  three  quarters  of  a  mile  beyond  the  top  of  the  pass  the  dip 
changes,  a  westerly  slope  setting  in ;  and  this  remains  well  sustained, 
though  with  some  east  foldings,  on  to  the  hills  west  of  Rhyader. 
Here,  then,  we  see  the  eastern  half  of  the  great  axial  synclinal  of 

this  part  of  Wrales — a  great  fold  in  which  Plynlimmon  lies;  but 
its  apparent  magnitude  is  greatly  exaggerated  by  the  phenomena 
of  reversed  dips.  The  lithological  details  of  this  part  of  the  section 
in  its  frequent  slight  variations,  but  general  monotony,  till  we 
reach  Ehyader,  would  occupy  much  space  and  be  of  little  value. 
Some  pale  shaly  slates  approaching  the  character  of  the  Tarannon 
shales,  and  thin  gritty  bands,  are  seen  on  the  dreary  bog-  and  moor- 

land of  the  higher  plateau  and  on  the  east  of  the  pass,  where  also 
some  of  the  grits  exhibit  irregular  fucoidal  markings  and  the  Net 
Algal  (Retiofucus  extensus,  Keep.)  upon  their  under  surfaces. 

One  good  anticlinal  fold  in  "Metalliferous  slates"  with  some 
grits  has  its  axis  about  one  mile  and  a  half  east  of  Aber  Gynwy ;  and 
a  synclinal  in  the  slaty  series  is  indicated  lower  down  on  the  road 
to  Pont  ur  Elan.    The  well-sustained  general  westerly  dip  of  the 
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great  series  of  thin-bedded,  slate,  pale-  or  dark-coloured,  seen  in  the 
ascent  from  this  bridge  to  the  top  of  the  high  part  of  Rhyader, 
appears  to  show  these  rocks  as  in  regular  serial  continuity  with 
the  beds  passed  over  on  the  great  slope  next  to  the  west,  the  whole 
forming  the  vast  westerly  fold  complementary  to  the  great  easterly 
dip  of  the  Metalliferous-slate  series  between  Aberystwyth  and  the 
Devil's  Bridge.  And  just  as  the  latter  is  now  proved  to  be  not  one 
continuous  series,  but  really  a  much  smaller  group  affected  by  fre- 

quent inversion,  so  we  are,  I  think,  justified  in  adopting  a  like  inter- 
pretation for  these  beds  to  the  east  of  the  Plynlimmon  axis.  The 

correspondence  of  the  rocks  on  the  two  meridional  sides  of  this  axis 
is  further  illustrated  as  we  reach  the  eastern  edge  of  the  great  plateau 
above  Gwyn  Llyn  (fig.  2),  where  we  find  a  zone  of  pale  banded  and 
indurated  slate  rock  identical  with  the  Strata  Florida  slate  rock  used 
in  the  Aberystwyth  stone  pier.  These  pass  under  a  series  of  grits 
and  conglomerates  in  the  beautiful  valley  of  Cwm  Elan.  A  little 
further  south  these  latter  beds  reappear  in  the  Grwastaden  grits 
and  conglomerates  of  the  hills  east  of  Rhyader.  Thus  our  accumu- 

lated facts  support  the  view  that  there  are  two  distinct  series  of 
grits  in  Cardiganshire,  separated  by  the  Metalliferous-slate  group. 
The  Ehyader  grits  and  conglomerates  appear  to  be  nearer  to  the 
Plynlimmon  than  the  Aberystwyth  group. 

The  Aberystywth  Grits,  extent,  variations.  Sfc. — -A  glance  at  the 
yellow-dotted  area  upon  the  Geological  Survey  Map  will  show  that 
the  Aberystwyth  grits  form  a  crescent-shaped  patch  of  country  in 
the  centre  of  the  western  Welsh  border,  extending  from  near  Borth, 
some  five  miles  north  of  Aberystwyth,  to  Traeth  Bach,  south  of 
Llangrannog,  a  distance  of  thirty  miles,  and  with  a  maximum 
breadth,  at  Mynydd  Bach,  of  nine  miles. 

A  set  of  characteristic  surface-features  marks  off  its  boundaries 
with  tolerable  distinctness,  its  barren  or  gorse-covered  ridgy  hills, 
elongated  along  the  line  of  rock  strike,  and  with  minor  sets  of 
parallel  crests  and  ledges  (sometimes  forming  sets  of  small  step- 

like structures  or  inclined  ribs  in  the  lines  of  more  durable  grit-beds), 
giving  to  the  group  an  almost  unmistakable  appearance*. 

The  general  characters  of  the  rocks  have  already  been  described 

in  our  Devil's-Briclge  line  of  section ;  and  the  variations  from  those 
types  are  neither  numerous  nor  very  striking.  The  greywacke  and 
grits  are  very  constant  in  grain,  never  becoming  conglomeratic ;  but 
some  coarser  varieties  are  found  in  a  few  localities — for  example, 
around  the  Eiddwen  lakes,  Mynydd  Bach,  and  at  Pen  Craig,  north  of 
Llanilar.  In  these  places  the  greywacke  is  almost  granitoid  in 
appearance,  the  quartz  grains  being  large,  flakes  of  mica  common, 

*  It  was  pointed  out  long  ago  by  Sir  Henry  de  la  Beche  that  the  same  type 
of  physical  features  appears  in  the  area  of  the  grits  of  Peurhyn  ddu  in  the 
Lleyn  peninsula,  which  are  marked  Lower  Cambrian  upon  the  Survey  Map. 

To  me  this  resemblance  also  appeared  very  striking.  The  Penrhyn-ddu  beds 
are  totally  unlike  any  of  the  Longmynd  group  known  to  me;  and  I  cannot 
believe  they  are  of  such  an  age ;  nor  do  I  think  with  de  la  Beche  that  they  are 
of  the  same  age  as  the  Aberystwyth  beds,  but  regard  them  as  an  exceptionally 
developed  type  of  the  Tremadoc  series. 

Q.J.G.S.  No.  146.  m 
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and  crystals  of  felspar,  sometimes  perfect  but  more  often  fragmen- 
tary, very  numerous  and  conspicuous.  These  constituents  are  held 

together  in  the  dark  argillaceous  greywacke  matrix.  The  rock  often 
closely  simulates  a  volcanic  ash*. 

In  thin  sections,  examined  under  the  microscope,  the  Pen-Craig 
rock  exhibits  irregular  angular  and  subangular  fragments  of  quartz 
and  felspar,  the  interstices  filled  with  the  dark,  opaque  (argillaceous) 
matrix.  The  quartz  is  somewhat  cracked,  and  includes  numerous 
cavities  and  minute  spicular  microliths;  these  latter  are  grouped 
into  wavy  stratoid  zones,  between  which  the  principal  cracking  of 
the  quartz  runs.  The  felspar  is  mostly  in  the  form  of  very  angular 
crystal-fragments,  usually  much  decomposed,  and  of  powdery  ap- 

pearance ;  but  some  of  the  better-preserved  fragments  show  the 
characteristic  ribbon  banding  of  the  Plagioclase  group  when  ex- 

amined with  polarized  light. 
The  ordinary  finer-grained  beds  are  usually  of  darker  colour  than 

these,  and  contain  less  felspar ;  they  are,  however,  for  the  most  part 
quite  similarly  constituted,  the  felspar  crystals  often  being  readily 
recognizable  when  decomposed  into  irony  spots  over  the  weathered 

portions  of  the  rock.  Paler  thin  bauds,' very  compact  in  texture, 
occur  in  the  southern  part  of  the  district  around  Llangrannog. 

The  presence  of  crystals  of  iron-pyrites  occasionally  gives  a  marked 
feature  to  the  grits  ;  and  at  Pen  Craig,  Llanilar,  and  in  the  Garthen 
valley,  Eglwys  Pach,  some  beds  occur  beautifully  studded  with  these 
brassy  cubes. 

The  ordinary  thickness  (4-6  inches)  of  the  beds  is  very  constant 
throughout  the  area  of  the  Aberstwyth  grits ;  but  more  massive  beds 
(1-1 1  foot)  occur  under  Allt  wen  and  at  Aberaeron,  in  the  Garthen 
valley,  and  at  Llangwyryfon  (2  J  feet).  At  Cefn  Coch,  Pen  Pegwyns, 
and  along  the  coast  south  of  Aberystwyth  still  thicker  beds  are  seen 
(3-4  feet) ;  they  are  worked  for  building-stones.  At  the  southern 
limit  of  the  series,  near  Llangrannog,  the  grits  become  thin-,  irregular, 
and  inconstant,  thus  gradually  dying  away,  to  be  replaced  by  the  ar- 

gillaceous slate-rocks. 
Two  structural  peculiarities  are  very  characteristic  of  the  Car- 

diganshire grits — namely,  the  remarkable  contorted  lamination  seen 
on  a  fractured  surface,  and  an  abundance  of  fucoid  markings,  to- 

gether with  strange-looking  ripplings,  ridgings,  volutings,  and  other 
raised  forms  of  structure  found  upon  the  undersurfaces  of  the  grit- 
beds  f.  The  rock  is  jointed,  sometimes  into  large  blocks  good  for 
building-  and  flag- stones,  but  often  much  more  closely  into  regular 
oblong  or  rhomboidal  fragments.  At  Allt-wen  cliff  and  elsewhere 
it  is  divided  up  into  oblong,  prismatic,  or  rudely  lozenge-shaped 
fragments  a  foot  long,  forming  a  kind  of  coarse  grit-rab. 

*  This  abundance  of  felspar  crystals,  so  general  in  the  Silurian  rocks  (Upper 
Silurian  of  North  Wales,  South  Wales,  and  the  Lake-district),  points  to  the 
neighbouring  presence  of  a  vast  mass  of  early,  perhaps  primaiTal,  igneous 
rocks  as  the  great  source  of  sediment-supply  in  Silurian  times. 

t  It  is  proposed  to  give  a  more  particular  account  of  the  rock-structure  of 
Cardiganshire  in  a  separate  paper. 
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Little  need  be  added  to  what  we  have  said  on  the  alternating- 
argillaceous  beds.  The  raft-typo  is  best  seen  upon  tho  Allt-wen 
cliffs,  south  of  Aberystwyth,  where  also  an  elongated  type,  serving 
very  well  as  rough  pencils,  forms  the  "  pencil-rab these  beds 
commonly  appear  much  more  solid  in  the  heart  of  the  rock,  the 
fragmentary  structure  only  becoming  developed  after  exposure  to 
weathering. 

The  cleavage  phenomena  here  are  often  of  peculiar  interest  from 
their  frequently  incomplete,  half-developed  character.  The  dark  shaly- 
looking  rock  of  Constitution  Hill,  Aberystwyth,  would  not  at  first  be 
suspected  of  a  slaty  structure ;  but  specimens  may  be  gathered  with 
the  cleavage  seen  distinctly  cutting  across  the  stripe-lines  ;  and  many 
of  the  dark,  soft,  shaly  rock-beds  of  the  neighbouring  cliffs,  when 
seen  in  sitic,  will  be  found  to  have  their  divisional  lines  running 
across  the  bedding. 

A  pale,  homogeneous,  hardened  mud,  or  pale  mudstone,  splitting 
with  curved,  conchoidal  surfaces  into  2-3-inch  blocks,  is  of  additional 
importance,  as  probably  marking  a  zone  ;  I  have  found  it  some  half 
a  mile  north-east  of  Nant  Eos,  at  Pen  Craig,  Llanilar,  on  the  road-side 
N.N.E.  of  Llanbardarn,  and  at  five  miles  east  of  Aberaeron.  This 
appears  to  indicate  a  distinct  zone  near  the  top  of  the  Aberystwyth 
grits.  The  same  kind  of  rock  occurs  at  Llyn  Eyrddyn  Fawr,  and  at 
Ehos  Ehydd,  near  Llantrisant,  where  it  is  again  not  far  removed 
from  the  thin-flag  series — another  zone  at  the  top  of  the  Abery- 

stwyth grits. 
The  Large-flag  series. — This  series,  which  belongs  to  the  upper 

part  of  the  Aberystwyth  group,  is  best  marked  to  the  east,  in  the 
neighbourhood  of  the  Devil's  Bridge  and  Llantrisant,  where  its 
presence  is  soon  made  manifest  in  the  construction  of  piggeries  and 
other  low  huts,  whose  sides  and  roofs  are  covered  with  the  flags. 
These  are  grit-beds,  about  1  inch  thick,  but  little  jointed,  so  that 
large  slabs,  frequently  4  and  6  feet  square,  are  commonly  extracted 
for  use  in  the  neighbourhood.  The  rock  is  fine-grained,  and  usually 
exhibits  a  complete  contortion  in  the  lines  of  laminse ;  altogether 
it  much  resembles  some  of  the  grit-beds  of  the  middle  Lingula- 

flags  of  North  "Wales.  The  surfaces  are  generally  undulated,  and 
often  show  true  ripple-marks,  over  which  we  find  Graptolites  and 
other  fossils  spread  out:  the  Devil's-Bridge  Dendroid  Grraptolites occur  in  this  series. 

The  further  extensions  of  these  beds,  north  and  south,  are  seen 
around  Pont  Erwyd  and  south  of  Llantrisant ;  and  the  same  series 
seems  to  be  brought  up  to  day  by  folds,  on  the  east  at  Eglwys 
Newydd,  and  to  the  west  near  the  head  of  Cwm  Symlog.  Bands  of 

rottenstone  (decomposed  limestone)  occur  at  the  Devil's  Bridge,  near 
Eglwys  Newydd,  and  again  in  the  hills  some  four  miles  east  of  Tal 
y  bont. 

Around  Aberystwyth  these  flags  are  not  so  well  developed ;  but 
they  may  be  recognized  at  Cefn  Hendre,  as  already  described,  where 
they  are  put  to  the  usual  purpose  of  hut-making  for  the  work- 

men's shelter. 
m  2 
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Fossil  localities,  other  than  those  already  given,  are : — 

Parson's  Bridge,  and  Temple  Mine,  south  of  Pont  Erwyd. 
Monograptus  lobiferus,  MlCoy. 
Climacograpsus  scalaris,  His. 
Nereites  Sedgwickii,  Murck. 

Myrianites  M'Leayi,  Murch. Buthotrephis  major,  Keep. 

Cefn  Coch,  near  Aberystwyth. 
Monograptus  Sedgewickii,  Parti. 
Buthotrephis  major,  Keep. 

 minor,  Keep. 

Eetiofucus  extensus,  Keep. 
Palseochorda  tardifurcata,  Keep. 

Constitution  Hill,  Aberystwyth ;  Wern  Grug,  Llanilar ;  Mynydd 
Bach  :  Plas  Crag,  Llanbardarn,  and  other  places  have  also  yielded  a 
few  fossils,  mostly  Algae, — Buthotrephis  major,  B.  minor,  B.  minimus, 
Keep.,  Palceochorda  tardifurcata,  Metiofucus  extensus,  and  Nema- 
tolites  Edwardsii,  Keep. 

Thickness. — We  have  seen  that  much  of  the  apparent  thickness  of 
the  Aberystwyth  grits  is  deceptive,  being  explained  away  by  great 
folds.  Still  a  great  series  remains,  well  attested  even  by  the  simple 
heights  of  many  hills  which  are  built  up  entirely  of  this  group. 
Mynydd  Bach  appears  to  be  over  1000  feet  high  (by  aneroid) ;  and 
I  should  estimate  the  group  at  certainly  not  less  than  1000  feet  of 

maximum  thickness.  Our  detailed  measurements  along  the  Devil's- 
Bridge  road  show  a  thickness  of  1639  yards,  or  nearly  one  mile. 

The  Metalliferous-slate  Group. — A  very  large  part  of  Cardi- 
ganshire is  constructed  of  this  series.  In  the  special  area  of  our 

work  it  forms  a  broad  semicircular  zone,  some  eight  to  ten  miles 
across,  sweeping  around  the  dome  of  the  Aberystwyth  grits  to  form 
all  the  slaty  country  from  north  of  Cardigan  up  to  Machynlleth. 
At  the  latter  place  it  forks  into  two,  the  main  curve  being  continued 
out  to  sea  by  the  Dovey  valley,  while  a  broad  but  rapidly  attenu- 

ating arm  runs  northward  to  Dinas  Mowddwy,  at  which  place  its 
much  diminished  representative  is  found  between  the  Bala  series 
and  the  Tarannon  shale. 

The  above  area,  however,  is  not  unmixed  metalliferous  slate,  the 
upper  part  of  the  Aberystwyth  group  being  brought  up  by  folds, 
along  north-and-south  lines,  running  through  Ystrad  Meurig,  and 
the  Devil's  Bridge ;  and  possibly  some  outliers  of  the  Plynlimmon 
group  may  be  folded  in.  Still  the  general  absence  of  arenaceous 
beds  is  marked  over  miles  of  country  without  a  single  grit-bed  to 
serve  for  road-  or  building-stone.  Tin  Llidiart  village  uses  the  hard 
pale  slate  of  Goginan  for  building ;  and  at  Llanafon  the  numerous 
boulders  serve  for  road-metal. 

Further  south,  in  the  line  between  Cardigan  and  Llandovery,  the 
slate  series  appears  in  still  greater  extent,  which  is  due  to  its  there 
representing  also  the  .  Aberystwyth  group,  and  perhaps  also  the 
Plynlimmon  grits,  these  groups  not  being  developed  as  such  in  that 
area. 

A  marked  lithological  character  distinguishes  this  group  as  a 

whole,  the  terms  "indurated  shaly  slate,"  "irregular  slate,"  "flaggy- 
slate,"  "  pale  blue  slate,"  from  my  note-book,  serving  to  indicate  the 
usual  character;  I  also  find  "hard  pale  slate-rock,  often  much 
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jointed,"  and  "  pale  slates  with  ribbon  bandings."  The  prevailing 
colour  of  the  rocks  is  a  pale  blue-grey ;  and  they  generally  break  up 
into  moderately  small  fragments,  shale-fashion. 

Slate. — In  many  places  where  the  slates  are  better  cleaved,  and 
less  frequently  jointed,  they  are  worked  in  small  quarries  for  inferior 
local  purposes,  as  around  Llancynfelin,  in  the  hills  south  of  Machyn- 

lleth, in  the  island  mounds  of  the  Gorsfochno  flats,  and  near  the 

Devil's  Bridge.  These  rough  slates  are  pale-coloured,  hard,  and 
coarse  :  but  around  Machynlleth  thoroughly  good  slates  are  worked 
in  a  number  of  large  quarries.  One  of  the  largest  of  these  is  at  Pont 
Faen,  where  large  slate-flags  are  extracted ;  but  the  most  interesting 
to  the  geologist  is  that  at  Morben,  two  and  a  half  miles  south-west 
of  the  town  of  Machynlleth.  These  are  thick-bedded  slate  rocks, 
with  a  few  thin  grits,  dipping  at  high  angles  to  the  W.K.W. 

This,  however,  is  an  inverted  dip,  as  is  proved  by  the  position  of 
the  prominences  on  the  grit-bands,  which  are  upon  the  upper  sur- 

faces of  the  grits,  the  worm-trails  being  also  manifestly  in  inverted 
position.  The  cleavage-dip  diverges  only  slightly  from  the  bedding- 
dip,  so  that  the  Graptolites  usually  run  for  some  distance  along  the 
surface  of  the  slate,  and  then  gradually  skim  under  it.  The  slates 
are  very  good,  dark  and  soft.  Nodules  of  iron-pyrites  occur;  and 
nearly  all  the  Graptolites  are  converted  into  this  bright  mineral. 
This  quarry  has  yielded  the  finest  of  our  fossils,  the  Monograptus 
SedgeivicJcii  being  especially  magnificent. 

Fossils  from  Morben  Quarry,  Machynlleth. 
Rastrites  peregrinus,  Barr.  Monograptus  Hisingeri,  Carr. 
■  inaxiinus,  Carr.   tenuis,  Portl. 
Monograptus  Sedgewickii,  Portl.    j   involutus,  Lapw. 

-,  var.  spinigerus,  Nich. 
 ,  var.  distans,  Portl. 

intermedins,  Carr. 
spiralis,  Geinitz. 
lobiferus,  M'Coy. 

Diplograpsus  Hughesii,  Nich. 
Climacograpsus  normalis,  Lapiv.  ? 
Myrianites  M'Leayi,  Murch.  ?  Lapworthii,  Keep. 
Buthotrepliis  major,  Keep. 

Below  this  in  present  position,  but  by  inversion  really  above  it,  is 
a  zone  of  pale  blue  and  olive  shaly  slate,  pointed  out  to  me  by 
Mr.  J.  E.  Marr,  F.G.S.,  as  being  similar  to  certain  zones  in  the 
Coniston  mudstones.  The  great  slate  district  of  Corris,  usually 
referred  to  the  Llandeilo  age,  is  in  this  series,  as  will  be  shown 
later  on ;  also  the  excellent  slates  of  Dol  y  Mynach  and  Cwm  par 
Adwys,  west  of  Bhyader. 

Other  rock-varieties,  such  as  dark  paper-shales,  rab,  and  mud- 
stone,  approach  near  to  the  Aberystwyth  types ;  and  some  of  the 
occurrences  of  such  rocks  doubtless  indicate  the  uprising  of  that  group 

as  inliers  in  the  metalliferous-slate  area.  In  the  .Devil's-Bridge 
road  such  rocks  appear  in  several  places. 

Grit-beds  as  thick  as  6  inches  may  occur ;  and  thin  zones,  about 
J  inch  to  2  inches  thick,  are  frequent;  these  are  generally  red- 
stained  at  the  surface,  and  micaceous.  They  are  trustworthy  guides 
to  the  dip  of  the  beds,  which  in  their  absence  is  often  not  easy  to 
discover. 
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At  Cwni  Symlog,  nine  miles  east  of  Aberystwyth,  pale  soft  shales 
and  slates  with  thin  grits,  rich  in  fossils,  are  found. 

Kastrites  peregrinus,  Barr. 
Monograptus  Sedgewickii,  PortL 

 crenularis,  Lapw. 
 cypkus,  Lapw. 
 gregarius,  Lapw. 
 intermedins,  Carr. 
 Olingani,  Carr. 
 spiralis,  Gein. 
 lobiferus,  M'Coy. 
 runcinatus,  Lapw. 

 ■  Hisingeri,  Carr. 
 tenuis,  Portl.  ? 
 involutus,  Lapw. 

Diplograpsus  tamariscus,  Nidi.  ? 
-  Hugnesii,  Nick. 

 sinuatus,  Nidi. 

Fossils  from  Cwm  Symlog. 
Monograptus  palmeus,  Barr. 
Cliinacograpsus  spiralis,  His. 

FORAMINIFERA. 
Dentalina. 
Textularia. 
Eotalia. 

Annelida. 
Nereites  Sedgwickii,  Murch. 
Myrianites  M'Leayi,  Murch. Nemertites  Olivantii,  Murch. 

Algm. 
Buthotrephis  major,  Keep,  minor,  Keep. 

 minimus,  Keep. 

At  Ystrad  Meurig,  forming  the  high  ground  twelve  miles  south- 
east of  Aberystwyth,  and  in  near  association  with  a  fossil  zone,  is  a 

series  of  hard  pale  grits  with  thin  indurated  slate  partings,  firmly 
bound  together,  to  form  hard  massive  rocks  (a) ;  we  refer  to  this  as 
the  "  Strata  Florida  rock." 

Another  well-marked  rock  demanding  attention  is  (b)  a  pale  indu- 
rated slate  rock,  usually  cross-banded  by  thin  arenaceous  stripe- 

zones.  It  is  well  seen  at  Machynlleth,  to  the  east  of  Eglwys  Fach, 
and  east  of  Tal  y  bont.  Again,  the  same  type  of  rock  occurs  (c)  in 
the  hills  east  of  the  Eheidol  gorge ;  I  find  blocks  of  it  around  Llan- 
trisant;  and  it  is  also  well  developed  at  Goginan,  to  the  east  of 
Llanddewi  Brefi,  and  in  the  hills  west  of  Ehyader.  These  rocks 
are  essentially  similar  to  those  of  Ystrad  Meurig,  only  less  arena- 

ceous;  and  I  include  them  all  under  the  name  of  "Strata  Florida 

rock." Now,  classifying  these  various  localities  of  the  Strata  Florida  rock, 
we  find  they  fall  into  a  set  of  definite  lines  having  similar  relations 
to  neighbouring  rock-beds,  and  indicating,  as  I  believe,  definite 
zones.  First,  the  more  arenaceous  rock  of  Ystrad  Meurig  is  in  the 
same  north-and-south  line  with  Cwm  Symlog  and  with  Llantrisant ; 
and  in  the  first  two  of  these  places  it  is  in  near  relation  with  a  rich 
fossil  zone.  Also  it  is  about  in  the  same  line  with  the  Large-flag 

series,  as  seen  in  the  Devil's -Bridge  road,  nine  miles  east  of  Aberyst- 
wyth, also  found  at  Llantrisant  and  Cwm  Symlog.  In  these  places 

we  have,  then,  evidence  of  the  occurrence  of  this  hard  pale  slate  rock 
along  a  definite  line  of  country  in  near  association  with  the  Grap- 
tolite  fossil-zone  and  the  Large-flag  series.  Next  we  find  that  the 
group  b  also  falls  into  a  line  east  of  Aberystwyth ;  and  here,  again, 
it  is  associated  with  the  great  fossil  zone  at  Machynlleth,  while  near 
Tal  y  bont  it  is  connected  with  a  band  of  rottenstone  like  that  of 

the  Large-flag  series  at  the  Devil's  Bridge. 
Altogether,  then,  the  result  of  these  lithological  correlations  is  to 

support  our  theory  of  four  different  lines  of  north-and-south  foldings 
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between  Aberystwyth  and  Plynlimmon — namely,  (1)  the  principal 
axis  of  Aberystwyth,  (2)  the  principal  axis  of  Plynlimmon,  and  (3) 
the  two  minor  axes  running  (a)  from  Tstrad  Meurig  through  Llan- 
trisant  and  Cwm  Symlog,  and  (b)  along  the  gorge  of  the  liheidol 

about  Pont  Erwyd  and  the  Devil's  Bridge.  The  further  northward 
extension  of  (a)  is  probably  indicated  by  the  grits  of  Yr  Carreg  and 
lloel  y  Llyn.  These  minor  folds  have  not  been  recognized  further 
south ;  and,  indeed,  we  might  expect  them  to  disappear  as  the  lateral 
spread  of  the  beds  becomes  restricted. 

At  Lampeter  the  well-known  olive  shales  and  grits  with  Nereites 
&c.  are  exposed  in  quarries.  The  grits  are  in  thin  beds  (2-4  inches), 
hard  and  laminated,  with  partings  of  shale  either  light  (olive)  or 
dark  in  colour ;  no  cleavage  is  seen.    The  fossils  are : — 

!N"ereites  Sedgwickii,  Murch.  Neniertites  Olivantii,  Murch.  ■  canibrensis,  Murch.  Palaeockorda  tardifurcata,  Keep. 
Myrianites  M'Leayi,  Murch.  Retiofucus  extensus,  Keep. 

also  other  worm-like  and  algoid  markings.  Altogether  this  is  a 
pretty  typical  metalliferous  slate,  though  more  arenaceous  than  is 
common. 

Fig.  3. — Railway-cutting  between  Traws  Coed  and  Caradoc 
Waterfall,  1877. 

Contortions. — The  woodcut  (fig.  3),  representing  a  railway-cutting 
east  of  Traws  Coed,  illustrates  some  of  the  frequent  and  sharp  contor- 

tions of  this  series.  All  the  perceptible  foldings,  however,  numerous 
and  striking  as  they  are,  are  far  from  adequately  showing  the  real 
complexity  of  the  infinite  twistings  and  inversions  of  this  series,  the 
existence  of  which  is  proved  principally  by  considerations  from  the 
fossil  evidences.  Without  fossil  evidences  it  is,  as  a  rule,  impossible 
to  detect  inversions ;  but  still,  in  those  places  where  grits  with 
fucoidal  markings  &c.  occur,  we  have  another  key  to  the  true  rela- 

tions of  the  rocks — namely,  in  observing  the  positions  of  the  curious 
prominences  upon  the  surface  of  the  grit,  these  being  normally 
always  upon  the  under  surfaces ;  but  where  the  beds  are  inverted 
(as  at  IForben,  Machynlleth,  &c.)  they  are  found  upon  the  upper  sur- 

faces, the  true  worm-trails  (Nereites  &e.)  being  in  this  case  impressed 
upon  the  under  surfaces,  in  inverted  position. 

These  inversions  explain  away  in  great  degree  the  enormous 
apparent  thickness  (miles  of  strata)  of  this  series ;  but  a  very  great 
vertical  series  still  remains  well  attested  in  actual  steep  and  preci- 
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pitous  mountain-sides,  from  500-1000  feet  high,  and  I  cannot  esti- 
mate the  group  at  less  than  2000  feet. 

Fossils  are  almost  entirety  wanting  in  this  series,  except,  I  be- 
lieve, near  the  base,  where  I  would  place  the  rich  beds  of  the 

Morben  Quarry,  Machynlleth,  and  Cwm  Symlog.  The  fauna  is 
intimately  related  to  that  of  the  Aberystwyth  group,  as  indeed  was 
to  be  expected ;  for  the  fossils  of  this  latter  group  occur  in  its  higher 
part,  not  far  removed,  in  serial  order,  from  the  Metalliferous-slate 
fossil-zone. 

The  worm-like  and  fucoidal  markings,  Nereites,  the  Pan  Algal, 
and  the  Nematolites  are  widely  distributed  throughout  the  series, 
worm- trails  being  very  characteristic. 

Other  fossil  localities  are  : — 
Llantrisant,  with  the  large  Pan  Algal  (Buthotrephis  major)  and 

Nematolites  tubularis,  Keep. ;  the  Llyfnant  valley,  with  Climaco- 
grapsus scalaris,  His. ;  Dynryn  Castell,  with  Climacograpsus  scalaris, 

worm-tubes,  and  the  Nematolites,  also  some  of  the  shells  recorded 
by  Sedgwick ;  and  Steddfa  Ghirig  (west  of),  with  Monograptus  Sedge- 
wicTcii,  Portl.,  M.  tenuis,  Portl.  ?,  Climacograpsus  scalaris,  His.,  and 
Ortlioceras.  Above  Taliessin,  fragments  of  dendroid  Graptolites  and 
Nematolites  tubularis  occur ;  and  the  latter  is  also  found  at  Llantri- 

sant, Ty  Llwydd,  on  the  Eheidol,  and  elsewhere. 
Richer  localities  are : — 

West  of  Lisburne  Mine,  Ystwyth  Valley. 
Pastrites  ?  Climacograpsus  scalaris,  His. 
Monograptus  Sedgewickii,  Portl.  Nereites  Sedgwickii,  Murch. 

 spiralis,  Gein.  Buthotrephis. 
 lobiferus,  M'Coy, 

Garthen  Valley,  Melin  Newydd. 

Monograptus  Sedgewickii,  Portl.  j        Orthoceras,  sp. 
Climacograpsus  scalaris,  His. 

The  numerous  metalliferous  veins  (lead  and  silver)  in  the  rich 
mining- districts  of  Cardiganshire  are  almost  confined  to  this  set  of 
beds ;  hence  the  name  here  given  it. 

3.  The  Plynlimmon  Group. — As  we  ascend  the  mountain-slopes 
along  the  valley  of  the  Eheidol,  above  Pont  Erwyd,  we  meet  with 
the  rocks  of  the  upper  grit  series,  which  form  the  upper  part  of  the 
Plynlimmon  mountain.  Around  Garn  Pach  some  of  the  grit-beds 
are  seen,  of  rather  coarse  type,  sometimes  assuming  a  very  grani- 

toid aspect,  there  being  a  profusion  of  felspar  crystals  and  large 
blebby  quartz  grains.  The  felspar  crystals  may  be  of  large  size  ;  and 
some  of  them  are  perfectly  preserved  and  glassy.  Doubtless  the 
rock  is  the  direct  result  of  the  degradation  of  an  ancient  acidic 
igneous  rock. 

Conglomerate  beds,  consisting  of  pebbles  of  white  quartzite  and 
vein  quartz  in  a  grit  matrix,  are  also  met  with ;  but  they  are  few. 
The  group  here  is  still,  in  the  main,  a  slate  series,  some  of  the  slate 

being  pale  and  papery,  of  the  "pale-slate  type."    Iron  pyrites  is 
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common  in  both  grits  and  slates.  The  main  dip  is  decidedly 
easterly. 

Mounting  the  higher  ground  above  Nant  y  Moch  the  grits  become 
more  conspicuous,  forming  a  terraced  structure  by  their  outcrops 
around  the  hill ;  and  near  the  summit  a  rugged  stcplike  structure  is 
produced  by  the  regularly  bedded  fine-grained  grit  series.  The 
finest  exposure  of  these  Plynlimmon  grits  is  in  the  magnificent  pre- 

cipices fronting  the  Eheidol  lake  (Llyn  Llygad  Eheidol),  where 
many  of  the  beds  are  very  thick  (7-10  feet)  and  of  moderately 
coarse  grain.  A  particular  feature  in  them  is  their  regular  columnar 
jointing;  this  is  quite  as  regular  as  in  many  columnar  felsites, 
numerous  columns,  7  feet  long,  being  seen  running  right  across  the 
beds.  Conglomerates  are  uncommon ;  but  some  three  or  four  beds 

of  beautiful  1  1  pudding  stone,"  with  white  quartz  pebbles  in  a  f  el- 
spathic  sandstone  matrix,  are  seen  upon  the  western  slope  of  the 
mountain. 

Coarser  beds  of  this  group  are  probably  indicated  by  a  large 
boulder  upon  the  hill-top  above  Gogerddan  House,  near  Aberystwyth, 
which  has  pebbles  as  big  as  cannon-balls. 

These  grits  form  a  crescent  zone  from  north  of  Plynlimmon 
through  the  high  ground  of  Hid  Wales,  running  east  of  Tregaron 
and  east  of  Lampeter;  but  they  die  out  beyond  this  to  the  south. 

They  constitute  the  genuine  backbone  of  South  Wales,  lying  in  a' synclinal.  The  highest  beds  form  the  upper  ground  of  Plynlimmon 
itself.  In  the  Teifi  area  the  beds  are  remarkable  for  being  coarsely 
cleaved  into  large  tiles  about  ̂   inch  to  1  inch  thick,  a  structure 
which  graduates  into  jointing  on  the  one  hand  and  true  slaty 
cleavage  on  the  other.  Similar  cleaved  grits  occur  around  Llyn 
Fyrddyn  and  on  the  hills  east  of  Lampeter,  all  of  which  I  would 
place  on  the  same  horizon.  There  is,  however,  some  doubt  in  my 
mind  as  to  the  exact  position  of  this  horizon  in  the  geological 
series. 

Foldings. — As  a  group,  the  Plynlimmon  grits  are  characterized, 
not  by  violent  contortions  or  sharp  bendings  with  fracture,  but  by 
broad  and  gentle  foldings.  These  are  beautifully  seen  around  the 
Teifi  lakelets  and  Llynodd  Ieuan ;  also  at  Llyn  Fyrddyn  Each  and 
Llyn  Fyrddyn  Fawr,  and  Llyn  Pugeilyn,  where  the  ridges  and  minor 
hog-backs  of  the  surface  correspond  with  the  structural  anticlinal 
and  periclinal  foldings  of  the  rocks  with  great  regularity  and 
clearness. 

Amongst  the  rock-varieties  we  may  notice  blue  shaly  slates,  blue 
slates  in  6-inch  beds,  cleaved  into  oblong  flags  about  h  inch  thick 
(Llynodd  Ieuan),  and  arenaceous  mudstone,  broken  up  into  coarse 
rab,  the  fragments  measuring  1-3  feet  x  3  inches  x  1  inch,  also 
smaller  rab. 

The  lithological  differences  between  this  series  and  the  Aberyst- 
wyth group  are  the  greater  thickness  of  the  grit  beds,  the  presence 

of  quartz  conglomerates,  and  the  rarity  of  curious  rock-surfaces  and 
fucoidal  markings.    The  slates  also  are,  as  a  whole,  of  paler  type. 

Fossils  have  not  been  discovered  in  the  grit  series  of  the  Plyn- 
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limmon  mountain ;  but  large  boulders  of  coarse  conglomerate  upon 
Gogerddan  Hill^  Aberystwyth,  which  surely  came  originally  from 
this  mountain,  contain  casts  of  various  fossils,  of  which  I  can  men- 

tion crinoid  ossicles,  Nebidipora?,  Petraia,  a  large  cup  coral,  and 
Meristella . 

The  thickness  of  this  group  must  also  be  very  great ;  for  Plyn- 
limmon  rises  some  1500  feet  above  Garn  Fach,  the  level  where  the 
Plynlimmon  grits  first  appear.  A  thousand  feet  is  probably  an 
under-estimate. 

Part  II.  Brief  Notes  upon  oilier  Sections. 

(1)  From  Aberystwyth  through  Pont  Erwyd  to  near  Builth  (fig.  4). — 
Prom  Aberstwyth  to  Pont  Erwyd  the  section  is  similar  to  that  from 

Aberystwyth  to  the  Devil's  Bridge ;  but  the  western  dips  are  more 
important  towards  Pont  Erwyd,  so  that  the  inversions  required  are 
here  smaller  or  less  numerous.  Beyond  Pont  Erwyd  is  a  great  slate 
and  shale  series  running  for  many  miles,  nearly  to  Ehyader,  and 
forming  by  the  apparent  dips  an  important  synclinal  under  the  highest 
ground  south  of  Plynlimmon.  Eossils  occur  at  Pont  Erwyd  and 
Dyffryn  Castell,  also  near  Ehyader.  The  hard  pale-slate  series  comes 
in  at  Goginan  and  east  of  Pont  Erwyd,  and  there  is  a  similar  rock 
west  of  Ehyader ;  but  the  Plynlimmon  grits  do  not  actually  appear 
as  such,  unless  the  grits  of  Llynodd  leuan  belong  here ;  they  are, 
however,  well  developed  in  the  mass  of  Plynlimmon  farther  north. 
Some  of  the  paler  slate  along  our  line  of  section  may  represent  this 
series.  Grit  beds  similar  to  those  of  the  Aberystwyth  group  are 

found  in  two  places  near  the  '  Glansevern  Arms,'  and  again  further 
on  east  of  Langwrig.  They  are  to  be  regarded  as  special  local  de- 

velopments in  the  Metalliferous  Slates.  Other  grits  and  conglomerates 
seen  at  Gwastaden  are  probably  the  representatives  of  the  Plyn- 

limmon grits. 
(2)  Section  from  Llandeilo  to  Aberaeron. — Three  principal  grit- 

areas  are  met  with  in  the  line  of  this  section — namely,  at  Talieris 
(west  of  Landeilo),  east  of  Lampeter,  and  at  Aberaeron.  The  Talieris 
conglomerate  beds  are  surmounted  by  dark  shales  and  shaly  slates 
of  the  Metalliferous  types  ;  and  beds  of  the  Ehyader  pale-slate  type 
next  underlie  the  grits  of  the  country  east  of  Lampeter.  By  an 
exceptional  appearance  the  Metalliferous  slates  of  the  west  seem  to 
underlie  the  Aberaeron  grits.  No  pale  slates  are  seen  beneath  the 
Talieris  conglomerate  beds.  The  principal  axial  fold  in  the  section 
seems  to  be  a  synclinal  in  the  Teifi  valley  by  Lampeter — the 
mountains  to  the  east  and  west  of  this  being  (that  is,  if  the  rock- 
dips  have  any  truth  in  them)  great  anticlinals  in  the  Metalliferous  - 
slate  and  Ehyader  Pale -slate  series.  The  beds  of  grit  and  con- 

glomerate at  Talieris  are  not  of  the  nature  of  basement  beds  of  a 
stratigraphical  group,  but  indicate  nothing  more  than  such  slight 
physical  variations  as  a  shallowing  of  the  sea-bed  or  a  change  in  the 
direction  of  the  currents,  resulting  in  the  formation  of  sand  and 
pebble  banks  ;  for  the  pebbles  are  not  fragments  of  the  underlying 
rocks,  and  there  is  no  trace  of  any  physical  break  or  even  change  of 
lithological  character  above  and  below  them, 
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(3)  ffliyader  to  the  Teifi  Pools 
(fig.  5). — In  this  section  three 
main  folds  are  indicated,  namely  a 
central  anticlinal  fold  at  Disgwylf a 
in  the  Ehyader  pale  slates,  with  a 
synclinal  on  its  east  and  west. 
The  former  is  a  comparatively 
simple  basin  of  pale  slates  beneath 
the  grits  and  conglomerates  of 
Cwm  Elan  and  Gwastaden;  the 
latter,  corresponding  with  the 
Plynlimmon  synclinal,  is  a  much 
more  complicated  structure,  pro- 

bably much  affected  by  reversals. 
General  Result  of  the  East  and 

West  Traverses  (see  fig.  6). — The 
sections  just  indicated  show  that 
the  great  area  of  Mid  Wales  is 
made  up  of  a  thick  series  of  im- 

perfect slates,  pale  slates,  shales 
and  grits,  having  a  general  re- 

semblance and  intimate  connexion 
throughout,  as  of  one  continuous 
group,  but  divisible  into  the  sub- 

groups indicated  in  the  beginning 
of  this  paper. 

These  rocks  form  one  great  pri- 
mary synclinal  extending  from  the 

Aberystwyth  axis  to  the  east  of 
Ehyader,  and  from  the  west  of 
Llandeilo  to  Aberaeron.    For  in 
the  west  of  Cardiganshire  we  find 
a  great  and  continuous  course  of 
easterly  dips  running  inwards  from 
the  coast ;  and  in  the  eastern  half 
of  the  area,  in  Eadnorshire  and 
Carmarthenshire,  is  a  correspond- 

ing grand  set  of  westerly  dips. 
Subordinate  but  still  very  great 
anticlinal  folds  along  north  and 
south  axes  bring  up  on  the  east 
the  Metalliferous  slates  between 
Plynlimmon  and  Ehyader,  and  on 
the  west  the  upper  part  of  the 
Aberystwyth  grits,  in  the  line  of 
Pont  Erwyd    and    the  Devil's 
Bridge.     Another,  smaller  fold 
with  the  same  result  as  the  last, 
runs  from  Ystrad  Meurig  north- 

wards towards  Machynlleth,  thus 
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greatly  swelling  out  the  surface-area  of  the  Metalliferous-slate 
series. 

Minor  foldings,  also  with  north-and-south  axes  are  infinitely 
abundant  over  the  whole  district,  with  frequent  inversions  which 
obscure  the  original  order  of  the  rock-beds. 

Included  in  these  foldings  are  four  principal  crescent  zones  of 
grit,  greywacke,  and  conglomerate,  namely : — 1st,  the  western  or 
Aberystwyth  grits;  2nd,  the  eastern  grits — an  imperfect  line  of 
grits  seen  at  Talieris,  west  of  Llandeilo,  and  perhaps  continued  in 
other  grits  East  of  Gwastaden.  These  I  regard  as  the  diminutive 
representatives  of  the  Aberystwyth  grits.  3rd.  The  Plynlimmon 
grits  and  conglomerates,  with  much  associated  pale  slate ;  and 
4th,  the  grits  and  conglomerates  of  Cwm  Elan  and  Gwastaden,  which 
are  also  associated  with,  and,  indeed,  included  in,  a  great  pale-slate 
group,  the  Ehyader  pale  slates.  The  last  two  are  upon  the  same 
stratigraphical  parallel,  occupying  synclinals.  These  grits  I  do  not 
regard  as  necessarily  holding  exactly  the  same  horizon  over  wide 
areas,  they  having  been  probably  shingle  banks  over  the  old 
sea-bottom.  The  pale  slates  seen  in  so  many  sections  appear 
to  belong  to  two  principal  horizons — (a)  the  lower  or  Strata  Elorida 
pale  slates  in  the  lower  part  of  the  Metalliferous-slate  group,  and 
(b)  the  Ehyader  pale  slates,  associated  with  the  Cwm  Elan,  Gwastaden, 
and  Plynlimmon  grits. 

More  distant  Sections  (see  Table  of  Vertical  Sections,  p.  16-1). 
In  order  to  work  out  the  relations  of  these  rocks  to  the  other 

lower  palaeozoic  groups,  I  have  visited  various  districts  where  the 
Cardiganshire  series  might  be  studied  in  association  with  rocks  of 
some  definite  and  decided  horizon — namely,  amongst  other  places, 
Llanbrynmaer,  Dinas  Mowddwy,  Cardigan,  X.  Wales,  &c. 

In  the  Llanbrynmaer  area  we  find  (1)  an  upper  series  of  grey 
grit  and  greywacke,  often  very  felspathic  and  micaceous,  cleaved, 
and  with  fragments  of  fossils  (the  Denbighshire  grits).  These  pass 
down  by  gradual  transition  into  (2)  a  series  of  pale  blue  and  green, 
grey  and  purple  shales,  with  some  darker  shale,  rab,  and  green  grits, 
which  make  up  the  true  Tarannon  shales ;  some  obscure  fragments 
of  Graptolites  have  been  found  here.  Again,  there  is  no  break,  but 
a  simple  passage  between  this  series  and  (3)  the  lower  series  of 
grits,  greywacke,  and  dark  shales  which  belong  to  the  Cardiganshire 
type,  and  contain  the  fossils  of  our  Metalliferous  group.  To  the 
west  of  the  Tarannon  plateau  we  find  the  Metalliferous  slates  fully 
developed  in  the  Pennant  valley,  with  the  characteristic  fossil  species, 
and  the  usual  associated  lead-mines  of  that  group. 

The  whole  character  of  this  Metalliferous  slate  is  different  from 
that  of  the  Tarannon  shale ;  and  our  evidence  points  uniformly  and 
decisively  to  the  Metalliferous  slate  being  a  more  ancient  series,  the 
two  groups  being  separated  in  this  area  by  a  zone  of  grits.  The 
Plynlimmon  grits  and  associated  pale  slates,  as  seen  in.  Plynlimmon 
and  around  Ehyader,  appear  to  be  wanting  in  this  area,  there  being- 
no  well-developed  grit  series  between  the  Llandovery  group  and  the 
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Denbighshire  grits.  We  shall  find  reason  to  believe  that  they  are. 
represented,  feebly  it  is  true,  by  the  thin  grit-beds  above  described 
in  the  Tarannon  shale. 

The  Dovey  Valley  :  Section  across  the  valley  near  Llany  Mowddwy 
(fig.  7). — This  section  gives,  in  a  narrow  area  (measuring  less 
than  2  miles  across),  the  complete  series  from  the  Lower  Eala  slates 
to  the  Denbighshire  grits.  The  Denbighshire  grits  pass  down  into 
the  Tarannon  shales,  which  are  pale-slate  rocks  resembling  the 
E-hyader  pale  slates.  There  is,  again,  no  break  between  these  and 
the  series  of  greywackes  and  dark  shales  and  slates  beneath.  This 
latter  group  (which  is  in  part  the  Lower  Llandovery  of  the  Survey) 
agrees  both  in  its  lithological  characters  and  in  its  fossils,  so  far  as 
known,  with  the  Aberystwyth  grits. 

There  is  no  distinct  basement  bed  of  conglomerate  or  grit  to  this 
series,  such  as  might  indicate  the  existence  of  an  important  strati- 
graphical  break  ;  but,  on  the  contrary,  there  is  every  appearance  of 
a  passage  from  the  underlying  great  slate  group  up  into  the  true 
Silurian  series.  This  great  slate  group  corresponds  in  its  general 
lithological  characters  and  its  "  cone-in-cone "  nodules  with  our 
Metalliferous  slates ;  but  I  have  not  detected  any  pale  slate  in  them. 
In  the  absence  of  fossils,  it  is  not  possible  to  determine  their  exact 
age  ;  but  they  should  probably  be  regarded  as  belonging  for  the  most 
part  to  the  Upper  Bala  slate  group.  I  should,  however,  expect 
some  of  its  upper  beds  to  be  the  representatives  of  our  Cardiganshire 
Group,  the  lower  part  (Upper  Bala)  corresponding  with  much  of  the 
slate  group  between  Cardigan  and  Llangrannog,  about  to  be  de- 
scribed. 

It  is  further  noteworthy  that  in  this  line  of  section,  as  in  the 
Cardiganshire  Group,  the  newer  rocks  are  much  better  cleaved,  and 
appear  altogether  more  highly  metamorphosed  than  the  more  ancient 
rocks  to  the  west. 

Corris  Area. — The  great  slate  district  of  Corris,  usually  referred 
to  the  Llandeilo  age,  belongs  to  our  Metalliferous -slate  group,  as  is 
proved  by  the  following  fossils  from  Corris  and  Taren  y  Gesail : — 

Monograptu3  Sedgewickii,  PortL? 
 tenuis,  Portl.? 

Climacograpsus  scalaris,  His. 
Ortkoceras,   sp.  (same  as  the  Cefn- Hendre  shell). 

The  Cardigan  District. — The  pale  felspathic  grits  and  black  slates 
of  Newport  Bay  and  Cardigan,  hitherto  placed  in  the  Lower  Llan- 

dovery series  "  b  4"  are  not  of  this  age,  but  belong  to  the  Middle  Bala 
or  Caradoc  Group  ;  as  to  this  the  fossil  evidence  is  conclusive.  Above 
these  come  rolling  beds  of  pale  slates  and  shales,  then  darker  shaly 
slates,  with  a  zone  of  pale  felspathic  grits ;  these  also  I  refer  to 
the  Bala  period.  The  overlying  shaly  slates  and  rab  are  passage- 
beds  of  Caradoc-Llandovery  age,  presenting  the  gradual  incoming 
of  the  Aberystwyth  grits. 

Eeviewing  the  several  rock-groups  and  their  distribution ,  we  find : — 
(A)  The  Plynlimmon  grits,  seen  upon  Plynlimmon  and  around 

Rhyader,  also  probably  in  the  hills  west  of  Tregaron  and  Lampeter  j 
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but  they  die  out  to  the  north  and  south  of  these  localities.  No 
fossils  have  yet  been  detected  in  this  series  in  Cardiganshire,  except, 
perhaps,  in  the  boulder-block  at  Gogerddan,  near  Aberystwyth. 
Stratigraphically  they  lie  above  the  Metalliferous  slates ;  and  these 

latter  are  proved,  in  the  Llanbr}'nmaer,  Dovey,  and  other  areas,  to 
be  inferior  to  the  Tarannon  shales.  Therefore,  with  reference  to  the 
Noedd  Grug  section,  they  must  either  represent  the  uppermost  part 
of  the  Llandovery  rocks  or  a  special  gritty  development  in  the  Taran- 

non shales.  I  adopt  the  latter  view  for  the  following  reasons  : — 
because  of  (1)  their  dissimilarity  to  the  grits  (Llandovery  grits) 
which  underlie  the  Tarannon  shales  at  Llanbrynmaer,  Llan  y 
Mowddwy,  and  elsewhere  ;  (2)  their  association  with  pale  slate  rocks 
similar  to  the  Tarannon  shales  of  the  Corwen  area ;  and  (3)  the  oc- 

currence of  such  a  group  of  rocks,  the  Gala  grits*,  in  this  position 
in  the  south  of  Scotland.  Moreover,  in  the  Tarannon  district  the 
first  appearance  of  such  a  development  of  grits  in  the  Tarannon 
shale  is  already  seen  in  the  numerous  thin  grits,  with  contorted 
structure,  of  Tarannon  Hill,  Llanbrynmaer.  The  Ehyader  pale 
slates  thus  appear  also  to  belong  to  the  true  pale  slate  or  Tarannon- 
shale  series. 

(B)  The  Metalliferous  slates,  which  are  enormously  developed, 

spreading  over  a  very  wide  area  of  Mid  "Wales.  They  maintain  one general  lithological  character  of  hard,  pale,  shaly  slates,  also  containing 
a  zone  of  pale  slates.    The  group  is  generally  plumbiferous. 

(C)  The  Aberystwyth  grits  may  be  taken  as  an  arenaceous  de- 
velopment of  the  Metalliferous  slates,  in  its  lower  part.  Like  the 

Plynlimmon  grits  they  die  out  to  the  north  and  south,  their  southerly 
attenuation  being  well  exhibited  around  Llangrannog.  They  dip 
persistently  under  the  Metalliferous  slates ;  and  the  truth  of  this  dip 
is  proved  by  the  position  of  the  contorted  raised  structures  upon  the 
under  surfaces  of  the  grits  f . 

In  the  Dovey  valley  the  Aberystwyth  Grits  are  represented  by 
gritty  beds  of  a  similar  character ;  but  here  they  appear  to  belong 
to  a  slightly  different  horizon,  namely  to  the  upper  part  of  the 
Metalliferous  slates  ;  and  the  same  is  true  of  the  grits  exposed  in 
the  deep  Talerddig  cutting,  Llanbrynmaer.  The  grits  and  conglome- 

rates of  Talieris,  west  of  Llandeilo,  very  probably  belong  to  the 
horizon  of  the  Aberystwyth  beds.  In  the  Noedd-Grug  section  these 
beds,  together  with  the  Metalliferous  slate,  are  represented  by  the 
Llandovery  group  of  the  Geological  Survey,  probably  the  Upper  and 
part  of  the  Lower  Llandovery  ;  but  from  the  fossil  evidence  we  can- 

not recognize  the  lowest  part  of  the  Llandovery  Group  (Lower  Eirk- 
hill)  in  Central  or  West  Cardiganshire.  Part  of  the  lower  set  of 
slates  beneath  the  grits,  described  in  the  Cardigan  and  Dovey  areas, 

*  Mr.  Lapworth,  F.G.S.,  writes  me  that  "  all  the  palreontological  affinities of  the  Gala  beds  are  with  the  Tarannon  shales,  with  which,  and  not  with  the 

Upper  Birkhill  beds,  they  must  eventually  be  connected." 
t  I  have  confirmed  this  test  by  examining  the  beds  of  Lingula-flags,  Trema- 

doc  and  Bala  rocks  of  South  Wales,  where  these  curious  worm-like,  fucoidal, 
and  irregular  prominences  are  found  uniformly  upon  the  under  surfaces  of  the 

grits. 
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probably  belong  here  and  complete  the  series  ;  for  we  have  seen  there 
is  no  break  of  continuity  down  into  the  Bala  formation. 

Part  III.  Palceontological  Evidence. 

Although  the  order  of  succession  of  the  forms  of  life  have  in  all 
cases  been  first  determined  from  the  results  of  stratigraphical  re- 

search, yet,  that  order  once  established,  the  organic  remains,  as 
considered  in  groups,  become  the  supreme  test  of  the  age  and  rela- 

tive order  of  rock-masses — superseding,  and  in  some  cases  actually 
overthrowing,  the  apparent  evidence  of  succession  in  the  rock-beds. 
Such  we  find  to  be  the  case  over  a  large  area  of  Cardiganshire, 

where,  as  in  the  section  from  Aberystwyth  to  the  Devil's  Bridge,  the 
stratigraphical  series,  seeming  to  be  continuously  ascending  through 
some  three  or  four  miles  of  thickness  to  higher  and  higher  beds, 
is  proved  by  a  handful  of  Graptolites  to  be  radically  misleading ; 
for,  the  fossils  being  identical  at  almost  the  extreme  ends  of  the 
section,  the  true  reading  is  shown  to  be  a  series  of  inversions,  by 
which  the  original  order  of  the  beds  is  obscured.  Thus,  over  a  large 
part  of  Mid  Wales,  it  is  to  the  organic  remains  alone  that  we  can 
look  with  confidence  for  unravelling  the  apparently  inextricable,  and 
often  delusive,  tanglement  of  the  strata,  and  establishing  their  true 
succession. 

The  most  important  element  in  our  palsBontological  evidence  is 
the  group  of  Graptolites,  these  fossils  having  now  become,  through 
the  most  successful  work  of  Mr.  C.  Lapworth,  F.G.S.,  of  the  highest 
value  in  Cambrian  and  Silurian  geology.  All  my  work  in  this 
branch  of  study  is  based  upon  the  published  results  of  that  geologist ; 
and  I  am  also  particularly  indebted  to  him  for  examining  many  of 
my  Graptolites,  as  indicated  in  the  Table  (p.  170),  and  for  valu- 

able notes  upon  them  conveyed  to  me  in  letters,  from  which  I  have 
quoted  below. 

A  study  of  the  Table  brings  out  a  number  of  important  facts. 
At  the  first  glance  it  is  clear  that  all  our  fossil  lists  exhibit 
one  and  the  same  general  geological  fauna.  Our  richest  localities 
are  Cwm  Symlog  (eight  or  nine  miles  east  of  Aberystwyth)  and 
Morben  (near  Machynlleth),  also  Cefn  Hendre,  Cwm,  and  Bryn  y 
Carnau-(in  the  neighbourhood  of  Aberystwyth).  A  single  one  of  these 
localities  (Cwm  Symlog)  yields  every  species,  except  four,  of  the 
true  Graptolites  known  in  Cardiganshire ;  and  this,  together  with 
the  intimately  allied  fauna  of  Morben  Quarry,  includes  all  our  spe- 

cies except  one  (Monogrcvptus  turrieulatus). 
The  other  forms  of  life  show  no  less  clearly  the  unity  of  our 

fossiliferous  Cardiganshire  rocks.  The  Ortlioceras  is  wide-spread 
in  the  Metalliferous  Slates,  and  occurs  also  amidst  the  Greywacke- 
Elags  of  Cefn  Hendre ;  and  the  various  forms  of  Alga3  and  worm- 
trails  are  also  characteristic  of  the  whole  range  of  the  Cardiganshire 
group. 

For  the  typical  area  of  reference  for  Graptolitic  deposits  we  must 
unquestionably  look  to  the  rich  beds  in  the  south  of  Scotland,  of 

Llandeilo  to  "Wenlock  age,  which  have  been  so  thoroughly  worked Q.  J.  G.  S.  No.  146.  x 
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out  by  Mr.  Lapworth.  And  here  the  reading  is  decisive  :  our  Cardi- 
ganshire series  belongs  not  to  the  Glenkiln  (Llandeilo)  or  the  Hartfell 

(Bala)  periods, when  the  Didymograpti  and  Diplograpti  nourished,  but 
to  that  part  of  the  newer  or  Silurian  era  when  the  Monograptidse 
were  predominant,  and  in  their  greatest  development,  namely  the 
Llandovery  period  (Birkhill  Shales). 

The  more  detailed  affinities  of  our  fauna  will  appear  by  a  study 

of  the  last  five  columns  of  the  "  Table  of  Distribution."  Every  one 
of  our  species  of  true  Graptolitidse  (excluding  the  Cladophora)  occurs 
in  the  Upper  Birkhill  beds  of  Scotland.  Eight  species  are  common 
to  the  Lower  Birkhill  Shales,  and  nine  (as  also  two  species  of  Cla- 

dophora) to  the  overlying  Gala  and  Tarannon  groups. 
Of  the  fossils  of  the  two  principal  Graptolitic  localities,  Cwm 

Symlog  and  Morben,  Mr. Lapworth  writes  that  they  "lie  within  the 
same  general  Graptolitic  zone."  ..."  Of  the  nine  species  recognized 
in  the  slates  of  Morben,  five  (namely  Rastrites  maximus,  Carr., 
Monograptus  spinigerus,  Mch.,  M.  distans,  Portl.,  M.  Hisingeri, 
Carr.,  and  Dvplograpsus  Hughesii,  ISi  ich.)  make  their  first  appearanco 
in  the  Upper  Birkhill  Shales  of  S.  Scotland.  Rastrites  maocimus  is- 
confined  to  the  highest  zone  of  that  formation,  in  the  Moffat  area, 
and,  together  with  its  common  associate,  Dipl.  Hughesii,  seems  to 
have  become  extinct  before  the  deposition  of  the  overlying  beds  of 
the  Gala  group. 

"  The  second  fossil  locality  (Cwm  Symlog)  is  even  more  strikingly 
marked  by  its  Upper  Birkhill  Graptolites.  Sixteen  forms  have  been 
identified  from  this  spot.  Of  these,  seven  species  (viz.  Monographs 
crenidaris,  Lapw.,  M.  intermedins,  Carr.,  M.  Cling  ani,  Carr.,  M. 
runcinatus,  Lapw.,  M.  Hisingeri,  Carr.,  Dipl.  Hughesii,  Mch.,  and 
D.  sinuatus,  Nich.)  are  forms  which  are  known  for  the  first  time  in 
the  Upper  Birkhill  of  S.  Scotland,  and  its  equivalents  in  Girvan, 
Ireland,  and  the  north  of  England.  M.  intermedins,  M.  runcinatus, 
and  M.  crenidaris  are  peculiar  to  the  Upper  Birkhill,  as  also  is  M.. 
Clinqani,  which  is  confined  to  a  small  seam  in  the  very  centre  of  the 
Birkhill  beds." 

Of  the  nine  species  of  true  Graptolites  common  to  our  Mid-Wales 
rocks  and  the  Gala  and  Tarannon,  not  one  is  a  special  Tarannon 
form.  Monograptus  turricidatus,  however,  is  most  frequent  in  those 
beds ;  and  the  two  species  of  Cladophora  Dictyonema  venustum, 
Lapw.,  and  Rhizograptus  ramosus,  Lapw.,  are  only  known,  else- 

where, in  the  Gala  group  (Scotland). 
Erom  the  fossil  evidence,  therefore,  there  can  be  no  hesitation  in 

referring  our  Mid-Wales  rocks  to  the  same  age  as  the  Upper  Birk- 
hill of  Scotland;  and  beyond  the  occurrence  of  the  three  species 

just  mentioned  in  the  rocks  of  the  Devil's  Bridge,  there  is  nothing 
that  conveys  the  slightest  hint  that  any  of  our  strata  are  newer  than 
Upper  Birkhill. 

Lake  District. — Eifteen  of  the  Mid- Wales  Graptolites  are  known 
from  the  Coniston  or  Graptolitic  Mudstones  of  the  Lake  District ;  so 

that,  in  Mr.  Lap  worth's  words,  "  the  general  facies  of  this  Mid- 
Wales  fauna  is  distinctly  that  of  the  Coniston  Mudstones."  These 
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species  are  nearly  equally  distributed  in  the  two  zones  (tenuis-  and 
argenteus-zonea)  of  that  area.  Also,  amongst  the  other  fossils,  Mr. 
Marr  recognizes  the  fragment  (tail)  of  a  Phacops,  found  by  him  at 
the  Devil's  Bridge,  as  a  new  species  also  occurring  in  the  "  Mud- 
stones  "  of  the  Lake  District. 

Lithologically  we  find  some  of  the  Graptolite-bearing  beds  not 
unlike  part  of  the  Coniston  Mudstone  series;  and  some  paler 
shales  aud  slates,  associated  with  the  Graptolite  beds  at  Moreen, 
Machynlleth,  and  occurring  again  at  Cwm  Syrnlog,  have  their  repre- 

sentatives also  in  the  same  series.  Still,  regarding  them  as  a  whole, 
our  Cardiganshire  rocks  decidedly  do  not  resemble  their  representa- 

tives in  the  English  lake  country. 

"We  have  seen  that  our  various  fossil  lists  indicate  that  all  the 
fossiliferous  beds  belong  to  one  general  horizon.  Certain  minor 
differences,  however,  are  to  be  observed,  of  which  the  most  important 
are  the  presence  of  Mo nograptus  turriculatus  at  Cefn  Hendre  and  the 

Devil's  Bridge,  and  the  species  of  Cladograpti  of  the  latter  place, 
which  are  common  to  the  Gala  group  of  Scotland. 

Prom  the  Graptolitic  evidence  Mr.  Lapworth  would  arrange  the 
beds  in  the  following  order : — 

D.  The  M.  turriculatus  beds  of  the  Devil's  Bridge. 
C.  Next  below  (or  perhaps  identical  with  (D)  )  the  Cefn  Hendre 

grits. B.  Then  comes  the  rich  Graptolitic  zone  of  Morben  and  Cwm 
Symlog. 

A.  Lowest  of  all  lie  jointly  the  Diplograpsus  beds  of  Taren  y 
Gesail,  Corris,  and  Steddfa  Gurig. 

It  will,  however,  be  seen  that  this  order  does  not  correspond  with 
our  well-established  succession  of  the  greater  groups  as  given  in 
the  first  pages  of  this  paper ;  for  it  would  make  our  Metalliferous 
slates  newer  than  the  Aberystwyth  grits.  Now,  with  all  my  general 
confidence  in  fossil  evidence,  I  consider  that  the  palaeontological  data 
are  here  insufficient  to  maintain  this  order  against  the  very  strong 
stratigraphical  evidence  to  the  contrary.  The  principal  fact  is  the 
occurrence  of  a  single  species  (Monograjptus  turriculatus)  in  certain 
localities ;  and  this  does  occur,  only  less  commonly,  in  the  Birkhill 
shales  as  well  as  the  Gala  group.  Moreover  the  similar  (more 

arenaceous)  physical  conditions  common  to  our  Devil's-Bridge  bed 
and  the  Gala  group  may  have  to  do  with  their  having  some  fossils 
in  common. 

Mr.  Lapworth' s  researches  have  established  the  fact  that,  in  the 
Silurian  and  Cambrian  periods,  zones  of  Graptolites  characterize  defi- 

nite stages,  just  as  do  the  Ammonites  in  the  Jurassic  rocks.  But  these 
latter  have  their  exceptions,  and  the  minor  zones  are  only  trust- 

worthy within  local  limits ;  much  more  so  should  we  expect  this 
to  be  the  case  with  the  more  lowly  organized  group  of  Graptolitidse. 

The  occurrence  of  Monogr.  colonus  with  Birkhill  species  in  IN".  Wales 
is,  indeed,  an  example  of  such.  On  the  other  hand  the  stratigra- 

phical succession  of  the  Metalliferous  slates  over  the  Aberystwyth n2 
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grits  is  clearly  marked  over  a  large  area,  extending  from  near  Borth, 
through  Aberystwyth,  and  southwards  to  Llangrannog  *,  a  gradual 
transition  between  the  two  groups  being  everywhere  seen.  And  that 
the  rocks  here  occupy  their  original  relative  positions  is  proved  by 
the  position  of  the  raised  rock-markings,  which  are  uniformly  found 
upon  the  under  surfaces,  as  is  normal  in  the  lower  palaeozoic  rocks, 
whereas  when  the  beds  are  inverted  these  structures  are  found 
upon  the  upper  surface. 

The  only  plan  of  exact  harmonization  would  be,  it  seems  to  me, 
to  suppose  that  the  Aberystwyth  grits  had  died  out  to  the  east 
before  we  reach  the  fossiliferous  beds  of  Morben  and  Cwm  Symlog, 
and  older  beds  had  been  somehow  brought  up  in  the  confusion  of 
folds  and  synclinals.  This  may  be  considered  possible ;  but  it 

again  increases  our  difficulties  in  the  eastern  area  (Devil's  Bridge 
&c),  where  the  usual  order  of  the  strata  persists.  I  therefore 
adhere  to  my  original  classification  as  given  in  the  earlier  pages  of 
this  work ;  for,  indeed,  the  palseontological  difficulty  is  very  insig- 
nificant. 

Comparing  the  faunas  of  the  Aberystwyth  grits  and  Metalli- 
ferous slates,  we  find  that  these  do  not  afford  any  important 

data  for  their  separation,  but  rather  demonstrate  their  intimate 
connexion.  Twelve  of  our  species  of  Graptolites  are  known  only 
from  the  Metalliferous  slates — namely  Bastrites  maximus,  JR.  pere- 
grinus,  Monograptus  spinigerus,  cyphus,  gregarius,  intermedins, 
runcinatus,  and  involutus,  and  all  the  Diplograpti :  but  this  signi- 

fies probably  little  more  than  the  less  favourable  conditions  for 
Graptolitic  life  in  the  Aberystwyth  grits ;  for  the  two  rock-groups- 
are  bound  together  by  the  common  possession  of  Monograptus  dis- 
tans,  Glingani,  Sedgeivickii,  crenularis,  spiralis,  lobiferus,  Hisingeri, 
and  tenuis,  and  Climacograpsus  scalaris.  The  OrtJioceras,  Nereites, 
Fan- Algae  (Buthotrepliis),  and  Nematolites  (?)  tubidaris  are  also 
common  to  the  two  groups,  and  serve  further  to  demonstrate  the 
palaeontological  unity  of  the  Aberystwyth  and  Metalliferous  series. 

But  there  is  another  group  (the  Plynlimmon  group)  whose  exact 
age  has  not  yet  been  fully  considered.  These  beds  contain  no  fossil 
evidence  in  themselves  ;  but  still,  from  their  relations  to  the  under- 

lying metalliferous  slates  and  to  the  more  eastern  sections,  there  is 
little  room  for  hesitation  as  to  their  stratigraphical  position. 

The  underlying  rocks  are  shown  to  belong  to  the  highest  part  of  the 
Lower  Llandovery  group,  or  Upper  Birkhill  series,  some  of  the  species 
being  actually  of  Gala  types.  Paralleling,  then,  our  rocks  with 
those  of  the  south  of  Scotland,  this  overlying  group  of  grits  must 
either  be  close  upon  or  actually  in  the  Gala  and  Tarannon  group. 

"We  have  already  seen  how  the  stratigraphical  and  lithological  con- siderations support  the  view  that  they  really  are  an  arenaceous 
development  of  the  lower  part  of  the  Tarannon  shale,  thus  being 
the  true  representatives  of  the  Gala  group  of  Scotland.  The  asso- 

ciated pale  slates  of  Plynlimmon  and  around  Ehyader  (Ehyader  pale 

*  There  is  a  difficulty,  as  before  mentioned,  at  Aberaeron.  which  I  have  not 
been  able  thoroughly  to  investigate. 
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slates)  thus  fall  into  line  with  the  great  pale-slate  group  of  Britain 
— the  Tarannon  group. 

N.E.  Wales. — The  Silurian  rocks  of  Corwen,  Llangollen,  and  the 
Yale  of  Clwydd  have  been  described  by  Prof.  T.  M'K  Hughes  * ; and  fossils  have  been  collected  from  the  Tarannon  shales  of  the 
Conway  area  by  Mr.  C.  Lap  worth,  E.G.S.  Those  species  which  are 
common  to  our  Cardigan  rocks  are  indicated  in  the  Table ;  but, 
besides  these,  other  species,  characteristic  of  newer  groups,  are 
found — namely  jRetiolites,  and  Monogra/ptus  priodon,  colonus,  and 
galaensis.  From  these  fossils  Mr.  Lapworth  concludes  that  the 

Conway  beds  "  correspond  with  the  earlier  portion  of  the  Gala  beds  " 
of  Scotland  t-  Thus  the  results  of  palaeontology  correspond  well 
with  the  stratigraphical  evidences,  which  show,  in  my  opinion,  that 
the  great  mass  of  our  Cardiganshire  series  is  unrepresented  in  the 
N.E.  of  Wales  (as  in  the  English  border  counties),  or  rather  that 
it  is  represented  by  the  break  which  Professor  Hughes  has  worked 
out  in  that  district  at  the  base  of  his  Corwen  Grit.  The  black 
bands  in  the  Clwydd  valley,  from  which  Prof.  Hughes  obtained 
Graptolites,  do  appear  to  lie  in  the  parallel  of  the  higher  part  of 
our  Metalliferous  group. 
My  friend  Mr.  J.  E.  Marr  has  just  published  the  details  of  the 

sections  at  Cerrig  y  Druidion,  ~N.  of  Bala^;.  He  there  finds  beneath the  Tarannon  shales  the  equivalent  of  the  Graptolitic  mudstones, 
containing  fossils  of  the  same  species  as  our  Cardiganshire  series, 
but  also  including  Monograptus  colonus,  which  is  characteristic 
of  much  higher  beds.  The  section  appears  to  show  a  greater  deve- 

lopment of  Graptolitic  "  mudstones  "  than  in  the  Clwydd  valley,  and 
so  far  to  represent  more  fully  our  Cardiganshire  group  ;  but  here, 
again,  as  at  Corwen,  the  series  appears  to  be  incomplete,  because 
of  the  existence  of  the  Silurian  unconformity. 

General  Summary. 

Central  and  West-central  Wales  is  made  up  almost  entirely  of  a 
great  series  of  imperfect  slates  and  Greywackes  belonging  to  our 
Cardiganshire  group,  together  with  the  overlying  pale  slates  and 
grits  of  Ehyader  and  Plynlimmon.  The  Cardiganshire  group  is  sub- 

divided into  the  (1)  Aberystwyth  Grits,  and  (2)  Metalliferous  Slates  ; 
and  part  of  the  underlying  slates  may,  perhaps,  hereafter  be  proved 
to  belong  to  the  same  group.  Some  minor  subdivisions  are  also 
distinguishable.  The  arenaceous  rocks  are  not  constant  over  large 
areas,  but  die  out  both  to  north  and  south. 

The  rock-beds  are  astonishingly  folded  into  violent  contortions, 
with  frequent  inversions,  especially  in  the  Metalliferous  series,  so 
as  often  to  produce  the  misleading  appearance  of  a  regular  and 
continuous  ascending  series  exceeding  five  miles  in  thickness.  All 

the  important  axes  of  elevation  in  the  country  have  a  common  N".  and S.  direction,  two  of  the  main  folds  being  the  Aberystwyth  anticlinal 

*  Quart.  Jonrn.  Geol.  Soc  vol.  xxxiii.  p.  207,  vol.  xxxv.  p.  694. 
t  Ann.  Nat.  Hist.  1880,  vol.  ix.  p.  49. 
\  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  p.  277. 
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and  the  Plynlimmon  synclinal.  Secondary  axes  of  upheaval  bring 

up  the  lower  beds  of  the  series  at  the  Devil's  Bridge  and  near  Cwm 
Symlog.  Innumerable  minor  foldings  preserve  the  same  north-and- 
south  strike. 

The  included  fossil  remains,  especially  the  Graptolites,  prove  the 
Aberystwyth  Grits  and  Metalliferous  Slates  to  belong  to  the  same 
general  geological  horizon — namely,  on  the  parallel  of  the  upper 
Birkhill  series  of  S.  Scotland  and  the  Coniston  "  Mudstones  "  of  the 
English  Lake  district.  The  Plynlimmon  Grits  are  probably  an 
arenaceous  development  of  the  Tarannon  Shales ;  and  the  Cwm-Elan 
conglomerates  and  Rhyader  Pale  Slates  belong  to  the  same  series. 

Following  up  our  Cardiganshire  series  to  the  lines  of  junction 
with  older  and  newer  groups  in  parts  of  Montgomeryshire,  South 
Cardiganshire,  Caermarthenshire,  and  Merioneth,  we  find  no  evidence 
of  a  break  in  any  part  of  the  rock-groups  ;  but  there  is  concordant 
evidence  of  lithological  passage  from  the  Bala  to  the  Llandovery 
groups,  and  from  these  upwards  into  the  Tarannon  Shales  and  the 
Denbighshire  Grit  series.  On  the  contrary,  in  Denbighshire  and 

]S".E.  Merioneth,  Professor  Hughes  has  shown  that,  just  as  in  the 
English-Welsh  border  districts,  there  is  an  important  stratigraphical 
break  at  about  this  Llandovery  period.  Now  the  beds  below  that 

break  in  N".  Wales  are  the  Bala  group,  i.  e.  inferior  to  our  Cardigan- 
shire series  ;  those  above  it  are  basement-grits  and  conglomerates 

(the  Cor  wen  Grit),  covered  by  the  pale  slates,  with  some  black 
Graptolitic  bands.  These  latter  contain  some  species  in  common 
with  the  Cardiganshire  group,  but  also  others  characteristic  of  a 
higher  horizon  than  our  fossiliferous  beds. 

Thus  all  the  facts  are  harmonious  in  pointing  to  a  continuity  of 
the  Silurian  and  Cambrian  deposits  in  West  and  Central  Wales, 
while  an  important  break  exists  in  the  east  and  north-east.  Our 
Cardiganshire  group  is  only  partially  developed  (its  upper  part)  in 
the  latter  district,  being,  in  fact,  there  represented  by  a  great  strati- 
graphical  break — Sedgwick's  original  May- Hill  unconformity. 

I  conclude  that,  while  in  the  latest  Cambrian  times  (Sedgw.)  and  the 
dawn  of  the  Silurian  era  the  elevatory  forces,  acting  in  a  north- and- 
south  direction,  lifted  up  the  sea-bed  to  form  a  land-surface  over  the 
west  of  England  and  the  Welsh  borders,  these  forces  influenced  the 
greater  part  of  Wales  only  in  a  less  degree — producing,  it  may  be, 
the  shallower  water  in  which  the  Aberystwyth  grits  were  laid  down, 
but  not  interfering  with  the  continuous  deposition  of  sediment  and 
the  unbroken  sequence  of  the  geological  record  from  the  Cambrian 
to  the  Silurian  eras. 



Vales. 

)rth,  F.G., 

Ta
re
n 
 

j 
 

Ge
sa
il
. 

El 

Pa 
E 

D 
T< 
E 





Table  showing  Distribution  of  Fossils  in  Central  Wi 
Specimens  marled  thus  (t)  bare  been  idculiQed  bj  Mr.  0.  Lapmir 

-  analaiis,  Lap*.   

Cladophora. 
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Appendix. 

Oa  the  Cladophora  (Ilopk.)  or  Dendroid  Graptolites  collected  by 
Professor  Keeping  in  the  Llandovery  Modes  of  Mid  Wales.  By 
Chas.  Lapworth,  Esq.,  F.G.S.  &c. 

[Plate  VII.] 
The  forms  of  Cladophora  collected  by  Professor  Keeping  from 
the  Llandovery  rocks  of  Cardiganshire  are,  regarded  collectively^  of 
a  type  almost  new  to  British  palaeontology.  Although  intimately 
allied  to  the  well-known  dendroid  species  of  the  Quebec  and  Arcnig 
formation,  they  are  very  distinct  in  their  minor  features.  They  are 
essentially  of  a  Silurian  (Upper)  facies,  and  they  remind  us  strongly 
of  a  group  recently  made  known  to  us  through  the  researches  of  Mr. 
Spencer,  of  Toronto,  which  characterizes  the  Clinton  and  Niagara 
Groups  of  New  York  and  Upper  Canada  *. 

None  of  our  examples  shows  the  complete  polypary,  or  affords  dis- 
tinct proof  of  the  presence  of  all  the  more  minute  classificatory 

features ;  but  there  is  satisfactory  evidence  of  the  presence  of  at 
least  four  distinct  genera  and  seven  species.  The  genera  repre- 

sented are  Dictyonema,  Hall,  Calyptograptus,  Spencer,  Acantho- 
graptus, Spencer,  and  Odontocaulis,  Lapw.  Dictyonema  is  a  well- 

known  British  genus ;  the  remainder  are  new  to  British  palaeon- 
tology. Calyptograptus  and  Acanthograptus  have  been  already 

briefly  noticed  from  American  strata  by  Mr.  Spencer,  but  have  not 
hitherto  been  figured.    Odontocaulis  is  a  new  genus,  of  a  peculiar 

Of  the  seven  distinct  species  recognizable,  four  (viz.  Dictyonema 
corrugatellum,  Calyptograptus plumosus ,  C.  digitatus,  and  Odontocaulis 
Keepingii)  are  as  yet  peculiar  to  the  Mid- Wales  area.  The  remaining 
three  have  already  been  recognized  by  niyself  in  the  Silurian  rocks 
of  the  south  of  Scotland.  Dictyonema  venustum  certainly  occurs  in 
the  Upper  Gala  group  of  Selkirkshire  (Llando very-Tar annon),  and 
doubtfully  in  strata  of  a  little  older  date  in  the  Girvan  area. 
Dictyonema  delicatalum  has  been  met  with  in  the  Llandovery  (Lower) 
of  Shalloch  Forge,  near  Girvan.  Acanthograptus  ramosus  occurs 
also  in  the  Girvan  area,  at  the  base  of  the  representative  of  the 
Tarannon  Shales. 

We  do  not  yet  know  enough  of  the  Cladophora  of  North  America 
to  enable  us  to  identify  any  of  these  Mid-Wales  forms  with  corre- 

sponding species  already  described  or  figured  from  the  Silurian  strata 
of  that  continent. 

Genus  Dictyoneha. 

Dictyonema,  Hall,  Palaeontology,  New  York,  vol.  ii. 

1.  DicTTONEiiA  venustum,  sp.  nov.    Plate  VII.  figs,  la-lc. 
Polypary  cyathiform  in  the  growing  state,  at  least  10  inches  in 

transverse  diameter.    Branches  uniform,  about  one  eightieth  of  an 

*  "Graptolites  of  the  Niagara  Formation,"  by  J.  W.  Spencer,  F.G.S.,  Canadian 
Naturalist,  1878-9,  pp.  457-463. 
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inch  in  transverse  diameter,  radiating  from  the  centre  with  few  and 
remote  bifurcations ;  approximately  parallel  distally ;  having  25 
branches  to  the  inch,  connected  by  frequent  capillary  dissepi- 

ments 12  or  13  to  the  inch.  Calyclcs  biserial,  closely  adpressed  to 
the  polypary,  50  to  the  inch ;  apertural  margin  acute,  rarely  spinose. 

The  largest  specimens  obtained  are  distal  fragments  of  the 
polypary,  about  two  inches  in  length  ;  and  from  the  characteristics 
presented  by  these  fragments  the  foregoing  diagnosis  has  been 
drawn  up. 

This  form  is  undoubtedly  new  to  British  palaeontology.  It  may, 
however,  be  proved  in  the  future  to  be  identical  with  some  of  the 
imperfectly  known  American  forms  from  the  Clinton  and  Niagara 
groups. 

Locality,  Llandovery  of  Devil's  Bridge,  Aberystwyth.  Dictyonema 
venustum  is  a  rare  fossil  in  the  Llandovery  rocks,  of  the  south  of 
Scotland,  at  Abbotsford,  Winterhope,  and  Penwhapple  Glen. 

2.  Dictyonema  delicattjltjm,  sp.  nov.    Plate  YIL  figs.  2a,  2b. 

Polypary  cyathiform  ?  probably  three  or  four  inches  in  transverse 
diameter.  Branches  40  to  the  inch,  about  of  an  inch  in 
width,  distally  parallel,  connected  by  indistinct  capillary  dissepi- 

ments 16  or  17  to  the  inch ;  bifurcations  ?  Calycles  biserial,  80  to 
the  inch  ;  aperture  horizontal,  devoid  of  ornament. 

The  best  example  of  this  species  collected  is  shown  in  the  figure, 
Plate  YIL  fig.  2a.  The  characters  it  presents  show  that  it 
belonged  to  a  distinct  species  from  that  already  described,  from 
which  it  differs  mainly  in  the  narrower  and  more  closely-set 
branches,  and  in  the  more  numerous  calycles  and  dissepiments. 

Horizon  and  Locality.  Llandovery  of  Bryn  y  Carnau,  Aberyst- 
wyth. 

A  single  specimen  has  also  been  collected  from  the  Pentamerus- 
beds  of  Shalloch  Porge,  Girvan,  South  Scotland. 

3.  Dictyonema  coeetjgatellijm,  sp.  nov.    Plate  VII.  figs.  3a,  3b. 

Polypary  cyathiform,  about  one  and  a  half  inch  in  height.  The 
branches  are  nearly  parallel,  about  yJ-jj  of  an  inch  in  diameter,  and 
J-0-  of  an  inch  apart,  connected  by  fine  transverse  dissepiments  at 
regular  distances  of  about  of  an  inch,  undulating  in  direction,  the 
edges  being  thrown  alternately  from  side  to  side  by  the  projection 
of  the  outer  margin  of  the  calycles.  Calycles  120  to  the  inch, 
alternate,  with  gibbous  outer  margin,  and  deep  rounded  aperture 
lying  interior  to  the  edge  of  the  branch. 

The  most  striking  feature  of  this  elegant  little  species  is  formed 
by  the  wrinkled  or  undulating  outer  edges  of  the  branches,  which 
wave  from  side  to  side  owing  to  the  projection  of  the  ventral 
margin  of  the  calycles.  The  slender  branches  divide  more 
frequently  than  is  the  case  with  the  generality  of  species  of 
Dictyonema ;  and  the  transverse  dissepiments  are  stouter  and  appa- 

rently polypiferous. 
The  calycles  have  their  apertural  margin  strongly  introverted. 
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in  the  manner  of  those  of  Dicellograptus,  Hopk. ;  and  the  line 
of  the  aperture  lies  wholly  within  the  ventral  margin  of  the 
branch. 

Horizon  and  Locality.  Llandovery  of  Devil's  Bridge,  Aberyst- 
wyth, Cardiganshire.    Collection  of  Dr.  Huinpidge,  Aberystwyth. 

Genus  Calyptogeaptes. 

Calyptograptns,  Spencer,  Canadian  Naturalist/  1878-79,  p.  459. 

"  Gen.  char.  Polypary  cyathiform,  with  numerous  bifurcating 
branches,  which  are  dichotomous  at  the  termination,  but  are  not 
connected  by  lateral  processes.  The  branches  are  marked  with 
striae  resembling  rhomboidal  pits ;  the  axis  has  a  black  corneous 
exterior ;  and  the  radicle  is  composed  of  a  thickened  mass  of  the 
same  texture  as  the  branches.  In  appearance  and  texture  this  genus 
resembles  Dictyonema ;  but  the  branches  are  all  independent,  not 
being  connected  by  transverse  dissepiments  as  in  that  genus,  and  are 

only  united  in  one  mass  at  the  root "  (Spencer,  he.  cit). 
One  of  the  Cladophora  collected  by  Professor  Keeping  appears  to 

possess  many  of  the  foregoing  characters,  which  are  given  by  Mr. 
Spencer  as  the  peculiarities  of  his  genus  Galyptograptus.  There  are, 
however,  some  marked  distinctions  between  our  species  and  his 

typical  examples  ;  nevertheless  it  is  most  undoubtedly  a  closel}- 
allied  form,  and  may  therefore  most  conveniently  be  provisionally 
placed  in  this  genus  until  we  know  more  of  the  proper  generic 
distinctions  of  these  obscure  fossils. 

4.  Calyptogeaptes  ?  plemoses,  sp.  nov.    Plate  VII.  fig.  4. 

Polypary  cyathiform '?,  in  the  growing  state,  about  one  inch  and 
a  half  in  height,  composed  of  numerous  bifurcating  polypiferous 
branches  united  into  a  short  stem,  longitudinally  striated,  not 
connected  by  transverse  dissepiments.  Calycles  closely  arranged, 
biserial.  Basal  disk  elliptical  in  form,  about  one  fourth  of  an  inch 
in  diameter. 

The  stem,  which  is  very  short  and  stout,  rises  from  the  centre  of 
the  basal  disk,  and  divides  for  the  first  time  within  about  one  eighth 
of  an  inch  of  its  origin ;  the  second,  third,  and  fourth  subdivisions 
are  about  one  tenth  of  an  inch  apart ;  the  later  bifurcations  are  a 
little  more  remote.  The  primal  branches  are  about  one  thirtieth 
of  an  inch  in  diameter  ;  the  final  branchlets  are  almost  capillary. 

The  substance  of  the  polypary  appears  to  have  been  somewhat 
membranous  in  character,  and  is  wrinkled  or  striated  longitudinally 
in  the  fossil.  Two  series  of  calycles  are  just  discernible  in  the 
proximal  portions  of  some  of  the  branches,  their  apertural  margins 
being  Exhibited  as  short  slits  crossing  the  branches  transversely, 
almost  at  right  angles  to  their  general  direction. 

This  form  agrees  with  Dictyonema  and  Callograptus  in  the  regular 
dichotomous  nature  of  the  method  of  subdivision  of  its  principal 
branches.  It  differs,  however,  most  markedly  from  both  these 
genera  in  the  apparent  absence  of  the  transverse  dissepiments 
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uniting  the  branches.  In  the  mode  of  branching  and  in  the  form  of 
the  calycles  it  approaches  the  genus  OdontocauKs,  to  be  presently 
described,  from  which,  however,  it  is  easily  separated  by  its  short 
non-poly piferous  stem. 

Horizon  and  Locality.  Llandovery  of  Devil's  Bridge,  Aberyst- 
wyth. 

5.  Calyptogeapttjs  ?  dioitatus,  sp.  nov.    Plate  YII.  figs.  6<z-66. 
Polypary  short,  composed  of  numerous  compound  branches  about 

of  an  inch  in  width,  dividing  irregularly,  and  terminated  distally 
by  a  group  of  palmatifid  branchlets  about  one  tenth  of  an  inch  in 
length.    Calycles  of  the  type  of  those  of  Callograptus,  about  50  to 
the  inch. 

The  magnified  drawing  gives  a  fair  idea  of  the  external  features 
of  the  only  specimens  seen,  which  are  mere  fragments.  The 
proximal  extremity  of  the  stem  is  unknown ;  but  the  irregular  mode 
of  subdivision  of  the  branches  is  different  from  what  generally 
occurs  in  Dictyonema  and  its  allies.  There  is  a  doubtful  appearance 
of  reticulation  among  the  secondary  branches. 

The  most  remarkable  feature  of  this  form  is  the  strange  digitate 
character  of  the  final  spine-like  branchlets.  Mr.  Spencer  has  noticed 
the  same  feature  in  the  genus  Rhizograptus  (op.  cit.  supra,  p.  461), 
to  which  it  is  possible  the  present  species  properly  belongs. 

Horizon  and  Locidity.  Llandovery  of  Devil's  Bridge,  Aberyst- 
wyth. 

Genus  Acanthogeaptus,  Spencer. 

Gen.  char.  "  Polypary  shrublike,  consisting  of  thick  branches, 
principally  rising  from  near  the  base,  with  little  divergence  and 
some  bifurcations.  One  side  of  the  branches  is  furnished  with 

prominent  .spines  or  denticles,  which  appear  to  mark  the  cell- 
apertures.    Test  corneous  and  indistinctly  striated." 

"  This  generic  form  resembles  Dendrograptus,  but  is  stronger  and 
more  bushy  than  species  of  that  genus,  and  has  conspicuous  spines 

indicating  a  different  cell-structure  "    (Spencer,  op.  cit.  p.  463). 
The  foregoing  is  Spencer's  diagnosis  of  his  new  genus  Acantho- 

graptus.  I  have  provisionally  assigned  to  it  one  of  Professor 

Keeping's  species,  which  answers  fairly  enough  to  Spencer's  defini- 
tion. It  is  impossible  to  ascertain  from  Spencer's  diagnosis  whether 

the  denticles  that  ornament  the  calycles  are  horizontal  or  inclined. 
If  the  former  be  the  case,  I  suspect  that  Acanthograptus  will  be  found 
to  lie  somewhere  near  Thamnograptus  of  Hall,  in  which  the  calycles 
are  provided  with  long  projecting  spines,  and  that  the  present  form 
must  be  regarded  as  the  type  of  a  new  genus. 

Acanthograpttus  occurs  both  in  the  Bala  and  Llandovery  strata 
of  Girvan,  South  Ayrshire,  where,  however,  it  is  an  uncommon 
fossil.  None  of  the  species  collected  by  myself  from  the  Scottish 
locality  appears  to  be  precisely  identical  with  the  Mid- Wales  form. 

6.  Acanthogeapttjs  eamosus,  sp.  nov.    Plate  VII.  fig.  5. 

Polypary  short,  shrublike,  with  thick  rigid  branches,  repeatedly 
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and  irregularly  branching  and  rebranching.  Ease  unknown.  Calycles 
monopiionidian  ?,  often  with,  long  acute  denticles,  which  have  an 
ascending  direction. 
We  have  only  one  fair  example  of  this  genus  from  the  Mid-Wales 

beds ;  and  the  foregoing  characters  are  all  that  can  be  made  out. 
The  height  of  the  visible  portion  of  the  polypary  is  less  than  half  an 
inch.  The  main  branches  are  apparently  about  one  fortieth  of  an  inch, 
in  diameter  below,  and  are  strongly  striated  throughout  the  whole  of 
their  extent.  The  right-hand  branch,  which,  is  the  better  preserved, 
throws  off  three  secondary  branches  in  the  upper  half  of  its  length. 
These  secondary  branches  are  of  various  lengths,  being  so  extended 
that  their  outer  terminations  are  on,  or  about,  the  same  level.  Each, 
secondary  branch  splits  at  its  summit  into  two  secondary  branchlets 
or  polypiferous  spines,  about  one  twentieth  of  an  inch  in  length, 
and  terminating  outwards  in  a  short,  stiff,  mucronate  point.  The 
remaining  primary  branches  present  essentially  the  same  general 
features. 

One  margin  of  the  branches  exhibits  small  denticulations  at  short 
and  regular  intervals  (about  50  to  the  inch),  marking  the  mouths 
of  the  calycles,  the  margins  of  which  are  usually  concave.  The 
outer  angle  of  the  aperture  is  sometimes  very  slightly  projecting  and 
more  or  less  rounded  off,  as  in  the  genus  Dictyonema.  Generally, 
however,  the  outer  margin  of  the  aperture  is  prolonged  into  a  stout 
denticle,  which  stretches  outward  and  upward  at  an  angle  of  about 
45  degrees  to  the  main  axis  of  the  branch,  and  is  terminated  in 
a  blunt  point;  the  inner  margin  of  the  calycle,  shown  by  a  little 
groove  upon  the  surface  of  the  branch,  running  for  some  distance 
almost  parallel  with  the  outer  margin. 

The  colour  of  the  test  is  black,  and  the  texture  corneous. 

Horizon  and  Locality.  Llandovery  of  the  Devil's  Bridge,  Aberyst- 
wyth. 

Odo^tocatjlis,  gen.  nov. 

Gen.  char.  Polypary  cyathiform,  composed  of  numerous  indepen- 
dent and  frequently  bifurcating  polypiferous  branches,  originating 

from  the  distal  extremity  of  a  short  stem,  which  is  likewise  poly- 
piferous, and  is  terminated  proximally  in  an  irregular  corneous 

expansion.  Hydrothecss  of  the  type  of  those  of  Dictyonema, 
biserial,  subalternate. 

The  chief  peculiarity  of  this  genus  is  afforded  by  the  character  of 
the  stem,  which  is  identical  in  every  respect  with  the  main  branches, 
and,  like  them,  is  denticulate  or  polypiferous  throughout  the  whole  of 
its  extent.  It  commences  proximally  in  a  flattened  expansion,  with 
irregular  or  frayed-out  edges,  possibly  the  remains  of  a  disk  or  bulb 
of  attachment. 

The  mode  of  branching  is  rigidly  dichotomous,  the  first  two 
branches  being  formed  by  the  subdivision  of  the  main  stem  itself. 
Each  arm  branches  and  rebranches  again  and  again  in  the  same 
manner,  at  frequent  and  close  intervals,  composing  an  elegant  cyathi- 

form or  fanlike  polypary,  very  symmetrical  in  form.  The  branches 
retain  their  original  width  to  their  final  division,  which  gives  rise  to 
two  minute  branches  less  than  one  tenth  of  an  inch  in  length. 
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The  hydrothecse  are  more  prominent  than  those  upon  Dictyonema. 
The  distal  extremity  of  each  appears  to  have  been  free  and  slightly 
introverted,  as  in  the  majority  of  the  bilateral  family  of  the 
Dicranograptidae. 

Odontocaulis  is  separated  from  Dictyonema  by  the  absence  of  the 
transverse  dissepiments,  and  by  the  polypiferous  character  of  the 
stem.  Prom  Gallograptus,  which  it  much  resembles,  the  same 
features  effectually  distinguish  it.  In  Dendrograptus  the  stem  is 
stout  and  devoid  of  polypes,  while  the  branches  are  irregularly 
disposed  ;  in  the  present  genus  the  stem  is  no  thicker  than  the 
branches,  is  polypiferous,  and  the  branches  are  regularly  and 
symmetrically  subdivided.  It  has  probably  its  nearest  ally  in 

Ilhizogrcvptus  (Spencer,  'Canadian  Naturalist,'  1879,  p.  460);  but  in 
that  genus  the  stem  appears  to  be  barren,  and  the  branches  are 
possibly  united  at  intervals. 

7.  Odontocaulis  Keepingii,  sp.  nov.    Plate  VII.  figs.  7«,  7b. 

Polypary  composed  of  numerous  elegant  rlexuous  branches, 
frequently  divided  and  subdivided  in  a  regularly  dichotomous 
manner,  originating  from  the  distal  extremity  of  a  polypiferous 
stem  about  one  fourth  of  an  inch  in  length,  and  forming  a 
cyathiform  frond  one  inch  and  a  half  in  height.  Hydrothecse  50 
to  the  inch,  free,  distally  patulous  ;  aperture  prolonged,  introverted  ; 
denticle  obtuse,  rarely  spinose. 

In  the  only  specimen  collected  the  polypary  commences  proximally 
with  a  flattened  expansion  or  disk  with  irregular  or  frayed-out 
edges.  The  stem  is  curved  ventrally,  and  bears  a  single  series  of 
hydrothecoe,  which  are  most  distinctly  shown.  There  are  also  indi- 

cations of  a  second  series.  These  hydrothecse  are  a  little  more  widely 
separated  than  those  upon  the  branches,  and  appear  to  have  been 
stronger  and  more  projecting.  At  its  summit  the  stem  divides  into 
two,  originating  the  primary  branches.  Within  one  twentieth  of 
an  inch  of  their  origin  each  of  these  again  divides  in  a  correspond- 

ing manner.  Within  the  next  tenth  of  an  inch  the  branchlets 
are  again  subdivided,  and  so  on  till  as  many  as  six  of  these 
dichotomous  divisions  have  been  made.  The  terminal  branchlets 
are  very  short,  less  than  one  tenth  of  an  inch  in  length  ;  but  they 
are  polypiferous  to  their  visible  extremities. 

The  hydrotheca3  upon  the  branches  average  about  55  or  60  to  the 
inch.  The  majority  are  seen  as  scaliform  impressions ;  those 
visible  in  profile  are  not  unlike  those  in  Dicellograptus,  Hopkinson. 

The  branches  are  of  subequal  diameter  throughout,  about  one 
fortieth  of  an  inch.  They  are  quite  free  and  independent,  neither 
inosculating,  as  in  some  forms  of  Dictyonema,  nor  being  connected 
by  transverse  dissepiments,  as  in  that  genus  and  its  ally  Callo- 
graptus. 

This  beautiful  little  species  is  dedicated  to  its  discoverer,  Professor 
Walter  Keeping. 

Horizon  and  Locality.  Llandovery  of  Devil's  Bridge,  Aberyst- 
wyth, Cardiganshire. 
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EXPLANATION  OF  PLATE  VII. 

Fig.  1.  Bictyonema  vermstum,  sp.no v. :  1  a,  natural  size;  1  b,  magnified  10  dia- 
meters. Locality:  Devil's  Bridge,  Aberystwyth  (coll.  W.  Keeping). 

1  c,  nat.  size.  •  Loc. :  Williamshope,  Gala  group  (coll.  C.  Lapworth). 
2.  Dictyonema  delicatulum,  sp.  nov. :  2  a,  nat.  size  ;  2  b,  magnified  10  dia- 

meters.   Loc. :  Bryn  y  Carnau  (coll.  W.  Keeping). 
•3.  Dictyonema  corrugatellum,  sp.  nov. :  3  a,  nat.  size ;  3b,  magnified  10  dia- 

meters.   Loc. :  Devil's  Bridge  (coll.  Dr.  Humpidge,  Aberystwyth). 
4.  Ccdyptograptus  plumosus,  sp.  nov. :  nat.  size.     Loc. :  Devil's  Bridge (coll.  W.  Keeping). 
5.  Acanthograptusramosus,  sp.  nov. :  magnified  3  diameters.   Loc:  Devil's Bridge  (coll.  W.  Keeping). 
6.  CalyptograpUis  digitatus,  sp.  nov. :  6  a,  nat.  size  ;  6  b,  magnified  5  dia- 

meters.   Loc. :  Devil's  Bridge  (coll.  W.  Keeping). 
7.  Odontocaulis  Kcepingii,  gen.  et  sp.  nov. :  7  a,  nat.  size ;  7  b,  basal  por- 

tion magnified  5  diameters.    Loc. :  Devil's  Bridge  (coll.  W.  Keeping). 

Discussion. 

The  Peesident  said  that  the  paper  was  an  important  contribution 

to  the  geology  of  Mid  "Wales.  The  fossils  were  interesting  and remarkable,  especially  the  Graptolites. 
Prof.  Hughes  pointed  out  that  the  North- Wales  Silurian  was 

quite  different  from  that  of  South  Wales,  and  that  the  area  described 
by  the  author  was  far  from  the  typical  sections  of  either  north  or 
south  and  differed  from  both.  He  considered  the  paper  a  valuable 
contribution  to  our  knowledge. 

Dr.  Hicks  was  glad  to  hear  that  in  this  area  also,  as  in  Pembroke- 
shire, there  was  no  break  between  the  Upper  and  Lower  Silurians. 

It  was  also  satisfactory  to  see  that  fossils  had  turned  up  on 
examination  in  these  rocks,  formerly  reported  to  be  barren  or 
nearly  so. 
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13.  Further  Notes  on  the  Carboniferous  FENESTELMDiE.   By  George 
Wm.  Shritbsole,  Esq.  F.G.S.    (Read  January  19,  1881.) 

In  a  former  communication  to  the  Society  I  endeavoured  to  show 
that,  as  the  result  of  a  careful  comparison  of  the  existing  individual 
forms,  as  figured  by  previous  describers,  with  some  tolerably 
perfect  specimens  in  my  own  possession,  it  would  be  necessary  to 
redeseribe  the  species  of  Fenestetta  and  considerably  reduce  their 
number.  I  accordingly  append  a  redescription  of  the  more  promi- 

nent species ;  but  before  introducing  that,  it  will  be  necessary  to  say 
something  about  the  foundation  of  the  genus  Fenestella,  since  it  can 
readily  be  imagined  that  the  same  causes  which  have  thrown  con- 

fusion into  the  species,  have  tended  also  to  obscure  the  genus — 
namely  the  fragmentary  and  imperfect  state  of  the  specimens  ex- 

amined, and  the  want  of  attention  to  the  stages  of  individual  growth 
and  other  details.  Accordingly  I  find  the  existing  descriptions  of  the 
genus  Fenestella  inaccurate  in  many  essential  details.  The  genus 
has  been  defined  by  several  palaeontologists,  but  each  time  with 
reference  to  the  fossils  of  a  particular  period;  and  no  one  description  is 
sufficiently  comprehensive  to  embrace  all  the  members  of  the  family 
Fenestellidae  as  they  occur  in  the  various  Palaeozoic  formations.  A 
fresh  description  of  the  genus  therefore  appears  to  be  desirable. 

"Without  entering  upon  a  full  history  of  the  genus  Fenestella,  I may  mention  that  the  first  to  describe  it  as  such  was  Lonsdale,  in 
1839*,  who  adopted  the  name  from  the  MS.  of  Miller  of  Bristol, 
who  had  been  engaged  on  a  work  on  the  Corals  of  the  Mountain 
Limestone,  which  he  did  not  live  to  complete.  He  gave  the  name 
Fenestella  to  the  lace  corals.  Fenestella  Milleri  of  the  Silurian  is 

so  named  after  him.  Lonsdale  twice  defined  the  genus — first  in  the 
'  Silurian  System,'  and  again  in  the  '  Geology  of  Russia 'f.  In  the former  he  restricted  the  cells  to  one  row  on  each  side  of  the  keel : 
and  in  the  latter  he  placed  no  such  limit  to  the  order  or  arrangement 
of  the  cells  ;  hence  it  included  Polypora,  Retepora  &c,  in  fact  all  the 
fenestrate  species.  His  otherwise  elaborate  definition  was  also 
faulty  to  the  serious  extent  that  he  described  the  appearance  of  a 
common  incrusting  coral  as  the  mature  growth  of  the  Fenestella. 
This  I  explained  in  a  recent  communication  to  the  Society. 

Phillips  next  in  order  of  time  (1841)  gave  a  very  good  description 
of  the  genus,  so  far  as  relates  to  the  Devonian  group^ ;  but  much  of 
its  details  are  not  applicable  to  the  Silurian  group. 

Prof.  M'Coy,  in  1844  §,  restricted  the  genus  to  forms  with  two  rows 
of  pores  on  the  branches,  so  as  to  include  only  the  true  Fenestella;. 
The  pore-cells  he  limits  to  the  external  face,  whereas  in  the  majority 
of  the  species  they  are  on  the  inside  of  the  polyzoary.    He  further 

*  Murckison's  '  Silurian  System,'  p.  677. 
t  Geology  of  Russia,  vol.  i.  Appendix  A,  p.  629. 
I  Palaeozoic  Fossils,  pp.  22,  23. 
§  M'Coy 's  Syn.  Carb.  Foss.  Ireland,  p.  200. 
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states  that  the  perfect  condition  of  Fenestella  will  be  found  in  his 
genus  Hemitnjpa.  This  latter  I  have  shown*  to  be  a  mistake  due 
to  an  incrusting  organism  on  Fenestella  membranacea,  Phil. 

In  his  second  definition,  in  1854 -f-,  which  was  intended  to  include 
both  Carboniferous  and  Silurian  species,  M'Coy  is  more  successful ; 
no  mention  is  made  of  the  particular  face  on  which  the  cells  are- 
placed.  He  does  not  adequately  describe  the  shape  of  the  polyzoary, 

and  adopts  one  of  Lonsdale's  errors  respecting  a  layer  of  vertical 
capillary  tubes  on  the  reverse  face. 

The  last  definition  we  have  was  by  Prof.  King  J  in  1848,  after 

arranging  the  Permian  Polyzoa.  He  ignores  M.'Coy's  work  in 
1844,  and  says  that  the  genus,  as  constructed  by  Lonsdale  in  1845, 
requires  subdividing.  As  no  trace  of  the  incrusting  coral  was  found 

in  the  Permian  species,  all  reference  to  Lonsdale's  supposed  mature 
condition  of  the  Fenestella  is  omitted.  Prof.  King's  short  and  other- 

wise exact  account  is  inexact  in  stating  that  the  cells  are  distributed 
in  two  or  more  linear  series.  The  true  Fenestellaz  have  never 
more  than  two  rows  of  cells  on  the  interstice  ;  the  supposed  row  on 
the  keel  does  not  really  consist  of  cellTpores,  but  of  the  bases  of  hollow 
spiny  processes,  which  oftentimes,  in  the  case  of  the  Permian  Fene- 

stella, have  been  unduly  distorted  by  a  subsequent  deposition  of 
carbonate  of  lime. 

Prom  the  foregoing  it  is  evident  that  none  of  the  original  descri- 
bers  of  the  genus  Fenestella  has  grasped  the  main  features  of  it  as 
a  whole.  What  is  wanted  is  a  definition  which  shall  embrace  the 
whole  of  the  Palaeozoic  Fenestella;. 

The  following  definition  is  therefore  proposed,  after  a  careful  study 
of  the  several  species  ranging  from  Silurian  to  Carboniferous  times. 

Genus  Fenestella,  Lonsdale. 

Polyzoary  a  calcareous  reticulate  expansion,  either  flat,  conical, 
or  cup-shaped,  formed  of  slender  bifurcating  branches  (interstices), 
poriferous  on  one  face,  connected  by  non-poriferous  bars  (dissepi- 

ments) forming  an  open  network.  Cells  immersed  in  the  interstices, 
and  arranged  in  two  longitudinal  rows  divided  by  a  central  keel,  on 
which  are  often  prominences.  Cell-mouth  small,  circular,  and 
prominent  when  preserved. 

Fenestella  plebeia,  M'Cov,  Syn.  Carb.   Foss.  Ireland,  p.  29,. 
fig.  3. 

Fenestella  antiqua,  Lonsd.,  M'Coy,  Syn.  Carb.  Foss.  Ireland, 
p.  200. 

 carinata,  M'Coy,  Syn.  Carb.  Foss.  Ireland,  pi.  28.  fig.  12. 
 devonica,  Semenow  et  v.  Moller,  Bull,  de  l'Acad.  de  St. 

Petersbourg,  t.  vii.  p.  233,  pi.  3.  fig.  16. 
 formosa,  M'Coy,  Syn.  Carb.  Foss,  Ireland,  pi.  29.  fig.  2. 
 flustriformis,  Phill.  Geol.  Yorkshire,  pi.  i.  figs.  11,  12. 
 fossida,  Lonsd.,  Darwin's  Obs.  on  Volcan.  Isl.  p.  166. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  282. 
t  Brit.  Pal.  Foss.  p.  49.  J  Permian  Fossils,  p.  34. 
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Fenestella  fossula,  Dana,  Geol.  U.S.  Explor.  Exped.  p.  710,  pi.  ii. 
fig.  3. 

 plebeia,  d'Orbigny,  Prod,  cle  Paleont.  strat.  t.  i.  p.  152. 
 irregularis,  Phill.  Geol.  Yorkshire,  pi.  1.  figs.  21,  22. 

 retiformis,  Schloth.,  King's  Perm.  Foss.  pi.  2.  rigs.  8-19. 
 trituberculata,  Prout,  Trans.  Acad.  St.  Louis,  vol.  i.  p.  228. 
 undulata-,  Phill.  Geol.  Yorkshire,  pi.  i.  figs.  16-18. 
 virgosa,  Eichwald,  Lethaea  Rossica,  torn.  i.  p.  358,  pi.  23. 

fig.  9. 
Gorgonia  antiqua,  Goldf.  Pet.  Germ.  p.  99,  pi.  36.  figs.  3,  ajj. 

Sp.  cliar. — Polyzoary  a  flat  expansion,  slightly  convoluted,  circular 
or  oval  in  outline,  depressed  in  the  centre,  by  which  it  is  attached. 
Interstices  regular  on  the  obverse  face  when  well  preserved,  somewhat 
rounded  otherwise,  sides  angular,  keeled.  Dissepiments  thin,  expand- 

ing at  junction  with  interstice,  more  markedly  on  obverse  than  re- 
verse face.  Fenestrules  regular,  oblong,  equal  to  width  of  interstice 

on  obverse  face,  twice  the  width  on  reverse  face ;  four  in  the  space  of 
two  lines  longitudinally,  and  six  fenestrules  in  the  space  of  two  lines 
transversely.  Keel  rounded  and  strong,  with  two  or  three  nodes  in 
the  length  of  a  fenestrule.  Pores  round,  prominent,  their  diameter 
apart,  two  or  three  in  the  length  of  a  fenestrule,  and  often  one  more 
prominent  than  the  rest  in  the  angle  formed  by  the  junction  of  the 
dissepiment  with  the  interstice. 

Obs.  This  species,  whether  from  Scotch,  Irish,  or  English  localities, 
is  everywhere  the  predominant  form  of  Fenestella.  It  attained  to 
the  largest  expansion  of  polyzoary  of  any  of  the  species.  It  de- 

serves in  every  way  to  be  regarded  as  the  typical  species  of  the 
Carboniferous  varieties.  I  have  traced  its  growth  through  all  its 
stages,  from  a  speck  with  two  interstices  on  a  stalk  which  clasped,  it 
might  be,  the  spine  of  a  Procluctus  or  a  fragment  of  Serpula,  to  the 
adult  form  with  its  strong  and  numerous  rootlets.  The  early  leaf- 

like growth  on  a  footstalk  soon  underwent  a  change ;  the  footstalk 
became  one  of  many  rootlets,  and  the  polyzoary  coralliform  at  the 
base,  and  ultimately  a  more  or  less  circular  expansion,  the  edges  of 
which  terminated  in  slightly  convoluted  lobes.  Its  attachment  to 
the  rock  was  secured  by  a  cluster  of  rootlets  from  about  the  base, 
and,  indeed,  from  any  part  of  the  polyzoary  which  offered  convenience 
of  attachment. 

The  actual  size  to  which  this  species  attains  it  is  difficult  to 
estimate,  owing  to  the  cleavage  of  the  shale  in  which  it  occurs.  I 
have  seen  indications  which  lead  me  to  believe  that  an  adult  poly- 
zoon  might  attain  a  diameter  of  nearly  two  feet.  Specimens  of 
this  species  will  be  found  to  differ  from  each  other  somewhat  in 
appearance.  This  I  have  found  is  more  owing  to  the  nature  of  the 
matrix  in  which  it  has  been  imbedded  than  to  any  other  cause. 
The  more  calcium  carbonate  present  in  it,  the  fuller  and  more  life-like 
the  organism  appears,  while  it  is  flat  and  shrunken  in  the  ordinary 
black  aluminous  shale  of  the  Carboniferous  beds. 

In  diagnosing  the  species  the  first  thing  to  be  noted  is  the  size  of  its 
interstice,  in  which  it  is  intermediate  between  Fenestella  nodulosa, 
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Phill.,  and  Fenestella  polyporata,  Phill.  There  is  also  a  peculiar 
smoothness  and  regularity,  in  the  growth  alike  of  interstice  and 
dissepiment,  which  is  attained  by  none  of  the  other  species  and  is 
a  distinguishing  mark.  The  presence  of  three  or  four  pore-cells  in 
a  given  space,  the  dissepiments,  and  the  oblong  fenestrates  complete 

the  identity.  Prof.  M' Coy's  fine  drawing  of  this  species  is  taken  from 
a  partly  worn-down  specimen  in  which  the  sides  of  the  interstice  have 
become  sharp  and  angular,  and  the  keel  scarcely  visible ;  whereas  the 
interstice  should  have  been  full  and  rounded,  and  capped  with  a  ridge 
or  keel,  bearing  the  remains  of  spiny  projections,  while  on  either  side 
the  cells  stood  out  prominent  and  free. 

There  is  no  doubt  about  the  identity  of  this  species  with  Gorgonia 
antiqua,  Goklf.,  although  his  figure  is  drawn  from  a  much  weathered 
and  mutilated  fragment.  It  also  agrees  with  Fenestella  retiformis, 
Schloth.,  the  leading  Permian  species.  I  am  aware  that  a  contrary 
opinion  has  been  expressed.  Virtually  the  species  are  the  same. 
Phillips  was,  in  this  country,  the  first  to  give  a  descriptive  account 
of  it.  His  Fenestella  irregularis,  F.  undulata,  and  F.  jlustriformis 
are  all  different  portions  of  the  polyzoary,  under  somewhat  varying 
conditions  of  growth  and  preservation.  I  cannot  agree  with  Prof. 

H'Coy  in  assigning  Fenestella  Jlustriformis  to  Ptylqpora*  jlustri- 
formis.  As  figured  by  Phillips,  it  is  only  the  cast  in  limestone 
of  the  reverse  face ;  and,  as  such,  its  relationship  to  Ptylopora 
is  purely  conjectural.  Prof.  M'Coy  was  the  first  to  recognize  the 
importance  of  this  species,  and  to  do  justice  to  it  in  the  way 
of  description ;  and  hence,  although  not  its  author,  that  it  should 
retain  the  name  which  he  gave  to  it  is  generally  conceded.  In 

this  view  I  am  borne  out  by  Prof,  de  Koninck,  who  states  ''•  that 
Lonsdale  was  the  first  to  describe  this  species  as  Fenestella  fossula, 
but  that  his  description  was  incomplete,  and  insufficient  to  recognize 

it  with  certainty,  whilst  M'Coy's  description  was  full  and  accurate"*. 
Phillips's  notice  of  it  some  years  prior  to  that  of  Lonsdale  was  even 
more  incomplete.  For  the  foreign  synonyms  of  Fenestella  pleheia 
I  am  also  indebted  to  Prof,  de  Koninck's  work  on  the  Carboniferous 
Fossils  of  JSIew  South  Wales. 

Fexestelea  meilbeaxacea,  Phil.  Geol.  Yorks.  pi.  i.  figs.  1-6. 

Fenestella  flabellata,  Phill.  Geol.  Yorks.  pi.  i.  figs.  7-10. 
 hemispherica,  M'Coy,  Syn.  Carb.  Foss.  Irel.  pi.  xxix.  fig.  4. 
  IShumardii,  Prout,  Trans.  Acad.  St.  Louis,  p.  232. 
 tenuifila,  Phill.  Geol.  Yorks.  pi.  i.  figs.  23,  24,  25. 

Sjp.  char. — Base  cylindrical,  tapering  to  a  fine  point,  with  strong 
non-poriferous  rootlets  attached.  Tipper  part  widely  expanded. 
From  nine  to  twelve  inches  in  length,  and  five  to  eight  inches  in 
width.  Interstices  rounded,  straight,  in  parallel  lines,  keeled.  Dis- 

sepiments fine,  slightly  expanded  at  junction  with  interstice.  Fenes- 
trules  oblong,  slightly  wider  than  insterstice,  from  two  to  three  times 
as  long  as  wide.  At  one  inch  from  base,  five  dissepiments  in  the 
space  of  two  lines  measured  vertically,  and  eight  dissepiments  in 

*  Foss.  Pal.  Nouv.  Galles  du  Sud,  1877. 
Q.  J.  G.  S.  No.  146.  o 
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two  lines  transversely.  Fenestrules  gradually  increasing  in  size 
with  the  growth.  Pores  small,  round,  more  than  their  own  diameter 
apart,  placed  on  the  outer  face  of  the  polyzoarium.  At  the  base 
three  pores  within  the  length  of  a  fenestrule ;  in  the  upper  portion 
four  in  the  same  space. 

Ohs.  There  are  many  points  of  considerable  interest  attaching  to 
this  species.  In  shape  and  appearance  it  is  an  enlarged  type  of 
the  Silurian  species  generally,  and  particularly  of  my  Fenestella 
lineata.  It  is  the  only  representative  of  the  old  type  which  has 
survived  to  Carboniferous  times.  In  addition  to  its  shape,  it  has 
most  of  the  features  of  its  prototype,  viz.  interstices  seldom  bifurca- 

ting, proceeding  in  parallel  lines,  and  pores  on  outer  face  of  polyzoary. 
Its  early  growth,  from  a  minute  point,  was  a  tapering,  often  curved 
root-base,  from  which  grew  a  hollow  and  gradually  widening  cone, 
which  ultimately  expanded  in  slightly  folded  and  lobed  outlines 
around  the  aperture.  To  secure  in  position  so  fragile  a  structure, 
numerous  solid  rootlets  grew  from  various  points  of  the  base,  and 
attached  themselves  to  surrounding  objects.  Being  somewhat  cylin- 

drical, it  did  not  need  to  make  the  usual  amount  of  lateral  growth 
by  bifurcation,  as  in  the  ordinary  open  type  of  Carboniferous 
Fenestellce.  Owing  to  this  comparative  absence  of  bifurcation  in 
the  insterstice,  its  lines  are  singularly  regular,  forming  a  series  of 
parallel  rows.  Further,  its  lateral  growth  was  obtained  by  a  gradual 
enlargement  of  all  parts  of  the  structure,  proceeding  from  the  base 
upwards — so  much  so  that  while  at  the  base  four  fenestrules  may  be 
counted  in  one  line,  at  the  distance  of  two  inches  there  are  only  two 
in  the  same  space,  thus  doubling  the  circumference  of  the  polyzoary 
without  the  aid  of  division  of  the  interstice.  This  enlargement  in 
the  growth  is  more  or  less  persistent  throughout  the  polyzoarium, 
but  not  to  the  same  extent,  and  furnishes  at  once  a  key  to  the 
synonyms.  Accompanying  the  increased  growth,  an  additional 
pore-cell  may  be  noticed  between  the  dessepiments.  Thus  the 
difference  between  the  base  and  the  upper  portion,  both  as  to  size 
and  shape,  is  of  a  very  marked  character,  and  quite  accounts  for  the 
several  species  into  which  this  one  has  been  divided.  Phillips  was 
the  earliest  worker  at  it ;  he  named  the  extreme  base  Fenestella 
membranacea,  the  upper  and  enlarged  growth  Fenestella  flabellaia, 
and  the  more  delicately  formed  and  intermediate  portion  Fenestella 
tenuijila. 

I  have  alluded  to  the  fact  that  in  the  more  cylindrical  portion  of 
F.  membranacea  bifurcation  of  the  insterstice  was  arrested  in  part. 
At  times  a  variety  of  circumstances  may  have  hindered  the  longi- 

tudinal extension  of  the  polyzoary  ;  then  we  find  a  rapid  bifurcation 
which  gives  a  globose  outline  to  the  expansion,  and  the  form  is  then 

the  F.  hemisplierica  of  M'Coy,  while  all  its  other  details  as  to  the 
pores,  interstices,  &c.  clearly  point  to  its  identity  with  F.  membra- 

nacea, Phill. 
The  only  species  likely  to  be  confounded  with  the  foregoing  is  the 

F.  nodulosa  of  Phillips.  The  square  form  of  the  fenestrule  in  the 
latter  will  at  once  indicate  its  character. 
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Locality.  This  species  is  comparatively  rare  in  the  Mountain- 
Limestone  beds  of  England  and  Scotland,  and  very  abundant  in 
certain  localities  in  Ireland. 

Fenestella  nodulosa,  Phill.  Geol.  Yorks.  pi.  i.  figs.  31,  32,  33. 
Fenestella  bicdlulata,  E.  Eth.,  Jim.,  Mem.  Geol.  Surv.  Scotl.  Sheet 

23,  p.  101. 
 ■  frutex,  M'Coy,  Syn.  Garb.  Eoss.  Ireland,  pi.  xviii.  fig.  10. 
 Popeana,  Prout,  Trans.  Acad.  St.  Louis,  p.  229. 
 subretiformis,  Prout,  Trans.  Acad.  St.  Louis,  p.  233. 

Sjp.  char. — Polyzoarium,  early  growth  folia  ceous,  having  a  distinct 
stem  or  footstalk,  becoming  an  oval  or  circular  expansion.  Inter- 

stices regular,  rounded,  carinated  and  bifurcating  ;  remains  of  spiny 
processes  along  the  keel.  Dissepiments  thin,  rounded,  regular,  a 
little  arched  in  the  early  stage,  not  so  thick  as  interstices.  Fenes- 

trates square,  regular  in  the  early  growth,  four  fenestrules  in  the 
space  of  one  line  measured  longitudinally,  and  four  fenestrules  in 
the  same  space  measured  transversely.  In  the  later  and  upper 
growth  there  are  three  fenestrules  only  each  way  in  the  same 
measurements.  Cells  small,  round,  their  diameter  apart,  one  com- 

monly at  the  end  of  each  dissepiment,  and  one  between,  or  three 
to  each  f enestrule  :  this  is  in  the  early  growth ;  the  later  growth 
has  four  in  the  same  space.  When  the  cells  occur  in  the  angle 
formed  by  the  junction  of  dissepiment  with  insterstice,  the  former 
is  expanded  at  the  point.  This  feature  is  not  constant.  Cell-mouth, 
when  preserved,  nearly  on  a  level  with  the  keel. 

Obs.  This  is  a  very  marked  and  easily  recognized  species  ;  its 
square  fenestrules  and  the  round-wire-like  nature  of  the  interstices 
and  dissepiments  on  the  reverse  face  at  once  distinguish  it  from  all 
others.  In  mature  specimens  the  reverse  has  a  peculiar  and 
characteristic  nodular  aspect.  In  size  it  is  somewhat  minute, 
being  intermediate  between  Fenestella  membranacea,  Phil.,  and 

Fenestella  plebeia,  M'Coy.  Both  Phillips  and  Prof.  M'Coy  were 
unfortunate  in  the  fragments  which  they  selected  for  description  * 
it  is  not  surprising,  therefore,  that  when  a  good  representative 
specimen  was  found  it  should  be  described  as  a  new  species. 
Hence  by  far  the  best  description  of  Fenestella  nodulosa,  Phill.,  is 
that  given  for  Fenestella  bicellulata,  E.  Ether.,  jun. 

In  1874  Dr.  Young  and  Mr.  John  Young  announced  the  disco- 
very of  a  new  Carboniferous  polyzoon,  Actinostoma  fenestration,  in 

which  we  have  all  the  characters  hitherto  observed  by  Phillips,  Prof. 
M'Co}T,  and  Mr.  E.  Etheridge,  Jun.,  in  Fenestella  nodulosa,  with  the 
addition  of  the  cell-aperture  terminating  in  a  nipple-shaped  pro- 

jection, the  orifice  of  which  was  furnished  with  eight  radiate  denti- 
cles. To  regard  Actinostoma  as  the  full  development  of  F.  nodidosa 

seemed  the  right  course  :  as  such  I  alluded  to  it  in  my  former 
paper  on  the  Carboniferous  Eenestellidse.  Since  then  Mr.  Gr.  E.  Yine, 
a  most  accurate  observer  of  the  palaeozoic  polyzoa,  informs  me  that 
he  has  noticed  the  denticulate  cell-aperture  in  Fenestella  jplebeia, 
M'Cov;  while  recently  Mr.  John  Young,  F.Gr.S.,  in  a  paper  read 

o2 



184 G.  W.  SHRUBSOLE  FURTHER  jSTOTES  OX 

before  the  Glasgow  Natural-History  Society,  mentions  the  occurrence 
of  the  same  in  Fenestella  tenuifila,  Phill.  Thus  we  have  the  record 
of  this  peculiar  cell- aperture  in  two  if  not  three  species  of  Fenestella. 
Notwithstanding  this  evidence  in  favour  of  the  denticulate  aperture 
in  Fenestella,  I  now  hesitate  to  give  this  feature  wholly  or  in  part 
to  it,  since  I  made  the  discovery  that  some  of  the  species  of 
Glauconome  possessed  a  fenestration  not  very  dissimilar  to  that  of 
Fenestella,  and  might  easily,  in  a  fragmentary  condition,  be  mistaken 
for  it,  indeed  have  been  so.  There  is  no  doubt  about  the  fact  that 
some  of  the  species  of  Glauconome  have  the  denticulate  cell-mouth 
in  question — Glauconome  stellipora,  Young,  for  instance  ;  on  the 
other  hand,  it  is  not  equally  well  established  that  the  cell-mouth  of 
Fenestella  had  the  same  characters.  There  is  the  possibility  that 
some  of  the  fragments  of  reputed  Fenestella  upon  which  the 
denticulate  aperture  was  seen,  may  prove  to  have  belonged  to 
Glauconome.  This  discovery  of  the  fenestrate  polyzoary  in  Glau- 

conome considerably  complicates  the  question  of  the  nature  and 
relationship  of  the  palaeozoic  Polyzoa  ;  and  it  will  require  careful  ob- 

servation on  the  part  of  palaeontologists  to  work  out  the  distinctive 
characters  of  the  several  genera,  and  assign  to  the  various  species 
the  right  fenestration.  The  result  will  have  an  important  bearing 
upon  Glauconome,  more  than  on  Fenestella,  since  we  know  so  little 
of  the  life-form  of  the  former,  whereas  the  latter  is  better  under- 

stood. It  may  be  that  both  Glauconome  and  Fenestella  and  kindred 
Polyzoa,  possessed  the  denticulate  aperture.  It  is  so  far  certain, 
as  regards  Glauconome ;  it  may  ultimately  prove  to  be  true  of 
Fenestella.  But  for  the  present  I  consider  that  Glauconome  has 
absorbed  the  existing  evidence  of  the  peculiar  cell- aperture  in  favour 
of  its  claims.    The  other  problems  remain  to  be  worked  out. 

I  will  now  allude  to  a  connexion  which  has  become  apparent 
during  this  inquiry  between  Fenestella  nodulosa,  Phill.,  and  Palceo- 

coryne, a  hydrozoan  originally  described  by  Prof.  Martin  Duncan 
and  Mr.  Jenkins  from  the  Lower  Limestone  shales  of  Ayrshire. 
With  regard  to  my  facilities  for  observing  Palceocoryne,  I  may 
remark  that  it  was  described  *  from  specimens  washed  from  the 
shale,  a  process  necessarily  destructive  of  many  of  its  more 
delicate  and  distinctive  features.  All  the  specimens  in  my  posses- 

sion, on  the  contrary,  are  in  situ  on  the  shale  or  limestone  in  which 

they  were  found.  Prof.  Duncan,  speaking  of  it,  says  that  "  usually 
they  are  attached  by  a  dactylose  pseudo-cellular  base  to  the  margins 
of  the  polyzoaria  of  Fenestella}  "f.  My  observations  would  lead  me 
to  limit  the  attachment  of  Palceocoryne  to  one  species  of  Fenestella, 
viz.  Fenestella  nodulosa,  and  to  the  pore-face  generally,  rather  than 
the  margin  of  the  polyzoarium.  The  frequency  with  which  I 
noticed  this  association  of  Palceocoryne  with  Fenestella  nodulosa, 
led  me  to  go  carefully  over  my  collection,  and  ascertain  definitely 
the  particular  species  of  Fenestella  with  which  it  was  most  fre- 

quently allied.    The  result  was,  that,  out  of  ninety-seven  specimens 
*  Explan.  Sh.  23,  Geol.  Surv.  Scotland,  p.  96. 
t  Quart.  Journ.  Geol.  Soc.  vol.  xxix.  p.  413. 
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of  Palceocoryne,  eighty-five  are  either  attached  to  the  polypitc- 
face  of  Fenestella  nodulosa  or  associated  with  it,  while  twelve 
only  are  free  and  unattached.  In  no  one  instance  is  there  a  sus- 

picion that  the  species  is  any  other  than  the  one  mentioned.  Simi- 
lar evidence  to  this  I  get  in  another  way.  I  have  more  than  one 

hundred  specimens  of  F.  nodulosa  from  the  shales  of  Halkin 
Mountain,  but  out  of  them  not  one  example  showing  the  poriferous 
face ;  all  without  exception  present  to  view  the  reverse  side.  This 
I  explain  by  supposing  that,  as  it  is  on  the  poriferous  face  of  Fenes- 

tella that  Palceocoryne  finds  its  seat,  that  face  has  in  consequence 
held  the  more  firmly  of  the  two  to  the  shale.  This  is  really  so  ;  for 
the  base  of  it  may  be  detected  by  a  slight  bulging  of  the  polyzoary 
of  the  Fenestella,  and  its  presence  demonstrated  by  removing  a 
portion.  There  is  no  similar  difficulty  in  obtaining  the  obverse 
face  of  the  other  species  from  the  same  beds ;  nor  do  the  other 
species  present  the  appearance  on  the  reverse  face  which  I  have 
noticed  in  F.  nodulosa.  The  concurrence  of  these  two  species  may 
be  accidental :  but  I  scarcely  think  so ;  the  extent  of  its  occurrence 
is  not  in  favour  of  that  idea ;  so  that  I  think  we  may  conclude 
that  we  have  good  evidence  that  Palceocoryne  in  the  upper  beds  of 
the  Mountain  Limestone  is  exclusively  confined  to  the  polyzoary  of 
Fenestella  noclidosa,  Phill.  I  may  mention  that  I  have  found 
Palceocoryne  associated  with  F.  nodulosa  in  the  middle  beds  of 

the  Mountain-Limestone  series  of  ISiorth  "Wales,  and  also  directly seated  upon  the  poriferous  face  of  the  same  from  the  Calciferous 
Sandstones  of  Scotland.  I  have  previously  pointed  out  that  several 
inferior  organisms  are  parasitic  upon  or  incrust  the  polyzoaria  of  Fe- 

nestella, from  Silurian  times  upwards — such  as  Hemitrypa,  Aidopora, 
Alveolites,  and  Diastopora ;  and  now  Palceocoryne  has  to  be  added  to 
the  list.  In  the  case  of  the  previous  incrustations  there  is  no  doubt 
that  the  parallel  branches  of  the  Fenestella  afforded  suitable  base- 

lines for  the  attachment  of  the  incrusting  coral.  Whether  there 
was  any  thing  more  than  this  in  the  preference  shown  by  Palceo- 

coryne, is  one  of  the  problems  to  be  worked  out ;  and  it  will,  I 
have  no  doubt,  receive  due  attention  at  the  hands  of  Prof.  Martin 
Duncan,  to  whom  I  have  handed  over  my  specimens  of  Palceocoryne 
for  further  elucidation. 

Fenestella  polyporata,  Phill.  Geol.  Yorks.  pi.  i.  figs.  19,  20. 

Fenestella  midtiporata,  M'Coy,  Syn.  Carb.  Poss.  Irel.  pi.  xxviii. 
fig.9. 

 intermedia,  Prout,  Trans.  Acad.  St.  Louis,  p.  231. 
 variabilis,  Prout,  Trans.  Acad.  St.  Louis,  p.  231. 

Sp.  char. — Polyzoanwn  foliaceous  at  first,  arising  from  a  stem, 
ultimately  becoming  a  flat  circular  network.  Interstices  large, 
broad,  rounded,  keeled.  Dissepiments  thin,  one  third  the  thick- 

ness of  the  interstice,  somewhat  irregularly  placed,  not  expanding 
at  junction  with  interstice.  Fenestrules  large  and  elongated,  three 
times  as  long  as  wide.    Four  fenestrules  in  the  space  of  two  lines 
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measured  transversely,  and  two  fenestrules  in  the  space  of  two  lines 
longitudinally.  Keel  rounded  and  well  developed,  marked  along  its 
course  with  numerous  spiny  processes.  Pores  small  and  round, 
their  own  diameter  apart,  prominent  when  preserved,  from  five  to 
nine  in  the  length  of  a  fenestrule. 

Obs.  This  is  the  largest  species  of  Carboniferous  Fenestella,  as 
regards  the  size  of  its  interstice  and  fenestrules,  although  not  so  as 
to  the  ultimate  growth  of  its  polyzoary,  which  is  considerably  less 
than  that  of  F.  plebeia,  M'Coy.  This  peculiarity  at  once  dis- 

tinguishes it  from  an y  other  species.  It  is  subject  to  considerable 
variation,  and  will  be  met  with  both  larger  and  smaller  than  the 

one  described.  Prof.  M'Coy,  in  his  arrangement  of  the  Fenestellce, 
assigned  the  smaller  type  to  Phillips's  F.  polyporata,  and  the  type 
with  the  larger  development  and  greater  number  of  pores  he  de- 

scribed as  F.  multiporata  ;  but  as  both  conform  so  well  to  the  type  in 
other  respects,  there  is  no  reason  for  this  division.  This  species 
often,  on  the  reverse,  attains  to  the  size  and  character  of  some  of  the 
Folyporoe,  from  which  it  may  readily  be  known  by  having  only  a 
double  row  of  pore-cells. 

Fenestella  polyjporata  never  occurs  very  freely  in  any  locality,  but 
seems  generally  distributed  throughout  the  Carboniferous  strata. 

Pexestella  crassa,  M'Coy,  Syn.  Carb.  Eoss.  Irel.  pi.  xxix.  fig.  1. 

Fenestella  laxa,  Phill.  Geol.  Yorks.  pi.  i.  figs.  26-30. 
My  previous  notice  of  this  species  was  limited  to  the  extent  of 

showing  the  identity  in  character  between  the  species  respectively 
described  by  Phillips  and  Prof.  M'Coy  as  Fenestella  laxa  and 
Fenestella  crassa.  Since  then  a  wider  acquaintance  with  the  Car- 

boniferous Polyzoa,  and  more  especially  with  the  Irish  species  in  my 
possession,  has  caused  me  to  hesitate  about  including  it  among  the 
Fenestella?,  since  I  have  good  reason  for  believing  that  the  frag- 

ment which  has  been  described  as  such  will  be  ultimately  found 
to  belong  to  another  fenestrate  genus  of  Polyzoa.  The  original 
drawing  of  this  species  by  Phillips  clearly  included  two  species  of 
Polyzoa — one  a  Polypora  with  three  rows,  and  the  other  apparently 
a  Fenestella  with  two  rows  of  pores — the  latter  from  Ireland,  be  it 
remembered,  where  in  certain  localities  Ichihyorhachis  Ncivenhamii, 
M'Coy,  and  Glauconome  grandis,  M'Coy,  are  not  uncommon. 

Specimens  in  my  possession  lead  me  to  say  that  I  have  little 
doubt  of  being  able  to  show  that  the  fenestrated  form  described  as 
Fenestella  crassa,  M'Coy,  is  likely  to  prove  to  be  the  network  or 
polyzoary  of  one  or  other  of  the  above  species,  or  some  kindred 
form. 

A  glance  at  the  drawings  of  Fenestella  crassa  given  by  Prof.  M'Coy 
would  seem  to  confirm  this  view.  The  coarseness  of  the  interstice, 
and  irregularity  of  the  dissepiment  and  growth  generally,  are  not 
characteristic  of  the  Penesf  ellidge.  Its  true  affinities  have  yet  to  be 
ascertained.  Por  the  present  it  is  enough  to  say  that  its  claims  to 
be  considered  a  Fenestella  are  very  doubtful. 
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Fexestella  haekixexsis,  sp.  nov. 

JSp.  char. — Polyzoarium  a  flat,  oval,  or  circular  expansion,  folia- 
ceons  in  its  early  growth,  having  a  stem  and  expanded  root-base. 
Interstices  flat,  broad,  very  slightly  rounded,  keeled,  the  sides  often 
showing  a  flap  or  fringe.  Dissepiments  irregularly  placed,  very 
thin  in  early  stage,  gradually  thickening,  rarely  more  than  one 
third  of  the  thickness  of  the  interstice.  Fenestrules  elongated, 
becoming  oval  with  increased  growth,  four  in  the  space  of  two  lines 
measured  longitudinally,  and  six  in  the  same  space  transversely. 
Fores  small,  round,  often  twice  their  diameter  apart,  three  in  the 
length  of  a  fenestrule,  four  and  sometimes  five  in  the  later  and 
larger  growth.  Keel  a  narrow  round  wavy  line,  having  three 
nodes  in  the  length  of  a  fenestrule. 

This  species  at  first  sight  would  seem  to  have  a  strong  resem- 
blance to  Fenestella  plebeia,  which,  however,  is  soon  dispelled  by 

careful  scrutiny  ;  for  it  will  be  found  to  possess  scarcely  a  feature 
in  common.  Its  broad  flat  interstices  at  once  distinguish  it  from 
the  round  or  more  often  angular  stem  of  .P.  plebeia ;  while  the  greater 
distance  between  the  cell-pores,  and  the  thread-like  nature  of  the 
keel,  complete  the  distinction.  Again,  the  growth  of  F.  plebeia  is 
noticeable  for  its  regularity  and  smoothness,  while  T.  TiaXkinensis  is 
by  comparison  coarse  and  irregular.  The  root-base  of  F.  plebeia  is 
secured  in  position  by  numerous  rootlets  ;  while  F.  JiaT/cinensis  has 
a  broad,  expansive  and  adherent  base,  which  is  further  strengthened 
by  the  interstices  which,  in  favourable  positions,  directly  adhere  to 
the  rock  by  a  similar  flat  calcareous  base.  Its  expansion  was  not  only 
much  smaller  in  size  than  that  of  F.  jplebeia,  but  the  last  details  would 
seem  to  indicate  a  species  of  dissimilar  habits,  by  attaching  itself 
to  rock-surfaces  which  the  rootlets  of  F.  plebeia  would  fail  to  enter. 
The  affinities  of  this  new  species  are,  on  the  other  hand,  clearly  with 
Fenestella  poly porata,  Phill.,  rather  than  with  F.  plebeia.  It  has 
very  much  the  appearance  of  being  a  diminutive  variety  of  Fenes- 

tella polyporata,  especially  on  the  obverse  face. 
Locality.  Fairly  abundant  in  the  Cement-stone  Quarries  near  Pen 

yr  Wylfa,  Halkin  Mountain,  North  Wales. 
It  will  be  noticed  that  I  have  described  only  five  species  of 

Carboniferous  Fenestellce.  I  by  no  means  wish  it  to  be  understood 
that  I  do  not  believe  in  the  existence  of  species  other  than  those  I 
have  described.  Of  these  F.  plebeia,  M'Coy,  F.  nodulosa,  Phill., 
F.  polyporata,  Phill.,  and  F.  membranacea,  Phill.,  are  really  the 
principal  and  prevailing  forms,  and  will  be  found  in  more  or  less 
abundance  in  association  with  other  Polyzoa,  from  the  Calciferous 
Sandstones  of  Scotland  to  the  topmost  beds  of  the  Mountain- 

Limestone  series  of  North  "Wales  and  elsewhere.  The  only  partial exception  to  the  rule  is  Fenestella  membranacea,  Phill.,  which  is 
either  absent  or  not  so  abundant  at  certain  points  and  localities. 
Having  proved  the  existence  and  association  of  these  species  at 
various  horizons  in  the  Carboniferous  series,  I  speak  confidently  as 
to  the  fact  that  the  leading  species  of  the  Carboniferous  Fenestellce 
are  few  in  number,  while  the  reputed  species  are  made  up  from  the 
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mutilated  and  altered  fragments  of  the  polyzoarium  in  all  stages  of 
its  growth,  not  only  of  Fenestella,  but  of  Ptylopora,  Glauconome, 
and  IcJitJij/orhachis,  all  of  which  presented  a  reticulated  character., 
which  under  certain  conditions  might  have  been  (and,  indeed,  has 
been)  mistaken  for  that  of  Fenestella.  Hitherto  it  has  been  the  practice 
to  assign  any  free  fenestrate  fragment  of  a  polyzoan  to  Fenestella. 
With  the  discovery  to  which  I  have  alluded,  that  Fenestella  was  not 
singular  in  possessing  a  fenestrate  polyzoary,  the  error  of  that 
method  of  determining  polyzoan  fragments  becomes  apparent. 

The  few  species  to  which  I  have  reduced  the  British  Carboniferous 
Eenestellidae  is,  I  find,  in  perfect  agreement  with  the  results  arrived 
at  on  the  American  continent.  Prout  has  published  *  a  list  of  eight 
species  of  Fenestella  from  the  Carboniferous  rocks  of  North  America  ; 
although  no  plates  are  given,  the  details  of  the  species  are  so  minute 
as  to  leave  nothing  to  be  desired  in  the  way  of  description.  Of 
these  eight  species  there  is  only  one  (Fenestella  Norwoodiana)  that 
has  any  claim  to  be  considered  a  new  species  ;  they  correspond  exactly 
Avith  the  types  of  our  various  English  species.  Prout  did  his  work 

without  the  aid  of  Prof.  M'Coy's  book  on  the  Carboniferous  Eossils 
of  Ireland,  in  which  the  Eencstellidoe  are  for  the  first  time 

adequately  described.  The  result  of  Prout's  independent  research, 
apparently  with  ample  material,  is  that  only  five  good  species  are 
made  out.  These  American  synonyms  I  have  placed  for  the  first 
time  under  their  respective  English  species. 

There  are  possibly  a  local  species  or  two  of  Fenestella  which  I 
have  not  described.  Fenestella  liallcinensis  is  one  of  these  local 
forms.  I  have  not  met  with  it  elsewhere  than  at  Halkin  Mountain. 
These  local  species  require  to  be  very  carefully  worked  out  before 
they  can  be  definitely  pronounced  to  belong  to  the  Eenestellidse.  I 
would  suggest,  with  a  view  to  the  prevention  of  a  needless  mul- 

tiplication of  species  of  Fenestella  in  the  future,  that,  before  descri- 
bing a  new  species,  the  nature  of  the  attachment  of  the  fenestration 

should  be  definitely  ascertained,  whether  to  a  root-stalk  with  root- 
lets, as  in  Fenestella,  or  to  a  midrib  or  stem,  as  in  Ftylopora  and 

Glauconome .  Nor  do  I  consider  this  standard  too  high.  I  have 
adopted  it  with  the  five  species  which  I  have  described.  Owing  to 
the  complicated  surroundings  which  I  have  shown  to  be  connected 
with  Fenestella  and  the  forms  allied  to  it,  I  am  strongly  of  opinion 
that  some  such  course  of  procedure  is  necessary. 

The  following  table  of  the  measurements  of  the  leading  features  in 
the  several  Fenestellce  will  be  found  of  considerable  service  in  es- 

tablishing their  identity. 

*  Trans.  Acad.  St.  Louis,  vol.  i.  p.  228-236. 
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Species. 

dumber 
of  pores between 
dissepi- ments. 

Shape  of fenestrule. 

Number 

of  fenes- trates in. 
two  lines 

trans- 
versely. 

Number 

of  fenes- trules  in 
two  lines 

longitu- 
dinally. 

Fenestella  plcbcia,  M'Coy... 
 racmbranaeca,  Phill.... 3-4 3-4 

3-4 
6-9 
3-4 

Oral. Oblong. 

Square. Elongate. 
Elongate. 

6 
8 

6-8 
4 
6 

t 

6-8 2 
4  polyporata,  Phill  

 halkinensis,  Shrubsole 

Discussion. 

The  President  stated  that  this  group,  which  ranged  from  the 
Llandeilo  to  the  Permian,  is  often  represented  by  very  imperfect 
specimens,  and  that  there  is  great  difficulty  in  discriminating  the 
forms.  Nowhere  are  they  so  well  preserved  as  in  the  Carboniferous 
rocks  of  Flintshire  and  Scotland. 

Dr.  Mtjeie  spoke  of  the  value  of  the  method  adopted  Toy  the 
author  in  studying  the  varieties  of  growth  and  development  in  each 
species. 

Prof.  Seelet  regarded  the  principle  on  which  the  author  had 
worked  as  a  very  sound  one,  and  he  thought  that  such  revisions  of 
certain  life-groups  were  calculated  to  be  of  the  greatest  service  to 
geology. 

The  President  remarked  upon  the  difficulty  that  arises  from  the 

fact  that  man}*  type  specimens  are  inaccessible  for  reference.  He 
deprecated  the  creation  of  new  specific  names  before  a  rigid  com- 

parison had  been  made  with  the  old  ones. 



190 PROF.  P.  IT.  DUNCAN  ON"  THE 

14.  On  the  Corallieerotts  Series  of  Sind,  and  its  Connexion  with 

the  last  Upheaval  of  the  Himalayas.  By  Prof.  P.  Martin- 
Duncan,  M.B.  Lond.,  P.R.S.,  E.L.S.,  &c.  (Read  February  2, 
1881.) 

Contents. 

I.  Introduction :  the  History  of  the  Geology  of  Sind  ;  Questions  involved. 
II.  The  Stratigraphical  Position  of  the  Series  and  of  the  Ossiferous  Manchhar 

deposits. 
III.  General  Results  regarding  the  Alliances  and  Peculiarities  of  the  Corals  of 

the  Series.  The  Prenummulitie,  JSTumnmlitic,  Oligocene,  and  Miocene 
Coral-faunas  of  Sind. 

IV.  The  Equivalence  of  the  Manchhar  and  Sivalik  deposits. 
V.  General  Considerations  regarding  the  Age  of  the  last  Himalayan  Uplift. 

I.  Introduction  §c. 

A  memoir  by  Grant,  illustrated  by  Sowerby,  which  appeared  in  the 

4  Transactions'  of  the  Geological  Society  (series  2,  vol.  v.  1837),  first 
brought  the  countries  west  and  east  of  the  Indus  under  the  notice 
of  European  geologists.  Fossils  from  Sind,  Baluchistan,  and  Cutch 
were  therein  described ;  and  the  types  were  presented  to  the  Society. 
But  it  is  to  Mr.  Yicary  that  science  owes  the  first  attempt  at  a  com- 

plete description  of  the  geology  of  Sind  *.  "Written  in  1847,  the fossils  which  should  have  illustrated  his  paper,  and  some  others 
collected  by  Lieut.  Blagrove  in  Cutch,  were  handed  over  to 

MM.  d'Archiac  and  Jules  Haime  for  examination  and  publica- 
tion. Their  fine  work,  the  '  Description  des  Animaux  Eossiles  du 

groupe  Nummulitique  de  l'lnde,'  was  published  in  1852.  They  only 
recognized  one  geological  horizon,  the  Nummulitic,  although  Grant 
had  expressed  an  opinion  that  there  was  more  than  one  fossili- 
ferous  series.  Messrs.  Cook  and  Carter  added  to  the  knowledge  of 
the  Baluchistan  area  in  1860  f  ;  and  the  last-named  naturalist  felt 
it  necessaiy  to  give  a  Miocene  age  to  some  fossils  which  Sowerby 
had  figured  for  Grant.  On  the  other  hand,  MM.  dArchiac  and 

Jules  Haime  severely  criticised  M.  d'Orbigny  for  stating  that  some 
of  their  Sindian  species  were  of  Palunian  age,  and  decided  against 

Dr.  Carter's  grouping  of  some  of  the  marine  Tertiary  beds  as Miocene  £. 

In  1863  Mr.  Henry  M.  Jenkins,  E.G.S.,  at  that  time  Assistant- 
Secretary  of  this  Society,  and  myself  were  endeavouring  to  learn 
something  about  Tertiary  deposits  situated  as  remotely  as  possible 
from  European  types. 

A  collection  of  Mollusca  and  Corals  from  Java  had  been  sent  to 
the  Society  by  M.  de  Groot ;  and  we  proceeded  to  examine  them ; 
and  in  order  to  determine  the  affinities  of  some,  which  seemed  to  be  of 
younger  age  than  the  xSfummulitic,  it  became  necessary  to  study  the 

work  of  MM.  d'Archiac  and  Haime  on  India  and  to  examine  their  types. 
We  found  that  there  was  a  species  in  Java  which  my  friend  called 
*  Quart.  Journ.  Geol.  Soc.  1847,  vol.  iii.  p.  334. 
t  Cook,  Trans.  Med.  Phys.  Soc.  Bombay,  vol.  vi.  pp.  1-45;  Carter,  Journ. 

Bombay  Royal  Asiatic  Society,  vol.  vi.  p.  184. 
\  See  Carter,  Geol.  Papers  on  Western  India,  pp.  628-770,  and  the  general 

resume  in  their  work  already  noticed. 
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Vicarya  callosa,  and  that  it  was  closely  allied  (the  distinctions  being 

only  of  ornament)  to  Vicarya  Verneuilii,  D'Arch.,  from  Sind. 
This  Vicarya  of  Java  was  associated  with  species  which  are  closely 

allied  to  those  of  the  Miocene  of  Western  and  Eastern  Europe. 
A  Coral  (Heliastrcm  HerTdotzi,  Dune.)  from  Java  resembled  the 

Miocene  Heliastrseans  more  than  those  of  the  Eocene*. 
Eollowiug  up  the  subject  carefully,  I  examined  all  the  collections 

submitted  to  MM.  d'Archiac  and  Jules  Haime ;  and  to  my  surprise  I 
found  that  they  had  neglected  many  specimens  which  had  not  only 
a  Miocene  but  even  a  Pliocene  facies.  The  identity  of  some  species 

with  members  of  the  "West-Indian  Miocene  Coral-fauna  was  tolerably 
evident;  and  whilst  admitting  the  similarity  of  the  mineral  con- 

dition of  all  the  fossils,  I  divided  the  genera  into  those  which  else- 
where are  found  in  Eocene,  Miocene,  and  Pliocene  formations. 

During  the  following  yearf  I  examined  and  described  twenty- 
six  species  of  Corals  from  Sind,  from  unknown  geological  horizons 

near  Karachi.  Some  had  been  previously  described  by  D'Archiac 
and  Haime  ;  but  the  bulk  had  not.  The  evidence  of  the  existence  of 
three  Tertiary  deposits  instead  of  one  seemed  overwhelming. 

Subsequently  the  Geological  Surveyors  of  India,  Mr.  W.  T. 
Blanford,  E.R.S.,  and  Mr.  Eedden,  made  an  elaborate  survey  of 
Upper  and  Lower  Sind,  and  Messrs.  Wynne  and  Eedden  of  Cuteh. I 

In  the  last-mentioned  district  fossils  were  found  which  proved 
the  equivalency  of  the  deposits  with  those  of  Sind,  and  that  there 
was  a  higher  Tertiary  horizon  than  the  rsumniulitic. 

The  Corals  collected  in  Sind  by  the  Survey,  under  the  superinten- 
dence of  Messrs.  Blanford  and  Eedden.  and  carefully  marked  with 

figures  denoting  their  geological  horizons,  were  sent  to  me  by  Mr. 
Medlicott,  E.R.S.,  the  present  Superintendent  of  the  Survey,  so  that 
they  might  be  described  in  a  volume  of  the  '  Paheontologia  Indica: 

But  simple  description  was  not  all  the  requirement  of  the  Survey 
and  myself.  Certain  questions  of  great  importance  had  arisen  in 
the  geology  of  India ;  and  it  was  probable  that  the  determination  of 
the  age  of  the  coralliferous  strata  would  assist  in  deciding  the  ages 
of  the  Himalayan  upheaval,  of  the  Sivalik  deposits,  and  of  certain 
olive  shales  underlying  a  trap  at  the  base  of  the  Nummulitic  series — 
questions  which  had  been  attempted  and  had  been  answered  by 
Messrs.  Medlicott,  Blanford,  and  Lydekker,  and  which  required 
some  confirmatory  evidence. 

There  was  another  reason  why  I  should  be  honoured  by  the  Geo- 
logical Survey  of  India  asking  me  to  undertake  the  description  of 

their  splendid  collection  of  fossil  Corals  from  Sind.  In  my  Presi- 
dential Address  for  the  year  1878  I  criticised  the  opinions  of  my 

friends  Messrs.  Medlicott  and  Blanford  regarding  the  age  of  the 
Himalayas,  and  inferred  that  their  decision  regarding  the  Post- 
pliocene  date  of  the  so-called  Kerbudda  fauna,  was  influenced  by 
the  discovery  of  a  human  implement  in  the  containing  deposit. 

They  took  the  very  philosophical  course  of  affording  me  the  means 
of  converting  myself  to  their  opinions. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xx.  p.  45. 
t  Ann.  &  Mag.  Nat.  Hist.,  April  1864  (Fossil  Corals  from  Sind). 
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The  description  of  the  Corals  has  "been  published  in  a  volume  of 
the  £  Palseontologia  Indica;'  and  although  the  evidence  regarding  a 
Pliocene  marine  fauna  failed,  there  is  no  doubt  about  the  former  ex- 

istence of  Lower  and  Middle  Tertiary  coralliferous  deposits  in  Sind. 

II.  The  Stratigraphical  Position  of  the  Series  and  of  the  Ossiferous 
Manchha  r  Deposits. 

The  detailed  description  of  the  geology  of  Western  Sind  is  to  be 
found  in  the  Memoirs  of  the  Geological  Survey  of  India,  vol.  xvii. 
part  1  (1879),  by  \V.  T.  Blanford,  F.R.S.  &c,  Deputy  Superintendent 
of  the  Geological  Survey  of  India  ;  and  it  is  therefore  only  necessary  ■ 
to  explain  those  parts  of  it  which  relate  to  the  general  succession  of  the 
stratigraphical  series  and  the  position  of  the  strata  yielding  Corals. 

The  mountain-ranges  west  of  the  Indus  run  nearly  north  and 
south,  in  irregular  parallel  series.  The  longest  range,  the  Khirthar, 
is  slightly  curved,  the  concavity  being  to  the  east ;  and  it  extends 

from  slightly  south  of  26°  N.  lat.  to  close  to  28°  IsT.  lat.  The  Laid 
range,  more  to  the  east,  is  nearly  coincident  with  the  sixty-eighth 
parallel  of  east  longitude,  and  extends  from  the  Indus  north  of 

26°  NT.  lat.  to  nearly  a  degree  to  the  south.  Other  minor  but 
nearly  north-and-south  ranges  occur;  and  the  whole  were  com- 

prised by  MM.  d'Archiac  and  Haime  under  the  title  of  the  Hala 
range  (a  name  unknown  to  the  natives). 

The  following  is  the  list  of  geological  formations  in  Western 
Sind,  and  which  are  to  be  recognized  in  one  or  other  of  the  moun- 

tain-ranges * : — 

Group. Subdivisions. Approximate Thickness. Age. 
Kemarks. 

Alluvial   

Manciiiiar...  I 

Gaj   

Nam   

Khirthau  . 

Eanikot  

Upper Lower. 

Upper 

Lower. 

Upper 
Lower. 

feet. 
? 

5000  '  
3000-5000.., 

1000-1500.. 

4000-G000  I 

Post-Tertiary. 
Pliocene  
Old  Pliocene  or 

Upper  Miocene. Miocene  

Trap 

Cretaceous  .  A 

Cardita  Beau- 
monti  beds. 

Sandstones . . 
Limestones 
with  Hip- 
purites. 

100-1500 

500-3000.. 

6000! 
2000 

Oligocene. 

Nummulitic 

40-90... 
350-450 

700, 
320. 

Lower  Nummu- litic. 

Deccan  Trap. 
Transition  beds  . . 

Cretaceous. 

Unfossiliferous. 
Vertebrate  remains. 

Coralliferous ;  no 
Nummulites. 

Unfossiliferous. 

Coralliferous,  with 
Nummulites  garan- sensis. 

Nummulitic  lime stone. 

Unfossiliferous. 
Fossiliferous. 
Corals  and  Nummu- lites. 

Fossiliferous. 

Horizon  not  deter- mined. 

From  the  Memoir  by  Blanford,  p.  32,  slightly  modified. 
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Explanatory  Sections. — In  the  Laki  range,  south-west  of  Amri 
on  the  Indus,  arc  dark-coloured  hills  which  contrast  with  the  cliffs 
of  grey  and  white  jNiiminulitic  limestone  behind  them.  A  section 

close  to  the  hill  called  Barrah  is  given  by  "W.  T.  Blanford,  F.E.S. ; and  it  shows  that  the  range  consists  of  three  parallel  ridges  (see  fig.  1, 
p.  194). 

The  outer,  to  the  east,  is  composed  of  Tertiary  rocks,  while  the 
intermediate  one  consists  of  Cretaceous  beds  faulted  to  the  eastward 
against  the  Lower  Eocene  strata,  and  clipping  under  them  to  the 
westward. 

This  section  shows  the  normal  sequence  of  the  groups  of  strata 
from  the  Cretaceous  to  the  Khirthar  inclusive.  Above  the  Isummu- 
litic  limestone  of  this  last  group  the  I^ari  and  Gaj  series  are  wanting, 
and  the  Ivlanchhar  succeeds*. 

On  the  Gaj  river,  in  the  Ehirthar  range,  W.  T.  Blanford  remarks 
that  a  thickness  of  at  least  25,000  feet  of  strata  is  exposed  (see 
fig.  2,  p.  194).  The  succession  from  west  to  east  is  : — unfossiliferous 
strata,  probably  of  Cretaceous  age,  followed  by  Khirthar  strata  (the 
Eanikot  series,  the  lowest  Eocene,  being  absent) ;  then  the  lower 
and  upper  JSTari  series  come  in,  and  are  followed  by  the  Gaj  and 
the  Manchhar  deposits. 

The  lowest  coralliferous  deposits  occur  in  the  soft  olive  shales  and 
sandstones  with  volcanic  ash,  belonging  to  the  Cardita  Beaumonti 
series  below  the  trap.  The  accompanying  remains  are  those  of 
Amphiccelian  Crocodilia  and  Echinodermata ;  and  the  deposit  was 
neither  a  reef-structure  nor  a  deep-water  one. 

The  lower  part  of  the  Eanikot  series,  resting  immediately  on  the 
trap,  consists  of  soft  sandstones,  shales,  clays  with  gypsum  and  lignite, 
and  pyritous  shale.  A  few  fragments  of  bones  and  some  dicoty- 

ledonous leaves  occur.  These  freshwater  strata  are  succeeded  by 
highly  fossiliferous  marine  limestones,  often  brown  in  colour,  inter- 
stratified  with  sandstones,  shales,  clays,  and  ferruginous  bands. 

Kummulites  appear  for  the  first  time,  and  there  is  a  grand  develop- 
ment of  Corals,  Echinodermata,  Gasteropoda,  and  Cephalopoda.  It 

was  not  a  very  deep-water  formation.  Erosion  of  the  surface  of  the 
Eanikot  strata  occurred  before  the  deposition  of  the  next  series. 

The  Khirthar  series  inclnd.es  in  its  highest  portion  a  massive,  pale 
or  dark  grey,  hard,  compact  jSTummulitic  limestone  whose  extreme 
thickness  is  3000  feet.  It  thins  out  to  the  south-west,  and  disap- 

pears within  a  distance  of  twenty-five  miles  of  its  greatest  develop- 
ment. Other  ISFummulitic  limestone -beds  are  found,  which  may  be 

lower  in  the  series  ;  and  they  and  the  main  group  are  represented 
elsewhere  by  shaly  limestones  and  sandstones  with  calcareous  bands. 
In  some  districts  flint  occurs  in  a  limestone  with  Alveolince.  The 

lower  members  of  the  series  are  often  wanting,  and  are  well  repre- 
sented by  shales,  marls,  and  sandstones  and  where  these  are  present ; 

unconformity  with  the  underlying  .Eanikot  beds  is  not  seen ;  but 
where  they  are  absent  the  j^ummulitic  limestone  (as  in  the  Laki 
range)  rests  unconformably.  The  compact  limestone  is  of  course 

-*  Memoirs  Geol.  Survey  of  India,  vol.  xvii,  pt.  1,  p.  131. 
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highly  fossiliferous ;  but  it  has  not  yielded  very  good  specimens  of 
Corals.  The  indications  of  a  fringing-reef-buildirig  fauna,  or  a  bank 
of  coral,  are  distinct ;  but  the  species  when  compared  with  their 
modern  analogues  do  not  indicate  a  great  reef-development. 
Amongst  other  fossils,  Lamellibranchiata  prevail,  and  the  Echini  are 
numerous;  but  the  jNumnnilitcs  and  Orbitolites,  Alveolince,  and 
Patellince  are  the  most  important  organic  remains.  Amongst  the 

Nummiilites  there  are  N.  Bamondi,  iV".  biaritzensis,  iV.  Beaumonti, 
N.  granulosus,  and  N.  Leymeriei. 

The  ]STari  series  rests  conformably  on  the  Khirthars  ;  and  there  is 
occasionally  an  apparent  passage  from  the  Khirthar  limestone  into  a 
yellow  or  brown  rock  of  the  ISTari  group.  There  is,  however,  a 
biological  break ;  for  the  Juimmulites  of  the  upper  group  aro 
characteristic,  and  differ  from  those  of  the  lower.  The  Khirthar 
forms  are  not  found,  and  Nummidites  garansensis  appears  with  Orbi- 
toides  pevpyracea,  in  the  j^ari  series.  The  rock  is  a  limestone  with 
intercalations  of  sandstones  and  shales.  As  a  rule,  shales,  tine  sand- 

stones, and  occasional  bands  of  limestone  form  the  base  of  the  Kari 
group,  and  pass  upwards  into  coarse,  massive,  thick-bedded  sand- 

stones, attaining  a  thickness  of  from  4000  to  5000  feet  on  the  eastern 
flank  of  the  Khirthar  range. 

A  local  break  occurs  to  the  south,  and  the  Upper  Nari  beds  rest 
unconformable  on  the  denuded  edges  of  the  Lower  Nari  brown 
limestones  ;  and  still  further  south,  fifty  miles  east  of  Karachi,  there 
is  a  well-marked  distinction  between  the  upper  members  of  the 
group  with  Orbitoides  papyracea  and  the  lower  with  Nummidites 
garansensis ;  and  in  one  locality  the  upper  member  overlaps  the 
lower,  and  rests  on  Khirthar  limestone. 

To  the  east  of  the  Laki  range  the  ISTari  beds  are  wanting,  and  the 
Manchhar  series  rests  unconformably  on  the  Khirthar,  with  some 
pebble-beds  of  the  Gaj  series  intervening.  But  to  the  west  of  the 
range  the  Nari  and  the  Gaj  series  are  found  in  their  normal  sequence  ; 
and  towards  the  coast  the  exact  distinction  which  can  be  drawn 

elsewhere,  stratigraphically  and  petrologicaUy,  between  the  Ter- 
tiary series  is  not  possible :  this  is  mainly  due  to  the  disappear- 
ance of  the  limestone  element  of  the  Khirthar  and  ISTari  series,  and 

to  the  prevalence  of  sandstones  and  shales.  The  fossils,  however, 
distinguish  the  groups  •  but  the  horizons  of  the  zones  of  jNurnmu- 
lites  and  Orbitoides  vary,  being  higher  or  lower  in  their  proper  series 
according  to  locality. 

The  upper  sandstones  of  the  iSTari  group  have  not  yielded  marine 
fossils,  and  in  Upper  Sind  they  contain  the  remains  of  plants. 

The  J^ummulites  become  fewer  in  their  species  at  the  base  of  the 

!N~ari  group,  and  cease  to  be  found  in  the  lower  beds  of  the  suc- ceeding series,  the  Gaj. 
The  Gaj  group,  with  a  base  of  highly  fossiliferous  limestones  and 

calcareous  beds,  more  or  less  shaly  and  stratified,  overlies  the  softer 
shales  and  sandstones  of  the  Kari  series.  The  development  of  the 
calcareous  series  is  great ;  but  it  is  subordinate  to  an  arenaceous 
element.    The  sandstones  are  intercalated  with  clays  with  gypsum ; 
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and  shales  and  bands  of  limestone,  highly  coralliferous,  are  very 
constant. 

The  Gaj  series  rests  conformably  on  the  ISTari  series;  although 
there  is  a  mineralogical  break,  the  passage  is  so  gradual  that  cal- 

careous bands  of  the  Gaj  series  are  found  interstratified  with  the 
uppermost  Nari  sandstone.  The  Gaj  series  overlaps  the  JSTari  to  the 
south  and  rests  on  the  Khirthars,  and  is  wanting  in  Lower  Sind  to 
the  eastward  of  the  Laid  range. 

Korth-east  of  Karachi  the  series  is  highly  developed,  and  massive 
limestones  occur ;  they  reach  as  far  as  the  coast. 

The  uppermost  beds  of  the  Gaj  series  are  variegated  clays  and 
grey  sandstones,  which  form  a  passage  into  the  everlying  Manchhar 
strata,  and  contain  species  of  Ostrea,  Corbula,  Area,  Scalaria, 
Buccinmn,  and  Turritella.  A  crab  of  the  genus  Typilobus  and  the 
Vicarya  Verneuilii  already  noticed  have  also  been  found  there. 
The  oyster  is  like  Ostrea  multicostata.  The  Echinoderms  are  of  the 
genera  Maretia,  Meoma,  Breynia,  Clypeaster,  &c.  The  Corals  found, 
principally  associated  with  the  limestone-beds,  are  very  different  in 
their  aspect  from  those  of  the  underlying  JSTari  group.  They  belong 
for  the  most  part  to  reef-building  genera,  and  some  are  represented 
in  modern  reefs  by  allied  species,  which  grow  in  the  surf  and  in  the 
most  exposed  parts.  The  rest  were  dwellers  in  quiet  water.  Great 
masses  of  the  coral  limestone  consist  of  StepJianocoenia  maxima  in 
casts,  and  the  presence  of  the  genera  Madrepora,  Haliastrcea,  and 
Porites  is  very  significant  of  shallow-water  conditions. 

E.esting  on  the  Gaj  strata  is  the  Manchhar  group ;  and  where  the 
Gaj  beds  are  wanting,  and  even  where  the  Nari  series  is  deficient, 
this  upper  group  rests  on  the  Khirthars. 

Of  great  thickness  (10,000  feet  on  the  flanks  of  the  Khirthar  range) 
the  Manchhar  series  is  divisible  into  an  upper  and  a  lower  group.  In 
the  lower  group  much  grey  sandstone,  soft  and  fine-grained,  and 
composed  of  quartz  with  some  felspar  and  hornblende,  is  found ;  and 
red  sandstones  and  conglomeratic  beds  exist  towards  the  base,  as 
well  as  red,  brown,  and  grey  clays.  The  conglomerates  do  not 
contain  pebbles  of  older  Tertiary  rocks ;  but  cream-coloured  clay, 
soft  sandstone,  quartzite,  and  micaceous  shale  are  found  in  them. 
The  conglomerates  near  the  base  are  ossiferous  ;  and  the  vertebrate 
remains  are  teeth  or  bones  more  or  less  rolled.  There  is  no  satis- 

factory distinction  to  be  made  on  the  Gaj  river  between  the  estua- 
rine  beds  at  the  top  of  the  Gaj  series  and  the  lowest  beds  of  the 
Manchhar ;  and  osseous  remains  have  been  found  in  the  upper  Gaj 
series. 

The  upper  part  of  the  Manchhars  has  a  conglomerate  in  it  with 
stones  derived  from  the  older  tertiaries  ;  below  it  are  red,  brown,  or 
buff  sandstones,  with  some  clays  ;  and  there  are  no  fossils. 

Although  usually  conformable  to  the  Gaj  series,  in  places  the 
Manchhars  rest  on  the  older  rocks ;  and  there  are  proofs  of  the  Gaj 
strata  having  been  greatly  denuded  before  the  deposition  of  the 
Manchhars. 

In  the  Laki  range  the  Manchhars  have  an  ossiferous  conglo- 
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merate  near  the  base.  In  the  Yero  plain,  running  southward  along 
the  eastern  side  of  the  Laki  range,  south  of  Banikot,  large  frag- 

ments of  silicified  wood  are  common,  and  some  trunks  of  trees  are 
upwards  of  30  feet  in  length  and  10  in  girth.  In  the  south,  near 
Karachi,  the  Manchhars  pass  into  Gaj  strata,  and  marine  fossils  are 
associated  with  the  lowest  beds. 

The  general  conformity  of  this  great  tertiary  series  is  evident — 
although  local  unconformities  occur,  and  there  is  evidence  in 
favour  of  there  having  been  some  disturbance  of  the  older  rocks 
before  the  deposition  of  the  Lower  Manchhar  group.  The  sub- 

sidence which  took  place  during  the  deposition  of  these  thick  shallow- 
water  deposits  was  vast ;  and  there  were  occasional  slight  upheavals* 
The  final  epoch  of  the  mountain-formation  occurred  after  the  depo- 

sition of  the  Manchhars.  The  strike  of  the  chains  is  in  the  main 
north  and  south ;  and  the  thrust  came  from  the  west  to  the  east,  and 
from  east  to  west. 

The  date  of  the  grand  mountain-formation  is  subsequent  to  the 
deposition  of  the  sedimentary  strata  forming  the  Upper  Manchhars. 

III.  General  Results  of  the  Study  of  the  Corals  of  the  Series. 

The  Corals  of  the  strata  with  Cardita  Beaumonti  below  the  trap, 
are  shallow-water  forms ;  and  their  development  indicates  conditions 
unfavourable  to  vigorous  coral-growth.  There  was  no  reef.  The 
species  are  new ;  and  there  are  no  characteristic  Cretaceous  or  Eocene- 
forms  present.  The  Smilotrochi  and  the  Rhabdophyllice  are  Secondary 
genera;  but  the  first-named  had  species  in  the  European  Tertiaries,  and 
may  be  represented  in  the  shallow  seas  of  the  present  day.  The  Cary- 
ophyllice  of  the  deposit  have  four  cycles  of  septa  only ;  and  this  gives 
them  somewhat  an  ancient  look  ;  and  the  Litharcea  would  pass  either 
as  a  Cretaceous  or  as  an  Eocene  form. 

The  fauna  as  a  whole  is  deficient  in  characteristic  forms,  and  may 
be  considered  transitional. 

It  has  been  stated  by  the  Geological  Surveyors  that  the  trap  re- 
sembles the  Deccan  and  Malwa  trap;  and  the  position  of  that  vast 

outburst  is  anterior  to  the  Nummulitic  age,  and  subsequent  to  some 
Cretaceous  strata  in  Western  Central  India.  Certainly  there  are  no 
Nummulites  in  the  sands  and  shales  which  contain  the  fossils  ;  and 
these  are  the  remains  of  a  Cretaceous  crustacean. 

The  Corals  of  the  Eanikot  group  are  numerous  in  genera  and 
species  ;  and  the  fauna  is  remarkable  for  the  number  of  simple  forms 
it  contains,  and  for  the  predominance  of  the  family  Eungidse. 

The  compound  Corals  of  the  family  Astrseidse,  which  so  largely 
enter  and  have  entered  into  the  composition  of  reefs,  are  but  feebly 
represented ;  and  the  few  species  which  have  been  described  did  not 
aggregate  to  form  massive  limestones,  but  were  seated  on  small  flat 
circular  epithecate  bases.  Eine  as  were  many  of  the  growths,  yet 
it  was  a  stunted  Coral-fauna;  and  the  shape  of  the  majority  of  the 
forms  would  rather  indicate  that  they  lived  in  still  water,  and  not 
in  the  rush  of  the  waves.    Certainly  the  Corals  were  beyond  the 

Q.  J.  Gr.  S.  No.  146.  p 
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rolling  or  scouring  action  of  the  sea ;  for  any  such  movement  would 
have  displaced  most  of  them. 

As  a  generic  assemblage,  the  Eanikot  Corals  are  Eocene  in  facies; 
and  of  the  twenty-seven  genera  three  are  new,  and  one  is  known  in  the 
Miocene  of  the  West  Indies.  Out  of  fifty  species  seven  are  identical 
with  European  Eocene  types,  which  are  not  found,  however,  as  a 
whole,  on  one  geological  horizon  in  Europe.  Some  of  them  are 
found  in  the  Lower  Eocene ;  and  the  others  are  to  be  noticed  in  the 
deposits  of  San  Giovanni  Ilarione  and  of  the  Oberburg,  in  Styria,  and 
in  the  higher  horizon  of  Castel  Gomberto.  These  forms  are  located 
in  one  series  in  Sind,  and  at  the  bottom  of  the  i^ummulitic  group. 
Eive  species  are  closely  allied  to  European  forms  out  of  the  same  great 
vertical  series ;  and  about  seven  others  have  a  distinctly  European 
facies.    These  19  species  give  the  Eocene  character  to  the  fauna. 

The  most  distinctive  genera  are  Stylocoenia,  Plocojohyllia,  Stepha- 
nophyllia,  Stephanocoenia,  Pironastrcea,  Reussastrcea,  Cyclolites,  and 
LitJiarcea.  It  is  remarkable  that  five  well-marked  species  of  the 
genus  Turhinoseris  (nobis)  should  have  lived  on  the  Indian  area ; 
they  are  allied  to  those  of  the  Eocene  of  St.  Bartholomew  in  the 
W est  Indies.*  The  genus  is  Lower  Cretaceous  in  England ;  and, under 
another  name,  it  has  lately  been  introduced  into  the  ISTattheim 
oolitic  Coral-fauna. 

The  presence  of  a  species  of  Stylinct  and  of  Thamnastrcea  recalls 
the  Jurassic  and  Cretaceous  ages  :  the  first  is  found  also  in  the  next 
or  Khirthar  series  of  deposits  ;  and  the  last  probably  lived  longer  in 
the  southern  seas.  Only  one  genus,  Placocyathus,  is  a  Miocene  type ; 
and  its  distribution  is  West-Indian. 

There  is  one  very  remarkable  species,  Stylocoenia  maxima,  nobis, 
in  the  Eanikot  group  ;  and  it  is  so  called  from  the  great  size  of  the 
intercalicular  projections,  which  are  little  monticules  in  the  British 
Stylocoenia  emarciata,  Lamk.  sp.  The  breadth  of  the  circular  base 
of  the  coral  is  3 \  inches ;  and  it  is  1-j^-  inch  in  height  centrally.  A 
concentric  epitheca  is  on  the  base  ;  and  the  upper  surface  is  a  mass 
of  calices,  and  tall  columns  between  them,  some  reaching  inch  in 
height.  The  minute  columns  in  the  British  ; species  are  proved  by 
the  examination  of  these  gigantic  growths  to  be  stunted  or  aborted 
calices.  Some  of  the  processes  of  Stylocoenia  maxima  have  a  perfect 
calice  on  the  top,  and  the  costae  come  down  the  side  ;  others  have  ill- 
developed  calices,  and  a  mere  representation  of  a  columella  and  septa. 
It  is  a  common  form,  and  is  characteristic  of  the  Eanikot  series; 

its  nearest  ally  is  Stylocoenia  macrostyla,  Eeus's,  which  is  associated 
with  Nummulites  planulatus  and  Cerithium  giganteum  in  the  district 
of  San  Giovanni  Ilarione. 

Young  specimens,  of  course,  greatly  resemble  the  European  Stylo- 
coenia emarciata  of  Bracklesham  age. 

Two  other  species  of  Stylocoenia  are  very  common :  one,  S.  Vicaryi, 

was  described  by  D'Archiac  and  Haime  ;  and  the  other  is  new.  It  has 
a  large  circular  epithecate  base ;  and  the  calices  are  large. 

Astrocoenia,  that  very  widely  distributed  genus,  whose  range,  ver- 
*  P.  M.  Duncan,  Quart.  Journ.  Geol.  Soc.  vol.  xxii.  p.  554. 
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tical  and  horizontal,  is  enormous,  has  several  species  in  the  Eanikot 
group :  and  Astrocoenia  ramosa,  Sowerby,  a  Cretaceous  type  from  the 
Turanian  of  Gosau,  found  also  in  the  Eocene  of  St.  Bartholomew 
in  the  West  Indies,  is  present  in  Sind,  and  has  the  usual  tuberose 
branchlets  so  characteristic  of  the  form. 

Large  solitary  Corals  of  the  genus  Montlivaltia  abound,  and  also 
a  characteristic  series  of  simple  forms  which  I  have  had  the  oppor- 

tunity of  naming  after  Hr.  Eedden,  to  whom  the  geology  of  Sind 
owes  so  much.  The  genus  Feddenia  had  its  young  forms  growing 
on  small  shells,  which,  with  the  growth  of  the  base  of  the  Coral, 
were  enclosed,  and  the  Coral  became  free.  This  is  not  an  unusual 
habit  in  some  two  or  three  species  of  Corals  of  another  family, 
now  living ;  and  an  elongate  base  is  produced.  One  of  the 
results  of  this  change  of  condition  was  that  the  costae  did  not 
radiate  upwards  from  the  peduncle,  as  is  seen  in  the  larger  forms, 
but  from  the  whole  length  of  the  enclosing  base.  Another  pecu- 

liarity is  that  the  epitheca  is  like  a  broken  mosaic. 
There  are  three  well-marked  species  of  this  genus ;  and  one  has 

two  good  varieties  in  the  Eanikot  series.  It  is  near  Montlivaltia  as 
a  genus ;  and,  admitting  the  great  variability  of  all  simple  or 
solitary  Corals,  it  is  very  possible  that  the  unusual  method  of 
early  growth  may  have  produced  correlative  changes  in  the  general 
shape  and  septal  arrangement.  The  genus  was  restricted  to  this 
Lower  Eocene  horizon.  Amongst  the  great  series  of  Eungidoe  found 
in  the  Eanikot  group  there  are  two  European  forms  of  Cyclolites  ; 
and  the  other  seven  species  of  the  genus  are  well  differentiated. 

Finally,  the  genus  Stephanopliyllia,  amongst  the  Eupsammineae, 
ought  to  be  represented,  to  give  the  full  early  Tertiary  facies  to 
the  Cyclolitic  assemblage.  SteplianopliyUa  indica,  from  Jhirk,  in 
the  Eanikot  group,  maintains  the  character  of  the  genus  for  beauty, 
and  is  an  exquisite  gem.  Its  affinities  are  rather  with  the  Cre- 

taceous species;  and  it  differs  but  slightly  from  S.  BoiverbanJci  of 
the  Lower  Chalk  in  its  main  characters,  and  from  S.  diseoides  of 
the  London  Clay  more  decidedly.  Like  most  of  the  Eanikot  corals, 
the  individuals  of  the  new  species  began  life  by  settling  down  on  a 
Kummulite ;  this  formed  the  permanent  base  of  the  coral ;  and  the 
usual  radiating  costal  arrangement  of  St&phanophyllia  either  does 
not  exist  or  cannot  be  seen  for  the  l^ummulite. 

Khivthar  Series. — Sixteen  species  of  Corals  were  found  in  this 
series ;  but  ten  of  them  were  taken  from  beds  so  high  up  that  it 
is  not  satisfactorily  proved  whether  they  are  at  the  top  of  the 
Khirthars,  or  form  the  base  of  the  Ifari  group,  next  in  vertical 
succession.  By  separating  these  ten  species,  an  indubitable 
Lower-Khirthar  fauna  is  decided  to  have  existed  :  its  biological 
conditions  were  unfavourable  to  vigorous  coral-growth  ;  and  there 
were  no  littoral  or  reef-building  forms.  Erom  the  analogy  of 
recent  forms,  which  are  identical  generically  with  those  of  the 
Khirthar  series,  or  whose  shape  resembles  that  of  the  ancient  species, 
a  sea-floor  at  the  depth  of  from  20  to  200  fathoms  or  more  would 
be  indicated. 

r  2 
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The  species  belong  to  the  genera  TrocJiocyatJius,  Leptocyailius, 
Stylophora,  Monilivaltia,  Galamophyllia,  and  Astrocoenia.  The 
TrochoeyatJius  is  one  of  the  discoid  group,  and  the  LeptocyatJius  is 
of  course  a  low  flat  Coral.  The  Stylophora  is  a  minute  Coral ;  and 
so  is  the  Astrocoenia.  But  the  Monilivaltia  is  a  finely  grown  form; 
and  so  is  the  CalamopJiyllia.  Of  these,  Stylophora  contorta, 
Leymerie,  has  also  been  found  in  the  Eocene  of  the  West  Indies  and 
at  La  Palarea  in  Europe ;  and  Astrocoenia  numisma,  Defrance,  sp.,  is 
a  Nuinmulitic  form  at  Gap,  in  the  district  of  Nice.  This  little 
assemblage  is  thus  clearly  of  Eocene  age.  No  distinction  can  be 
made  between  this  and  the  preceding  deposit,  as  regards  age,  from  the 
Corals. 
Now  the  ten  species,  the  horizon  of  which  may  be  of  Upper 

Khirthar  or  Lower  Nari  age,  belong  to  genera  whose  morphology  in- 
dicates the  presence  of  totally  different  physical  conditions  from  those 

which  environed  the  stunted,  simple,  and  the  few  large  Corals  of  the 
lower  horizon.  They  were  shallow- water  and  reef-building  forms  ; 
and  the  genera  are  Stylina,  Latimceandra,  Hydnophora,  Favia, 
Isastrcea,  Pterastrcea,  Plesiastrwa,  and  Porites.  There  is  not  a  simple 
Coral  amongst  them ;  and  the  facies  is  singularly  mixed,  old  and  new, 
Mesozoic  and  Cainozoic  genera  existing  together. 

The  species  Hydnophora  maliriensis,  nobis,  is  allied  to  H.  venusta, 

Catullo,  of  the  European  Nummulitic.  Porites  Pellegrinii,  D'Achiardi, 
is  found  inEurope  at  San  Giovanni  Ilarione;  and  Porte  indicus,  nobis, 
is  allied  to  a  species  from  Crosara,  Oberburg.  The  distinctness  of 
this  fauna  from  that  of  the  Ranikot  group  is  evident  enough  ;  but 
it  is  still  Nummulitic  in  facies  and  character. 

The  Nari  Series. — Erom  the  remarks  already  made  upon  the 
localities  of  some  of  the  presumed  Khirthar  Corals,  it  is  as  well  to 
admit  that  some  upheaval  took  place  at  the  close  of  that  period,  and 
produced  fringing-reef-building  or  bank  conditions.  But  they  did 
not  prevail  throughout  the  accumulation  of  the  whole  of  the  Nari 
series ;  and  it  is  somewhat  remarkable  that  no  species  passes  up 
from  the  reef-building  horizon  into  that  of  the  Nari  proper. 

The  genera  of  the  Nari  group  above  the  base,  indicate  rather 
vigorous  coral-growth,  and  both  deep-  and  shallow- water  conditions. 
The  genera  TrochoeyatJius,  Trochosmilia,  Montlivaltia,  Cycloseris, 
and  Cy otolites  are  the  simple  forms;  and  the  vigorous  compound 
forms  are  included  in  the  genera  Dasyphyllia,  BJiahdopJiyllia,  Lep- 
toria,  Mceandrinct,  and  Prionastrcea. 

The  Trochocyathi  of  the  Nari  series  are  remarkable  for  having 
commenced  their  growth  in  a  discoid  shape.  Some  retained  that 
shape ;  but  one  in  particular,  Trocliocyathus  nariensis,  nobis,  grew 
upwards  from  its  disk-shaped  base  in  a  perfect  cylinder,  reaching  2 
inches  in  height. 

TrochoeyatJius  cyclolitoides,  Ed.  &  H.,  is  a  widely  distributed 
European  Eocene  coral,  and  is  found  in  the  Nari  series  of  Sind. 

Stylophora  pulcTie-rrima,  D'Achiardi,  from  the  Eocene  of  Eriuli, 
Trochosmilia  varicosa,  Eeuss,  from  Crosara,  Stylocoenia  taurinensis, 
Ed.  &  H.,  from  European  Eocene  and  Miocene  strata,  and  Gycloseris 
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Perezi,  Ed.  &  H.,  from  the  rTummulitic  of  Nice,  are  also  amongst  the 
rTari  corals.  Hence,  out  of  the  twenty  species  of  fossil  Corals  in  the 
Xari  series,  one  is  found  at  a  higher  horizon,  and  one  fourth  of  the 
number  are  found  in  the  Upper  jSTummulitic  and  Oligocene  deposits 
of  Europe. 

Taking  the  Ranikot,  Khirthar,  and  rTari  Coral-faunas  as  a 
whole,  there  are  76  species  of  Corals  in  them  and  several  varieties; 
and  of  these  16  are  identical  with  European  forms  which  are  found 
in  strata  yielding  Xummulites  to  the  top  of  the  Oligocene.  There 
are  also  eight  species  in  the  Sind  series,  closely  allied  to  those  of  the 
European  fauna ;  and  whilst  some  species  are  common  to  the  West- 
Indian  Eocene,  an  important  genus  is  also  common  to  both  localities. 
The  absence  of  species  passing  up  from  one  series  to  another  is 
very  remarkable. 

The  Gaj  Series. — This  series  of  strata  contains  a  large  number 
of  Corals  in  bands  ;  but  although  most  of  the  forms  are  massive  and 
compound,  and  suited  for  reef-building,  the  majority  are  peduncu- 

late instead  of  covering  a  large  surface  and  incrusting.  Some  are 
very  massive  ;  and  the  presence  of  species  of  Madrepora,  an  essentially 
reef-building  genus,  with  Porites,  Agaricia,  Echinopora,  Prionastrcea 
Plesiastrcea,  Brachyphyllia,  Leptoria,  and  DasyphyUia  would 
indicate,  at  the  present  time,  very  active  shallow-water  coral- 
growth.  The  majority  of  the  Gaj  genera  still  flourish ;  and  most 
of  those  which  are  extinct  had  the  structures  requisite  for  reef- 
building.  The  Astrteidas  as  a  family  preponderate,  and  simple 
Corals  are  rare,  in  the  collection.  But  although  the  facies  of  the 
Gaj  coral-fauna  is  very  recent,  and  there  are  very  few  extinct 
genera,  still  the  modern  Coral-fauna  of  the  Eastern  and  Red  Seas 
is  not  represented  by  a  single  species.  Two  species  are  identical 
with  Miocene  West-Indian  forms  :  and  one  is  found  in  the  Xari  series. 

It  is  interesting  to  find  the  West-Indian  Miocene  and  recent  genus 
Antillia  represented.  jSTevertheless  the  evidence  afforded  by  the 
Corals  is  in  favour  of  a  mid-tertiary  age  being  given  to  the  41 
species  from  Gaj. 

In  the  communication  to  the  '  Annals  and  Magazine  of  Natural 
History'  (1861,  vol.  xiii.)  I  described  several  species  of  fossil  Corals 
from  unknown  geological  horizons  in  Sind ;  and  it  is  not  difficult, 
with  the  lists  of  the  genera  and  species  which  have  been  collected 
by  the  Geological  Survey  of  India,  to  decide  whence  the  majority 
came.  Thus  Oculina  halensis,  nobis,  Antillia  dentata,  nobis,  An- 

tillia ponderosa,  Ed.  &  H.,  Cladocora  Jiaimei,  nobis,  Hydnophora 
rudis,  H.  plana,  H.  hemisphcerica,  nobis,  point,  with  Oyathoseris  val- 
mondoisiaca,  Ed.  &  H.,  and  Agaricia  agaritites,  Ed.  &  H.,  to  a  late 
Miocene  horizon.  They  were  picked  up  in  the  neighbourhood  of 
Karachi,  and  doubtless  came  from  the  highest  beds  of  the  Gaj 
series. 

Einally,  many  specimens  of  Isidinae  have  been  found  in  the  Gaj 
series  ;  and  some  of  them  closely  resemble  modern  forms.  IsTo  ISTum- 
mulites  occur  in  the  Gaj  series  ;  and  the  Zoantharian  evidence  indi- 

cates a  Miocene  age,  and  not  an  early  one. 
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The  Sindian  formations,  including  the  transitional  beds  with  Oar- 
dita  Beaumonti  beneath  the  trap,  and  the  Gaj  series  at  the  topy 
contain  136  species  of  Corals  and  many  varieties.  Of  these,  9 
belong  to  the  transitional  series,  and  56  to  strata  in  which  lummu- 
lites  exist  in  profusion.  The  Nari  series,  with  few  species  of  Nurti- 
mulites  and  with  N.  garansensis,  a  European  type  characteristic  of 
the  Upper  Kummulitic  or  Oligocene,  contains  20  species.  The 
Miocene  strata  of  Gaj  contain  41  species.  I  omit  from  these 
numbers  all  species  from  doubtful  localities.  Thus,  as  only  one 
species  transgresses,  there  are  five  Coral-faunas  ;  and  if  the  separa- 

tion I  have  proposed  at  the  base  of  the  N"ari  series  is  right,  there  are six  in  the  same  area,  included  in  a  prodigious  depth  of  sedimentary 
strata.  The  study  of  the  Corals  does  not  indicate  that  there  was 
ever  a  sea  there  with  a  depth  of  many  hundred  fathoms ;  on  the 
contrary,  shallow-water  conditions  (within  20  fathoms)  usually  pre- 

vailed during  the  slow  oscillation  of  the  area,  in  which  subsidence  on 
the  whole  predominated. 

IY.  The  Equivalence  of  the  Manchhar  Strata  of  Sind  and  the 
SivdlUc  Group  of  the  Himalayas. 

The  Geological  Survey  of  Sind  by  Blanford  and  Fedden  has  proved 
that  in  some  places  the  Manchhar  strata  succeed  transgressively  to 
the  Gaj  series,  whilst  in  others  there  has  been  erosion  of  the  marine 
deposit  before  the  deposition  of  the  freshwater  one,  or  else  the 
lower  group  is  absent.  Bones  of  Bhinoceros  sivalensis  have  been 
found  in  the  uppermost  Gaj  strata.  There  is  no  doubt  that  the 
greater  part  of  the  coralliferous  strata  of  the  Gaj  series  accumulated 
in  shallow  water,  and  yet  beyond  the  reach  of  the  wash-down  of  a 
coast-line.  But  the  lower  Manchhars  were  deposited  in  shallow 
water  within  the  scope  of  terrestrial  denudation.  There  must  have 
been  considerable  general  changes  in  the  physical  conditions  of  the 
area, :  and  they  persisted ;  for  coral  life  has  never  since  prevailed 
there.  The  first  change  probably  was  one  of  slight  general  up- 

heaval ;  and  subsequently  a  slow  and  progressive  subsidence 
occurred,  during  which  the  vast  vertical  development  (8000  to  10,000 
feet  at  least)  of  the  lower  and  upper  Manchhars  accumulated. 

Conglomerates,  coloured  sandstones  (giej,  green,  and  red  in  tint), 
and  clays,  are  the  prevailing  deposits  on  the  inner  flanks  of  the 
vast  mountain-system  which  surrounds  Peninsular  India,  from  Sind 
to  Burma  inclusive.  Made  up  of  stone  brought  down  by  the  rivers 
of  the  extra- peninsular  mountain-system,  before  it  became  of  very 
great  height,  and  when  its  breadth  was  probably  much  greater  than 
it  is  now,  these  deposits  are  to  be  traced  to  the  north  of  Sind  in  the 
Suleiman  Mountains,  in  the  Salt  range,  covering  much  of  the 
surface  of  the  -Northern  Punjab,  and  then,  forming  part  of  the  sub- 
Himalayan  range,  as  far  east  as  the  Brahmapootra.  Similar 
deposits  are  found,  in  diminished  thickness,  in  the  Assam  range  ;  and 
they  became  important  in  the  Burmese  territories.  The  Sindian  suc- 

cession of  the  strata  is  the  normal  one  ;  and  it  extended  to  a  certain 
distance  northwards  ;  moreover  it  is  exemplified  in  the  Burmese 
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area.  But  in  the  great  central  area  of  the  Himalayas  proper  there 
was  no  marine  Miocene.  >7o  marine  beds,  the  equivalents  of  the 
Gaj  series  of  Sincl  and  Burma,  underlie  the  Sivalik  deposits  in  the 
Sub-Himalayas. 

There  was  open  sea  duriug  the  Xummulitic  age  where  the  great 
semicircle  of  extra-peninsular  mountains  now  exists ;  and  marine  con- 

ditions persisted  on  the  west  and  east  during  the  Miocene  period ; 
but  a  post-Xummulitic  upheaval  developed  a  land-surface  and  hill- 
tracts  from  Kashmir  to  Assam. 

This  upheaval  commenced  before,  but  culminated  after,  the  close 
of  the  Eocene  age ;  and  a  considerable  thickness  of  purple  sand- 

stones, red  clays,  and  grey  and  purple  sandstones  containing  plants 
accumulated  in  the  swamps  on  the  plains  of  that  age,  near  the 
mountains  on  the  edge  of  the  Xummulitic  sea-floor. 

These  plant-bearing  strata  and  the  underlying  jSTummulite- 
bearing  strata  have  a  minimum  thickness  of  2000  feet,  and  they 
form  the  Sirmiir  series  of  Indian  geologists. 

This  series  underlies  unconformably  the  vast  freshwater  sedi- 
mentary formation  comprising  the  ISahun  and  Sivalik  strata,  which 

attain  a  thickness  of  about  15,000  feet,  and,  except  where  buried 
beneath  recent  deposits  in  one  locality,  extend,  with  a  varying 
development,  along  the  south  of  the  great  mountain  mass,  and  are 
found  on  one  of  the  great  tablelands  to  the  north  of  the  Central 
Himalayan  axis.  The  lower,  or  Xahun  unfossiliferous,  series  con- 

sists mainly  of  grey  lignitiferous  sandstones.  On  it  the  upper,  or 
fossiliferous  Sivaliks,  accumulated  as  sandstones  and  clays ;  and  on 
the  top  of  all  are  conglomerates.  A  great  fauna  is  represented  in 
all  parts  of  the  Sivalik  deposits  above  the  Xahun  beds. 

From  the  lie  of  these  sedimentary  strata,  it  may  be  very  reason- 
ably inferred  that  the  ISTahun  and  Sivalik  deposits  are  the  equivalents 

of  the  Lower  and  Upper  Manchhars  of  Sind ;  and  the  inference  may 
be  extended  to  the  Upper  Tertiaries  of  Burma.  There  is  an  outlier 
of  this  series  and  of  its  lower  member  in  the  Gulf  of  Cambay  or 
Perim  Island. 

In  attempting  to  establish  exact  parallelism  between  the  Sindian 
and  the  Hima]ayan  deposits  called  Manchhar  and  Sivalik,  it  must 
be  noticed  that  the  vertical  development  of  the  last-named  rocks  is 
the  greatest,  and  that  whilst  the  lowest  beds  of  the  Sindian  series  are 
fossiliferous,  those  of  the  Nahun  beds  of  the  Sivaliks  are  not*.  On 
the  other  hand,  osseous  remains  are  found  throughout  the  Sivaliks 

proper  (above  the  IN'ahun  beds),  but  not  in  the  Upper  Manchhars in  a  recognizable  form. 
The  Manchhar  and  Sivalik  series  have  been  upheaved,  uptilted, 

and  in  the  last  instance  greatly  contorted.  Both  series  were  the 
youngest  implicated  in  the  great  orographical  development;  and 
although  they  are  on  different  lines  of  strike,  they  were  affected 
during  the  same  geological  period. 

The  denudation  of  their  exposed  ed  ges  nas  been  great.    Both  are 

*  Possibly  the  ossiferous  deposit  at  Kushalghar,  near  Attock,  is  of  ̂ uhun 
age.    See  further  on. 
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covered  in  some  places  with  high-level  gravels ;  and  the  Sivaliks  of 
the  great  tableland  of  Hundes  underlie  deposits  referable  to  the 
glacial  period,  whose  effects  were  not  felt  so  far  south  as  Sind. 

In  considering  the  palaeontology  of  these  deposit  it  may  be  stated 
that  the  osseons  remains  are  found  on  several  horizons. 

First,  the  Rhinoceros-remains  which  were  found  included  in  the 
Marine  Miocene  series  of  Gaj  in  Sind,  lead  to  the  inference  of  the 
existence  of  neighbouring  contemporaneous  land-surfaces  and  shallow 
seas — that  is  to  say,  of  Miocene  land  washed  by  a  Miocene  sea.  The 
Ehinoceros,  according  to  Mr.  W.  T.  Blanford,  F.P.S.,  is  Rhinoceros 
sivalensis. 

Secondly,  the  fragmentary  bones  and  teeth  found  in  the  conglome- 
rate near  the  base  of  the  Lower  Manchhar  formation  in  Sind  accu- 

mulated later  on  than  the  Gaj  series. 
The  following  is  the  list  of  the  vertebrate  remains  which  were 

collected  by  Mr.  Fedden,  and  named  by  him  and  Mr.  Lydekker  in  the 
publications  of  the  Geological  Survey  of  India : — 

Auiphicyon  palseindicus. 
Dinotherium  pentapotainirc. 

 indie  um. 
 ,  sp.  nov. 

Mastodon  perimensis. 
 latidens. 
 Falconeri. 

Ehinoceros  palEeindicus. 
 ,  sp.  near  R.  deccanensis. 

Acerotherium  perimense. 
Sus  hysudricus. 
Heinimeryx,  sp. 
Sivameryx,  2  sp. 
Chalicotherium  sivalense. 

Anthracotherium  silistrense. 
Hyopotoinus  palseindicus. 
Hyotherium  sindiense. 
Dorcatherium  inajus. ■  minus. 

Edentata. 
Manis  sindiensis. 

Eeptilia. 
Crocodilus,  sp. 
Chelonia,  sp. 
Ophidia,  sp. 

The  conglomerate  containing  the  bones  was  composed  of  the 
wash-down  of  the  Lower  Manchhars  themselves. 

Thirdly,  the  fossil  bones  which  have  been  discovered  in  consider- 
able quantities  in  a  conglomerate  on  Perim  Island  (although  their 

place  in  the  geological  series  cannot  be  determined,  from  the  absence 
of  a  succession  of  rocks)  appear  to  have  belonged  to  a  fauna  allied 
to  that  of  the  Manchhars  and  to  that  about  to  be  noticed. 

The  species  which  have  been  determined  by  Falconer  and  Lydekker 
are : — 

Dinotherium  indicum. Brahmatherium  perimense. 
Camelopardalis  sivalensis. 
Capra  perimensis. Antilope,  sp. 

Sus  hysudricus. 

Mastodon  latidens. 
 perimensis. 
 sivalensis. 

Rhinoceros,  sp. 
Acerotherium  perimense. 

The  remains  are  included  in  sandstone  blocks. 
The  same,  or  a  slightly  higher,  horizon  is  recognized  far  away  to 

the  north,  not,  however,  by  its  geological  position,  but  by  the  fossil 
remains,  in  the  neighbourhood  of  Kushalghar,  forty  miles  south  of 
Attock,  in  the  Punjab.  The  deposit  contained,  according  to  Falconer 
and  Lydekker,  the  following  genera  and  species: — Dinotherium 
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pentapotamice,  Mastodon,  Listriodon  pentapotamice,  Rhinoceros, 
Merycopotamus,  Borcatherium,  Sanitherium  Schlagintweitii,  and 
Amphicyon  palceindicus. 

It  is  remarkable  that  all  these  horizons  should  contain  Bino- 
therium. 

Fourthly,  the  Sivalik  clays,  sands,  and  conglomerates  above  the 
jSTahun  series  present  an  assemblage  of  genera  and  species  second 
to  none  in  importance,  and  much  grander  generally  than  the  existing 
fauna,  which  is  very  slightly  represented.  A  number  of  genera 
which  had  lived  in  the  Miocene  elsewhere  were  associated  with 

genera  not  known  in  mid-Tertiary  deposits,  and  which  have  lasted 
either  into  Post-Pliocene  or  into  Recent  times.  The  Binotheria  are 
absent.  Omitting  the  common  Miocene  genera  and  stating  the 
others,  an  African  element  is  noticed,  as  in  the  instance  of  Pikermi 
in  Greece.  The  characteristic  genera  are  Palceopithecus,  Macacus, 
Semnojnthecus,  Stegodon,  Elephas,  Loxodon,  Hippopotamus,  Camelo- 
pardalis,  Camelus,  Bos,  Buhalus,  Bison,  Cervus,  Equus,  Canis,  Ursus, 
Jlellivora,  3/eles,  Lutra,  Enhydriodon,  Tapirus,  Hystrix,  Mus,  Rhizo- 
mys,  Crocodilus,  Gavialis,  Varanus,  Ballia,  and  Emys. 

Moreover  many  of  the  freshwater  Mollusca  are  identical  with 
recent  forms. 

It  appears  that  these  wide  horizons  are  separable  into  an  older 
series,  with  Binotherium,  Hyotherium,  Hemimeryx,  Sivameryx,  Hyopo- 
tamus,  Anthracotherium,  Acerotherium,  and  Manis,  but  without 
Elephas  and  the  later  bovines ;  and  into  a  younger  series,  in  which 

genera  of  an  African  t}*pe,  such  as  Hippop>otamus  and  Camelo- 
pardxdis,  are  found,  and  without  the  older  types. 

The  first  series  is  in  relation  with  the  Lower  Manchhars,  and  the 
second  with  the  Sivalik  deposits  above  the  JSTahun  beds.  But  the 
interesting  fauna  from  Kushalghar  appears  to  be  probably  of  Nahun 
age ;  and  if  that  should  be  proved  eventually,  the  succession  of  two 
fairly  distinct  faunas,  linked  together  by  some  species,  will  be 
evident. 

Pinally,  the  Post-Pliocene  deposits  of  the  Jumna  area,  and  also 
of  the  Xerbudda  and  other  peninsular  rivers,  contain  some  species  of 
the  Sivalik  horizon. 

Y.  General  Considerations  regarding  the  Age  of  the  last  Himalayan 

Upheaval. 
It  might  be  supposed,  considering  the  ready  manner  in  which 

European  mammalian  faunas  are  placed  in  the  scale  of  geological 
succession,  that  the  contemporaneity  of  some  of  them  with  the 
Sivalik-Manchhar  assemblage  of  vertebrates  would  be  easily  deter- 

mined, and  a  geological  age  given  for  the  latter  without  doubt. 
But  the  critical  examination  of  the  positions  in  which  many  of 

the  European  mammaliferous  deposits  have  been  found,  indicates 
that  the  manner  in  which  the  Tertiary  deposits  have  been  classified 
by  means  of  the  fossil  Mammalia  is  open  to  exception. 

Two  well-known  examples  of  European  mammaliferous  deposits 
which  resemble,  in  their  succession,  the  Sivalik-Manchhar  series  are 



206 PKOP.  P.  M.  DU2TCAK"  OI>  THE 

those  of  Eppelslieim  and  Heppenheim  and  of  Pikermi.  At  Eppels- 
heim  sands  in  small  patches  are  at  the  top  ;  and  they  contain  a  few 
specimens  of  fossil  Rodentia,  Insectivora,  and  Carnivora.  A  con- 

glomerate is  beneath,  and  contains  the  Dinotherian  remains,  and 
also  those  of  Rhinoceros  and  Mastodon ;  and  all  are  remanie.  At 
the  base  of  the  series  there  is  a  clay  with  freshwater  shells ;  and 
it  rests  conformably  on  a  marine  limestone ;  and  this  is  of  late 
Miocene  age. 

At  Pikermi  the  deposit,  the  bones  from  which  have  been  so  ably 
described  by  Gaudry  and  commented  on  by  W.  T.  Blanford,  rests 
on  a  freshwater  stratum  of  Pliocene  age,  and  a  Miocene  lacustrine 
series  underlies  the  whole  unconformably. 

Now  at  Sind  as  at  Eppelsheim  the  underlying  marine  beds  are 

Upper  Miocene  in  age,  and  freshwater  condition's  prevailed  subse- 
quently, during  which  the  osseous  remains  were  depoisted. 

What  is  the  age  given  to  the  Dinotherium- conglomerate  at  Eppels- 
heim ?  Carl  Vogt,  influenced  apparently  by  the  presence  of 

Dinotherium,  and  regardless  of  any  stratigraphical  arguments,  and 
not  considering  the  important  changes  which  had  occurred  in  the 
area,  in  the  relative  level  of  the  land  and  sea-floor,  decided  that  the 
overlying  freshwater  beds  are  of  mid-Tertiary  age.  But  Creclner, 
dealing  with  the  subject  more  philosophically,  and  not  being  so 
much  impressed  with  the  presence  of  a  genus  which  elsewhere  is 
represented  in  Pliocene  strata  as  by  the  evidence  of  the  considerable 
mutations  which  had  occurred  in  the  physical  geography  of  the 
district,  and  which  had  brought  a  marine  deposit  above  the  original 
sea-level,  places  the  bone-bearing  conglomerates  in  the  Pliocene  age. 
Thus  one  geologist  associates  the  land  and  marine  elements  together, 
and  the  other  separates  them. 

The  comparison  which  can  be  instituted  between  the  Manchhar 
and  Sivalik  deposits  and  those  at  Pikermi  is  very  close ;  and,  accord- 

ing to  the  ordinary  rules  of  stratigraphy,  if  the  osseous  remains  at 
the  last-mentioned  locality  overlie  Pliocene  deposits,  the  animals 
which  left  their  bones  could  not  have  been  of  Miocene  age.  Yet 
Prof.  W.  Boyd  Dawkins,  in  his  contributions  to  this  Society,  asserts 
that  the  Pikermi  fauna  flourished  in  the  Miocene.  Evidently  there 
is  a  great  diversity  of  opinion  regarding  the  age  which  should  be 
given  to  land-surface  remains  overlying  marine  strata,  freshwater 
and  estuarine  deposits  intervening.  And  if  this  subject  is  studied 
it  will  be  found  that  great  discrepancies  of  opinion  have  existed  in 
regard  to  similarly  placed  deposits  in  many  of  the  great  formations. 

About  the  relative  age  of  some  superincumbent  terrestrial  remains 
there  is  no  discrepancy  of  opinion.  The  Coal-measures  are  associated 
with  the  underlying  grits  and  limestones ;  and  the  land  remains  of 
the  Inferior  Oolite  are  similarly  connected  in  classification  with  the 
marine  deposits  beneath  them.  When  the  lateral  extension  of  the 
strata  can  be  traced,  and  distant  marine  equivalents  of  the  overlying 
series  can  be  proved  to  contain  fossils  representative  of  or  identical 
with  those  of  the  underlying  series,  the  land-surface  is  classified  with 
the  formation  in  which  the  marine  strata  are  placed.  Or  when  there  is 
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a  succession,  on  the  same  area,  of  marine  beds  over  the  terrestrial 
and  freshwater  series,  if  the  fossils  of  the  upper  strata  resemble 
those  of  the  deeply  seated  marine  ones,  the  whole  belongs  to  one 
great  aspect  of  nature. 

It  will  be  found  that  there  can  be  no  exception  made  to  placing 
the  Woolwich  and  Reading  series  out  of  the  formation  which  includes 
the  white  chalk;  but  the  propriety  on  any  grounds  of  linking  the 
Purbecks  on  to  the  marine  Portland  is  open  to  exception. 

Except  in  instances  similar  to  those  of  the  Carboniferous  and 
Inferior  Oolite,  and  where  there  is  also  decided  unconformity,  the 
question  can  only  be  answered  after  a  careful  consideration  of  the 
amount  and  extent  of  area  implicated  in  the  changes  in  the  physical 
geography  which  may  fairly  be  assumed  to  have  occurred  since  the 
underlying  marine  deposit  was  completed.  The  upheaval  of  limited 
marine  deposits  recognizable  as  belonging  to  a  particular  formation, 
and  the  accumulation  upon  them  of  freshwater  deposits  and  conglo- 

merates, would  hardly  necessitate  the  belief  in  such  a  change  in  the 
aspect  of  nature  as  would  warrant  their  classification  under  two 
great  geological  ages.  But  when  the  same  phenomenon  is  witnessed 
over  widely  separated  areas,  and  a  conglomerate  is  followed  by  some 
thousands  of  feet  of  nuviatile  and  other  freshwater  strata  (the 
wreckage  of  high  land  close  at  hand),  it  becomes  certain  that  the 
physical  change  has  been  wide  enough  to  admit  of  an  alteration  in 
the  geological  nomenclature. 

"With  regard  to  Sind,  the  Lower  Manchhars  usually  rest  conform- 
ably on  the  Gaj  marine  Miocene,  and  marine,  estuarine,  and  fresh- 

water intercalations  exist  at  their  base  and  before  the  conglomerate 
is  fully  developed.  In  one  locality  the  Manchhars  rest  on  a  greatly 
denuded  surface  of  Gaj  strata. 

Upheaval  (slow,  irregular,  and  on  a  very  grand  scale)  occurred 
subsequently  to  the  deposition  of  the  Gaj  series ;  and  a  marine  tract 
became  estuarine,  nuviatile,  and  a  region  of  wearing  of  high  land. 
Subsequently  the  enormous  subsidence  took  place,  doubtless  almost 
synchronously  with  the  deposit  of  the  thousands  of  feet  of  the 
Manchhars  ;  and  yet  the  sea  never  broke  in  :  it  was  far  away. 

The  area  of  change  was  vast ;  and  it  appears  to  be  unreasonable 
to  associate  all  these  deposits  under  one  geological  formation. 

The  disassociation  of  the  Manchhar  and  Gaj  series  is  a  necessity ; 
and  the  nature  of  the  fauna,  so  singularly  allied  to  that  of  Pikermi, 
necessitates  its  relegation  to  the  early  Pliocene  time. 

In  following  up  this  subject  it  must  be  remembered  that  the 
Sivalik  strata,  the  horizon  of  which  is  above  the  Lower  Manchhars, 
have  a  vast  vertical  as  well  as  horizontal  development,  and  that 
osseous  remains  have  been  found  in  them  throughout  their  height. 
The  fauna  as  a  whole  has  a  later  facies  than  that  of  the  Lower 
Manchhars,  and  resembles,  even  in  its  African  element,  that  of 
Pikermi. 

On  the  ground  of  inferred  equivalency  with  the  Upper  Manchhars, 
and  of  faunal  alliance  with  the  assemblage  at  Pikermi,  it  must  be 
credited  that  the  Sivalik  strata  are  of  Pliocene  age. 
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There  is  another  argument  which  has  not  hitherto  been  employed 
and  which  favours  this  theory. 

The  Sivalik  strata  rest  on,  or  are  in  contact  with  (along  a  line  of 
fault),  certain  plant-bearing  strata  of  the  Sirmur  series  which  are 
associated  with  the  underlying  Nummulite-bearing  Eocene  rocks  of 
Subathu. 

The  nature  of  the  flora,  so  far  as  it  has  been  examined,  is  not 
very  foreign  to  that  of  India  at  the  present  time ;  and  by  the  same 
kind  of  reasoning  which  asserts  the  separation  of  other  terrestrial 

and  underlying  marine  strata,  these  beds,  called  Kasaoli  and  Dugr'hai, 
may  well  be  the  remains  of  the  Miocene  land. 

Whence  were  the  vast  thicknesses  of  the  sands,  clays,  and  con- 
glomerates of  the  Manchhar-Sivaliks  derived?  They  represent  a 

ruined  mountain-chain  in  bulk  ;  and  they  are  found  not  only  on  the 
flanks  of,  but  also  within,  the  orographical  systems  of  which  they 
form  parts. 

It  appears  from  the  study  of  the  history  of  the  Himalayas  by 
Strachey,  Stoliczka,  Medlicott,  and  those  Indian  Geological  Sur- 

veyors who  have  laboured  so  industriously  of  late  years,  that  a  low 
mountain- chain  existed  on  the  area  after  the  jSTummulitic  age — the 
results  of  a  post-JSTummulitic  earth-movement.  It  was  probably 
a  broad  chain,  and  not  a  suflicient  barrier  to  prevent  the  roaming  of 
the  animals  on  and  over  it  in  the  subsequent  geological  age.  This 
chain  appears  to  have  had  an  axis  of  old  rocks;  and  the  whole 
suffered  denudation  during  the  age  of  the  Sivalik  Mammalia.  In 
Hundes  Strachey  found  the  great  tableland  (now  at  an  altitude  of 
from  14,000  to  16,000  feet)  to  consist  of  sediments  filling  up  a  basin 
in  old  rocks  to  the  depth  of  3000  feet — sediments  which  included 
osseous  remains  of  animals  that  could  not  have  traversed  high  and 
difficult  mountain-ground. 

Part  of  the  Sivalik  sediments  were  formed  out  of  low  mountain- 
ground  by  fluviatile  denudation;  but  to  account  for  the  vast  deve- 

lopment of  the  rest  on  the  flanks  of  the  present  mountain- system,  it 
is  necessary  to  admit  that  the  upheaval,  and  much  of  the  north- and- 
south  crush  of  the  Himalayas,  occurred  pari  passu  with  the  slow 
accumulation.  Elevation  and  diminution  of  the  breadth  of  the  area 
progressed  ;  and  doubtless  much  of  the  great  crush  which  folded  and 
often  reversed  the  flanking  strata  was  final. 

The  Sivalik  strata  rest  on  the  flanks  of  the  chain  and  on  old  rocks 
within  the  range ;  and  they  were  the  youngest  deposits  affected  by 
the  mountain-making.  Hence  the  Himalayas,  as  a  grand  system, 
culminated  during  and  subsequently  to  the  collection  of  these  strata, 
which  have  been  pronounced  to  be  Pliocene  in  age. 

The  Sivalik  deposits  in  the  tableland  of  Hundes  are  overlain  by 
relics  of  the  great  glacialization  of  the  Himalayas.  Hence,  before 
the  vast  glaciers  of  the  glacial  period  accumulated,  valleys  had  been 
worn  out  and  denudation  had  proceeded.  So  it  is  necessary  to 
recognize  that  the  culmination  of  the  movements  which  developed 
the  height  of  the  Himalayas  occurred  in  preglacial  times  and 
during  the  Pliocene  age. 
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To  complete  the  serial  changes,  it  is  to  be  remembered  that  a 
Postglacial  fauna  was  found  in  the  old  alluvium  of  the  Jumna, 
a  wash-down  of  the  Himalayas. 

With  regard  to  the  Upper  Manchhars,  they  were  implicated  in  the 
great  orographical  movement,  which  was  contemporaneous  through- 

out the  extrapeninsular  area  of  India ;  and  they  are  of  Pliocene  age. 
The  details  regarding  the  succession  of  strata  and  of  many  of 

their  organic  remains  are  to  be  found  in  the  publications  of  the 
Geological  Survey  of  India,  and  in  the  communications  to  this 
Society  by  Strachey,  Grant,  Falconer,  and  others.  The  'Manual  of 
Indian  Geology,'  by  Medlicott  aud  Blanford,  an  abstract  of  the 
labours  of  the  Survey,  contains  them  in  a  condensed  form.  I  am 
under  great  obligations  to  all  those  writers,  and  also  to  Messrs.  Med- 

licott and  Blanford  for  much  unpublished  information  ;  and  in  thus 
heartily  acknowledging  my  obligations,  I  am  glad  to  have  the 
opportunity  of  expressing  my  assent  to  their  conclusions  regarding 
the  age  of  the  Himalayas. 

Discussiox. 

The  Peesidext  remarked  on  the  persistence  of  Mesozoic  types  in 
the  Tertiary  strata  of  the  Himalayas. 

Mr.  Blanfoed  expressed  the  obligations  of  himself  and  other 
Indian  geologists  to  Dr.  Duncan  for  his  researches  on  the  Corals 
which  they  had  collected.  The  base  of  the  series  of  Sind  consists 
of  a  limestone  containing  Hippurites ;  and  above  these  Cretaceous 
beds  are  strata  partly  unfossiliferous  and  the  representatives  of  the 
Deccan  traps,  the  whole  being  overlain  by  the  Lower  Eocene  and 
jSTummulitic.  This  succession  is  shown  both  in  the  Laki  and  the 
Khirthar  ranges.  The  Nari  or  Oligocene  group  is  5000  or  6000 
feet  thick ;  its  upper  subdivision,  which  is  much  thicker  than  the 
lower,  is  of  freshwater  origin,  and  contains  imperfect  plant-remains. 
This  is  overlain  by  the  Gaj  and  Manchhar.  The  unconformities  which 
occur  in  the  series  are  purely  local.  He  was  gratified  to  find 
that  Dr.  Duncan  had  arrived  at  the  same  conclusion  as  the  Geolo- 

gical Survey  of  India  as  to  the  age  of  the  Sivalik  beds.  He 
replied  to  the  opinions  expressed  by  Prof.  Boyd-Dawkins  and 
Mr.  Bose  on  this  subject. 

Lieut.-Col.  Godwix-Austen  remarked  upon  the  greater  contortion 
of  the  j^ummulitic  strata  in  the  Western  Himalayas  as  compared 
with  those  of  Assam. 

The  Atjthoe  stated,  in  reply  to  the  President's  remarks,  that 
while  the  genera  of  Corals  are  remarkably  persistent,  the  species  are 
not.  He  bore  testimony  to  the  great  value  of  the  volume  published 
by  the  Geological  Survey  of  India.  He  doubted  the  value  of  the 
terrestrial  Mammalia  as  fixing  the  age  of  the  strata  overlying  the 
Eocenes. 
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15.  The  Aech^san  Geology  of  Anglesey.  By  C.  Callaway,  Esq., 
M.A.,  D.Sc,  F.G.S.  With  an  Appendix  on  the  Microscopic 
Stpjjcture  of  some  Anglesey  Rocks,  by  Prof.  T.  G  Bonney, 
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Introduction. 

I  have  to  submit  evidence  in  support  of  the  conclusion  that  there 
are  represented  in  Anglesey  two  Precambrian  or  Archaean  groups, 
each  distinguished  by  well-marked  lithological  characters.  They 
may  be  named  respectively  the  Slaty  and  Gneissic  formations.  The 
"  Pebidian  "  schists,  as  recognized  by  Dr.  Hicks,  I  include  in  the 
gneiss  group  ;  but,  in  other  parts  of  the  island,  I  have  worked  out 
a  great  assemblage  of  fraginental  felspathic  rocks,  which  I  believo 
tobe  of  true  Pebidian  age.  I  shall  also  attempt  to  prove  that  the 
quartz  rocks  of  Anglesey  are  included  in  the  gneissic  series.  The 
microscopic  notes,  kindly  furnished  by  Prof.  Bonney,  are  based  upon 
the  specimens  only,  and  have  all  the  value  of  independent  evidence. 
The  growing  importance  of  these  ancient  rocks  would  seem  to  re- 

quire that  the  provisional  term  "Precambrian"  should  give  place 
to  a  word  which  can  be  permanently  used  :  and  I  have  ventured  to 

adopt  the  term  "  Archaean/'  so  widely  employed  by  Continental  and 
American  geologists.  To  the  words  "  Azoic  "  and  "  Eozoic  "  there 
are  obvious  objections. 

A.  Description  op  Areas  and  Sections. 

I.  Menai  Anticline. 

Eor  convenience  I  accept  this  name  for  the  rocks  lying  between 
Menai  Straits  and  the  great  fault  which  throws  down  the  newer 
Palaeozoic  rocks  of  Malldraeth  Marsh,  though  the  term  is  not  strictly 
applicable.  It  is  true  that  the  strata  on  the  south-east  side  of  the 
area  dip  to  the  south-east,  and  those  on  the  north-west  side  to  the 
north-west ;  but  between  these  two  extremities  the  undulations  are 
frequent,  and  some  of  the  dips  are  probably  overthrows. 

a.  Gneissic  Series. 

Two  Varieties  of  Gneiss. — The  structure  of  the  area  is  rendered 
much  clearer  by  the  recognition  of  two  prevailing  gneissic  types — 
a  dark  micaceous  or  hornblendic  variety,  associated  with  chloritic 
schists*,  and  a  greyish  or  light-red  rock  clearly  foliated  into  an  or- 

dinary ternary  gneiss.  In  the  Craig-yr-allor  anticline  f  the  two 
varieties  are  also  recognizable,  the  grey  gneiss  passing  up  through 
the  dark  type  into  the  granitoidite.  In  the  Menai  district  the  dark 
schist  holds  the  same  relation  to  the  grey  variety,  and  the  passage 
between  the  two  may  be  seen  at  many  points. 

1.  Gneiss  south  of  Pentraetli. — ISText  to  the  fine  section  at  Gaer- 
wen  %,  the  rocks  south  and  east  of  Pentraeth  require  notice.  The 

band  coloured  "  greenstone,"  running  from  Tai  hirion  north-north- 
east to  PMs-gwyn  lodge,  appears  to  be  a  highly- altered  hornblendic 

gneiss,  with  a  north-west  dip.  In  the  field  to  the  south-east  of  the 
lodge  is  a  small  quarry  of  typical  grey  gneiss ;  and  in  the  plantation 

*  Throughout  the  paper  the  terms  "  schist  "  and  "  schistose  "  are  strictly  con- fined to  foliated  rock, 
t  Geol.  Mag.,  March  1880,  p.  119.         +  Geol.  Mag.,  March  1880,  p.  121. 
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a  few  yards  to  the  north-west  we  find  the  dark-green  schist  in  its 
usual  position  above,  both  dipping  to  the  north-west. 

Following  the  strike  to  the  north-east,  the  gneiss  is  seen  to  con- 
tain angular  pieces  of  quartz,  some  of  which  are  flattened  in  the 

foliation-planes,  so  as  to  appear  like  ordinary  folia. 
2.  Mynydd  Llwydiarth. — This  elevated  ridge,  trending  to  the 

north-east  for  nearly  a  mile  and  a  half,  is  composed  of  highly  con- 
torted gneiss.  The  general  dip  is  north-west ;  but  in  some  places 

the  beds  undulate  to  the  south-east ;  and  the  thickness  cannot  be 
great.  The  rock  is  more  quartzose  than  usual ;  and  the  quartz  frag- 

ments become  much  more  numerous, — the  two  facts  suggesting  the 
proximity  of  quartz  land.  The  gneiss,  rolling  in  frequent  contor- 

tions, is  finely  exposed  in  low  vertical  cliffs  ;  and  the  angular  pieces 
of  white  quartz  studding  and  projecting  from  the  surface  produce  a 
very  striking  effect.  Both  types  of  gneiss  appear  to  be  present ; 
but  the  felspar  being  less  abundant,  the  rock  is  brought  into  closer 
resemblance  to  the  micaceous  and  chloritic  schists  of  Holyhead.  On 
the  north-western  slope  the  gneiss  is  extensively  brecciated,  and 
the  presence  of  a  fault  is  further  inferred  from  an  abrupt  transition 
to  younger  formations.  At  the  foot  of  the  slope,  near  the  fault,  the 
gneiss  becomes  somewhat  granitoid,  suggesting  the  commencement 
of  the  passage  into  granitoidite,  which  is  seen  so  clearly  in  the  Craig- 
yr-allor  anticline.  At  the  extreme  north-east  of  the  ridge,  on  Red 

"Wharf  Bay,  the  green  schist  is  exposed  for  some  distance  across  the strike  to  the  east ;  but  south  of  Wern  we  come  onto  the  grey  gneiss, 
all  the  dips  being  north-west.  Further  to  the  east,  at  Bryn  y  Castell, 
the  grey  type  is  again  seen,  but  with  the  dip  reversed ;  and  at  Haf  odty, 
still  further  to  the  south-east,  the  dark  schist  comes  in  again.  This 
is  a  clear  anticline,  the  grey  gneiss  exposed  at  the  apex  throwing  off 
green  schist  in  opposite  directions.  The  structure  of  this  district  is 
shown  in  PI.  VIII.  fig.  3. 

3.  Gaerwen  to  Menai  Bridge.— Crossing  the  anticline  from  Gaer- 
wen,  we  find  at  the  railway -junction  that  the  dark  schist  has  rolled 
over  to  the  south-east ;  but  half  a  mile  to  the  south-east,  near 
Llanddaniel,  the  series,  represented  by  contorted  quartzose  chloritic 
schist,  dips  north-west.  Exposures  then  are  rare  till  we  come  to 
the  Anglesey  column,  where  dips  are  in  opposite  directions,  but 
usually  to  the  north-west.  This  rock  is  of  the  ordinary  dark  green 
type,  occurring  everywhere  above  the  grey  gneiss  in  both  the  Menai 
and  Craig-yr-allor  areas.  It  has  been  described  by  Prof.  Bonney  *. 
On  the  Straits,  near  the  west  end  of  Menai  Bridge,  green  schists 
occur  of  the  ordinary  varieties. 

From  the  above  facts  it  is  clear  that  the  rocks  of  the  anticline 

belong  to  the  gneiss  series,  "Well-foliated  gneiss  occurs  at  numerous localities ;  and  the  green  schist  is  so  intimately  associated  with  it, 
as  an  upper  band,  as  to  remove  all  shadow  of  doubt  that  the  two 
types  form  one  unbroken  group.  In  this  area  I  have  not  found  a 
trace  of  any  thing  but  true  crystalline  schists. 

The  thickness  of  the  group  is  not  great.  The  foldings  are  nume- 
*  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  308. 
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rous,  the  lower  gneiss  being  brought  up  to  the  surface  at  many 
points.  Probably  the  entire  series  is  exposed  west  of  Gaerwen, 
where  the  total  thickness  can  hardly  reach  1000  feet. 

An  isolated  mass  of  schist  occurs  south-west  of  Pentraeth.  It  is 
about  a  mile  long  by  half  a  mile  broad,  and  is  bounded  by  faults  on 
all  sides.  Carboniferous  Limestone  surrounds  it  on  three  sides.  On 
the  east  it  is  separated  from  the  main  mass  by  a  faulted  strip  of  the 
formation  now  to  be  described. 

b.  Slaty  Series, 
This  wedge  is  composed  of  rocks  of  a  newer  Archaean  group. 

At  Tan  y  graig,  south-west  of  Pentraeth,  is  a  greenish,  coarse, 
slaty  variety.  In  the  fields  to  the  north-west,  a  jaspery  rock 
projects  in  small  knolls  through  the  turf ;  but  its  relation  to 
the  bedded  type  is  obscure.  Crossing  a  hollow  to  the  east,  we 
come  to  a  ridge,  the  western  slope  of  which  is  occupied  by 
massive  breccias.  The  fragments  and  the  matrix  are  similar,  and  are 
composed  of  a  grey  and  purplish  dolomite  (Note  40,  p.  235).  Further 
to  the  north-east,  above  Wugan  bach,  is  a  light-purple  slaty  rock, 
which  in  places  is  literally  smashed.  Between  this  point  and  Plas 
gwyn,  along  the  ridge,  the  prevailing  type  is  a  purplish  ashy  rock, 
sometimes  brecciated,  and  in  places  altered  almost  to  a  hornstone. 
The  dip  is  high  to  the  north-west.  The  breccias  of  this  ridge  are 
obviously  connected  with  faulting.  North  of  Phis  gwyn,  on  the 
same  strike,  is  a  puzzling  rock,  which,  under  the  microscope  (Note 
41,  p.  236)  appears  to  be  a  limestone  rendered  impure  by  volcanic 
mud.  Slaty  beds  are  again  seen  to  the  north-east  of  Pentraeth, 
dipping  south-east. 

Por  the  greater  part  of  its  length  this  mass  is  separated  from  the 
Menai  anticline  by  a  faulted  strip  of  Palaeozoic  shale ;  but  north- 

east of  Rhiwlas  it  comes  up  against  the  gneiss,  the  fault  between 
the  two  formations  running  along  a  hollow.  The  heavy  breccias 
which  fringe  both  groups  point  to  excessive  fracture  and  crushing. 

II.  Llaxgefxi  "  Syncline." 
Crossing  the  Carboniferous  strata  of  Malldraeth  Marsh,  we  come 

to  an  altered  and  contorted  group  of  rocks  which  bear  a  superficial 
resemblance,  especially  in  their  colour,  to  the  Menai  schists,  and 
have  hitherto  been  regarded  as  a  part  of  the  same  group.  But  on 
a  careful  examination  of  the  lithology  of  this  series,  fundamental 

differences  are  observable.  Even  my  first  day's  work  in  the  district 
convinced  me  of  the  existence  of  Pebidian  rocks  of  the  St. -David's 
type ;  and  fuller  working-out  of  the  area  brought  to  light  analogies 
with  other  Pebidian  localities. 

Slaty  rocks  occupy  only  the  south-eastern  side  of  the  apparent 
syncline  lying  between  the  Carboniferous  on  the  south-east  and 
the  granitoid  band  on  the  north-west,  the  north-western  side  being 
composed  of  gneissic  strata.  The  two  groups  are  brought  together 
by  a  fault  or  faults  :  but  as  they  dip  towards  each  other,  an  appa- 

rent basin  is  formed  (see  section  near  Aberffraw,  PI.  VIII.  fig.  2). 
Q.  J.  G.  S.  No.  146.  a 
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a.  Slaty  Series. 

1.  Llangristiolus  Grits  and  Slates. — The  lowest  beds  I  have  ob- 
served are  exposed  near  the  Llangristiolus  turnpike.  The  rock  is 

clearly  bedded ;  but  its  lithology  is  obscure,  and  the  jointing  is  so 
close  that  clean  fractures  are  hard  to  get.  It  appears  to  be  a  quartzo- 
felspathic  grit,  altered  into  a  sort  of  halleninta.  Some  bands  are 
coarser,  grains  of  quartz  and  felspar  being  visible  to  the  naked  eye. 
A  similar  rock  is  common  in  the  Pre-Cambrian  rocks  of  the  Church- 
Stretton  district  (Shropshire). 

A  little  further  to  the  north,  hear  Cerrig  ddwyffordd,  a  quarry- 
section  is  very  interesting.  At  the  base  is  a  purplish  grey  felspathic 
grit  (Note  42,  p.  235).  This  is  overlain  by  a  pale-green  slaty  rock  of 
Charnwood  type,  associated  with,  and  apparently  passing  into,  a 
sort  of  porcellanite  (Note  43,  p.  234),  singularly  like  a  rock  at  Caer 

bwdy,  St.  David's.  The  Charnwood  facies  of  these  varieties  is  also 
noted  by  Prof.  Bonney.  The  section  is  capped  by  a  repetition  of 

gritty  bands.  The  dip  is  northerly,  at  from  40°  to  50°.  Similar 
rocks  are  exposed  in  neighbouring  fields. 

2.  Llangefni  Conglomerates  and  Shales. — To  the  west  and  north- 
west of  the  Llangristiolus  sections  are  several  exposures  of  a  greenish 

conglomerate.  It  is  seen  on  the  Holyhead  road,  near  Waen  hir,  and 
north  of  Cerrig  ddwyffordd,  at  the  arrow  mark,  but  is  very  fully  ex- 

posed in  the  railway- cuttings  north-west  of  Llangefni,  the  enclosed 
fragments,  weathering  white,  being  clearly  visible  even  from  the  rail- 

way carriage.  The  matrix  is  green  shale.  The  pebbles  are  very 
varied,  the  following  being  the  principal  types  :  — quartzite,  common ; 
pinkish  grit  (Note  38,  p.  235)  of  quartz  and  felspar ;  greenish  fel- 

spathic grit ;  and  green  and  grey  hornstone.  Of  these,  quartzite  is 
the  only  ingredient  which  is  certainly  foreign  to  the  slaty  series  ;  the 
others  are  such  as  are  found  in  some  part  of  the  group.  The  con- 

glomerate would  then  seem  to  have  originated  in  contemporaneous 
denudation,  such  as  is  common  in  volcanic  rocks,  together  with  the 
wearing-down  of  a  preexisting  land  composed  of  quartzite. 

Interstratified  with  the  conglomerate  are  beds  of  purple  and 
green  felspathic  shale,  with  some  bands  of  hornstone.  The  resem- 

blance of  these  rocks  to  the  St.-David's  types  is  unmistakable. 
The  road-sections  in  this  district  display  a  prevailing  north-west 

dip;  but  the  more  complete  exposures  in  the  railway-cuttings 
reveal  frequent  undulations,  so  that  the  thickness  is  not  great. 

A  similar  group,  probably  on  the  same  horizon,  is  well  displayed 
in  the  cuttings  east  of  Bodorgan  station,  6  miles  south-west  of 
Llangefni.  The  prevailing  rocks  are  purple,  green,  and  grey  ashy 
shales,  with  some  felspathic  breccias.  Conglomerates  occur  con- 

taining pebbles  of  felsite,  in  which  microscopic  examination  (Note  39, 
p.  236)  reveals  a  very  interesting  resemblance  to  modern  lavas. 

Associated  with  the  shales  at  Llangefni  station  is  a  thick  bed  of 
quartzose  grit,  such  as  might  have  been  produced  by  the  denudation 
of  an  ancient  quartzite. 

Still  following  the  strike  to  the  south-west,  we  find  the  slaty 
series  well  exposed  at  numerous  points  on  the  coast  from  Bodowen 
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round  to  the  AberfFraw  sands.  On  the  shore  near  Bodowen,  Llan- 
gefni conglomerate  is  underlain  by  grit.  On  the  east  side  of  Porth 

twyn  mawr,  it  overlies  slaty  rock,  and  contains  large  unrounded 
pieces  of  it.  The  same  conglomerate,  repeated  by  folding,  occurs  at 
intervals  as  far  as  the  AberfFraw  sands. 

Qnartzite  occurs  in  lenticular  bands  in  pale-green  slate  .west  of 
Porth  Cadwaladr.  This  association  is  also  very  common  in  Northern 
Anglesey. 

Near,  or  at,  the  base  of  the  slaty  series  of  this  district  are  several 
masses  of  quartz  rock  of*  obscure  origin.  The  most  prominent  of 
these  is  the  craggy  hill*  called  Craig  fawr,  above  Llangefni.  It 
is  a  massive  white  rock,  in  which  the  quartzite  structure  is  still 
apparent.  It  is  surrounded  by  Carboniferous  strata,  and  it  probably 
formed  an  island  in  the  Carboniferous  sea.  The  same  rock  may  be 
traced  at  intervals  along  the  strike  to  the  south-west.  One  conspicuous 
crag  of  it  is  seen  at  Bethel,  north-east  of  Bodorgan  station.  I  can 
only  suggest  that  we  may  have  in  these  bosses  the  remains  of  an 
ancient  land,  from  which  the  Pentraeth  gneiss  derived  its  angular 
fragments,  and  the  Llangefni  conglomerate  its  rounded  pebbles  and 
its  quartz  grits. 

3.  Cerrig -Ceinwen  Slaty  Group. — These  rocks  lie  to  the  north- 
west of  the  last  group,  with  the  same  (north-west)  dip ;  and  as  they 

present  important  lithological  differences,  they  can  hardly  be  repe- 
titions. 

North  east  of  Cerrig  Ceinwen,  a  little  south  of  the  Holyhead 
road,  are  green  and  purplish  slaty  beds.  Some  bands  are  calcareous  ; 
and  the  formation  on  the  whole  resembles  the  rocks  forming  the 
ridge  at  Wugan  bach.  Large  nodules  of  jasper  are  abundant.  Their 
origin  is  not  absolutely  clear ;  but  I  am  disposed  to  regard  them  as 
included  pebbles.  The  beds  have  a  high  dip  to  the  north-west. 
On  about  the  same  strike  to  the  south-west  are  pale  green  ashy  bands. 
Close  to  Cerrig-Ceinwen  church,  to  the  north,  are  prominent  ridges, 
composed  of  a  greenish  rock,  so  tough  that  it  was  difficult  to  obtain  a 
specimen.  It  has  a  superficial  resemblance  to  a  greenstone,  but  is 
undoubtedly  an  indurated  sedimentary  rock,  presumably  an  ash.  It 

suggested  the  "greenstone"  of  Clegyr  Eoia,  St.  David's. 
A  fine  exposure  in  a  quarry  west-south-west  of  Cerrig  Ceinwen, 

on  perhaps  a  little  lower  horizon  than  the  jasper  conglomerate, 
deserves  attention.  The  rock  is  typical  of  the  slaty  series  of 
Anglesey.  In  the  field  it  appears  as  a  pale  green  slate  or  indurated 
shale,  sometimes  faintly  banded.  Comparing  it  with  some  of  the 
Charnwood  slates  (Note  44,  p.  234),  the  only  difference  I  could  detect 
was  that  the  Anglesey  type  displayed  a  slight  lustre  indicative  of 
incipient  metamorphism.  It  sometimes  passes  into  a  rock  in  which 
the  alteration  has  been  carried  further,  sometimes  into  a  sort  of 
hornstone.    The  dip  is  still  to  the  north-west. 

At  Bod  enlli  we  are  apparently  on  the  horizon  of  the  jasper 
conglomerate.  The  conglomerate  itself  is  not  exposed ;  but  we  have 
limestone,  purple  slates,  and  green  breccias  and  shales,  not  unlike 
those  associated  with  the  jasper. 

*  Coloured  "greenstone"  on  the  map. 

q2 
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Over  a  mile  to  the  west-south-west,  at  Cerrig  engan  fawr,  there 
is  a  considerable  exposure  of  a  very  tough,  green,  ashy-looking  rock, 
similar  to  the  variety  north  of  the  church. 

All  the  above  rocks  dip  to  north-west ;  but  a  little  further  to  the 
west,  at  Ty'n-y-buarth,  the  beds  dip  to  south-east.  The  strata  at 
this  locality  are  highly  contorted  on  a  small  scale,  and  are  very 
similar  to  the  gnarled  rocks  east  and  south-east  of  Amlwch,  the 
alteration,  as  in  that  district,  having  proceeded  further  than  at 
Cerrig  Ceinwen.  In  all  other  respects  these  altered  rocks  resemble 
the  Cerrig-Ceinwen  slates. 

b.  Gneissic  Series. 

The  band  of  gneissic  rocks  is  hardly  a  mile  in  width  at  Bodwrog, 
where  it  is  separated  from  the  Pebidian  by  a  faulted  strip  of  Palae- 

ozoic shale  ;  but  it  gradually  expands  to  a  breadth  of  over  two  miles 
in  the  coast  section  on  the  south-west.  The  fault  separating  it 
from  the  slaty  series  runs  from  near  Bodwina,  north  of  the 
Holyhead  road,  in  a  south-south-west  direction,  losing  itself  under 
the  sands  of  AberfFraw.  On  the  west  of  the  sands  are  nothing  but 
schists  ;  on  the  east  are  nothing  but  rocks  of  the  slaty  series.  It 
will  be  necessary  to  describe  two  sections  across  this  zone. 

1.  Coast  Section  from  Porth  Nobla  to  Aberffraiv  Sands. — On  the 
coast,  west  of  Porth  Nobla,  is  a  considerable  exposure  of  greenish 
felspathic  rock  similar  to  the  halleflinta  seen  on  the  strike  to  the 
north-east,  near  Ty  Croes.  It  appears  to  form  an  anticline.  On 
Porth  Nobla  it  clearly  dips  south-east,  and  passes  gradually  up  into 
grey  gneiss.  To  the  west  it  presents  but  slight  indications  of 
stratification:  but  as  we  proceed  eastward  planes  of  separation  grad- 

ually appear,  which,  at  first  obscure,  become  more  and  more  distinct, 
till  the  rock  is  undistinguishable  from  a  true  gneiss.  I  have  long" 
since  noticed  an  unbroken  passage  between  halleflinta  and  gneiss 
in  the  Wrekin ;  and  Dr.  Hicks  has  recorded  the  presence  of  an 

incipient  foliation  in  the  halleflinta  ("Arvonian")  of  St.  David's. 
The  grey  gneiss  soon  passes  up  into  quartzose  gneiss,  quartz-schist, 
and  quartzite.  These  siliceous  types,  which  are  of  much  theoretical 
interest,  occur  in  great  force,  and  form  the  main  part  of  the 
headlands  of  Mynydd  baen  and  Pen  y  cnwc,  which  project  between 
Porth  Nobla  and  Porth  Trecastell.  On  the  west  side  of  Porth 

Trecastell  is  a  band  of  calcareous  quartz-schist,  or  quartzose  foliated 
limestone.  The  silicate  appears  to  be  talc  or  chlorite.  There  is 
a  break  in  the  section  at  the  centre  of  the  bay ;  but  as  the  cal- 

careous schist  reappears  on  the  east  side,  there  can  be  but  a  slight 
break,  if  any,  in  the  succession.  Overlying  the  last-named  rock  is 
a  considerable  exposure  of  decomposed  grey  gneiss  interstratified  with 
bands  of  quartz  rock,  the  whole  being  much  contorted  and  broken. 
A  greenstone  dyke  appears  here.  After  a  few  undulations,  the  de- 

composed rock  disappears,  and  ordinary  white  and  grey  gneiss,  some- 
times rather  quartzose,  dips  steadily  to  the  south-east  for  some 

distance.  Then  comes  in  the  well-known  green  schist  of  the 
Henai  type,  which  is  continued  to  the  Aberffraw  sands.   It  is  well 
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seen  on  Porth  gwyfen  with  the  normal  south-east  dip.  On  the 
shore,  near  the  church,  an  undulation  brings  up  grey  gneiss. 
Then  the  south-east  dip  is  resumed  ;  but  at  Trwyn  du,  just  before 
reaching  the  Aberffraw  estuary,  the  beds  turn  up  to  the  south-east, 
and  a  syncline  is  formed.  The  succession  described  is  shown  in 
fig.  4. 

2.  Section  on  the  Railway  from  Ty  Croes  to  Bodorgan. — The  suc- 
cession is  substantially  the  same  as  the  last ;  but  it  furnishes  one 

or  two  additional  facts.  At  Pelin  bont  is  the  halleflinta  first 
noticed  by  Dr.  Hicks,  who  rightly  conjectured,  as  the  last  section 
proves,  that  it  passed  to  the  south-east  beneath  the  schist  at  Ty 
Croes*,  though  he  was  in  error  in  placing  it  above  the  granitoidite, 
which  lies  at  the  very  summit  of  the  gneiss  series.  West  of  Ty 
Croes  quartzose  schist  is  exposed  in  the  road. 

Coming  to  the  railway-cuttings,  we  find  to  the  east  of  the  station  a 
good  section  of  grey  quartzose  gneiss  (Note  34,  p.  233)  dipping  south- 

east. This  rock  is  one  of  the  most  prominent  types  seen  west  of  Porth 
Trecastell.  Grey  and  white  gneiss  are  seen  for  more  than  a  mile 
with  the  same  dip.  In  the  cutting  from  near  Bodgedwydd  to  near 
Graig  bach,  the  grey  gneiss  grows  gradually  darker  and  darker,  and 
passes  without  a  break  into  the  dark  green  Menai  type,  which  is 
continued  to  the  end  of  the  exposure.  The  average  dip  is  40  °  to 
south-south-east.  Leaving  the  line,  we  find  in  a  road-section  north- 

east of  Tre'  Iddon  that  the  dip  of  the  dark  schist  has  changed  to  the 
north-west.  East  of  this  point  we  come  almost  at  once  to  the  slaty 
beds  and  conglomerates  of  the  newer  series. 

The  railway-section  is  thus  seen  to  agree  precisely  with  the  suc- 
cession on  the  coast.  In  some  points  it  is  less  complete ;  but  it  dis- 

plays very  clearly  the  passage  of  the  grey  into  the  dark  schist,  so 
well  seen  in  the  Menai  anticline. 

3.  Distribution  of  the  gneissic  Subdivisions  to  the  North-east.  Halle- 
flinta.— This  band  gradually  narrows  towards  the  north-east,  being 

cut  out  by  the  fault  that  brings  the  lower  part  of  the  gneiss  series 
against  the  granitoidite  ;  so  that  at  Gwalchniai  it  is  hardly  visible, 
and  at  the  section f  north  of  the  Holyhead  road  the  grey  gneiss  is 
in  immediate  contact  with  the  granitoidite.  Some  of  the  gneissic 
rocks  of  Gwalchmai  display  a  transition  towards  the  halleflinta 
types. 

Quartz-schist.  This  zone  is  not  well  exposed  near  Ty  Croes.  To 
the  north-east  it  is  seen  atMelin  Ddrydwy  and  Glan'raf  on  ;  but  it  may 
be  best  studied  at  Gwalchmai  near  the  church,  on  the  road  to  the  south- 

west of  the  church,  and  on  the  Holyhead  road.  In  the  last  locality 
the  granitoidite  is  brought  against  it  by  the  fault.  The  dip  is  to 
the  south-east,  except  on  the.  Holyhead  road,  where  it  is  reversed. 
There  is  probably  a  broken  anticline  at  this  point.    The  prevailing 

*  I  was  at  first  disposed  (Geol.  Mag.  March  1880,  p.  123)  to  associate  this 
halleflinta  with  the  granitoidite,  since  similar  rock,  together  with  quartz- 
felsites,  is  included  in  that  group ;  but  the  coast-section  has  cleared  up  several 
difficulties. 

t  Geol.  Mag.  March  1880,  p.  124. 
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type  is  a  true  quartz-schist,  sometimes  passing  into  a  quartzose 
gneiss.  As  it  was  important  to  critically  compare  this  rock  with 
the  quartz  rocks  of  Holyhead  and  Bodafon  Mountains,  I  have  had 
four  specimens  cut ;  and  Prof.  Bonner  appends  full  descriptions 
(Notes  25-28,  p.  233). 

Grey  Gneiss.  From  the  section  east  of  Ty  Croes  station,  this 
band  may  be  traced  to  the  north-east,  forming  the  low  ridge  from 
Tal  y  llyn  to  Gwalchmai.  Passing  to  the  east  of  Gwalchmai  churchy 
it  is  well  exposed  about  Bodwinafawr,  and  on  both  sides  of  the 
marsh  (Cors  Bodwrog)  and  pool.  At  Bodwrog  church  it  is  in  contact 
with  granitoidite,  the  quartz-schist  having  in  its  turn  been  cut  out. 
In  the  ridge  to  the  east  of  the  church  the  gneiss  is  interstratified 
with  a  highly  crystalline  limestone,  or  calcite-schist  (Note  51,  p.  236). 
Prom  the  microscopic  description  it  will  be  seen  that  this  rock  re- 

sembles the  quartzose  limestone  of  Porth  Trecastell ;  and  it  is  pro- 
bably on  the  same  horizon.  The  normal  south-east  dip  is  preserved 

as  far  as  the  old  Holyhead  road,  north  of  the  marsh  ;  but  near  here 
a  change  takes  place,  and  black  Palaaozoic  shales  come  up  to  the 
granitoidite. 

Bark  Schist.  This  zone  is  not  well  seen  north  of  the  Holyhead 
railway.  The  fault  which  limits  it  on  the  south-east  gradually  cuts 
it  out,  so  that  east  of  Gwalchmai  the  slaty  series  approaches  the 
grey  gneiss.  The  gneiss  is  exposed  at  Pen  bryncle,  dipping  south- 

east ;  and  half  a  mile  to  the  south-east,  near  the  milestone  on 
the  Holyhead  road,  we  find  green  slaty  rocks  with  a  north-east  dip. 

III.  Central  Zone. 

This  band  extends  across  the  island  from  sea  to  sea.  It  is  the 
most  complicated  part  of  this  broken  and  contorted  area  ;  but  by 
steady  attention  to  the  lithology,  assisted  by  some  stratigraphical 
indications,  clear  results  may  be  secured. 

a.  Slaty  Series. 

In  following  up  the  gneissic  rocks  towards  Bodafon  Mountain  in 
order  to  ascertain  the  relation  between  the  gneissic  and  quartz 
groups,  I  was  surprised  to  find  an  area  of  slaty  rocks  between  the 
two.  At  Plas  Llanfihangel  dark  gneiss  and  granitoidite  dip  to  the 

south-west :  and  a  little  further  to  the  north,  at  Ma'n-addwyn, 
felspathic  shales  dip  as  if  they  would  pass  below  the  gneiss.  The 

rock  is  of  a  typical  St.-David's  type,  and  unquestionably  belongs  to 
the  younger  series.  High  up  on  the  south-east  slope  of  the  moun- 

tain are  similar  rocks  dipping  south-east.  The  dips  in.  both  cases 
being  away  from  the  quartz  rock,  it  was  natural  to  infer  that  the 
shales  rested  immediately  upon  it.  Further  examination  proved 
that  such  was  not  the  case. 

At  the  south-west  end  of  the  quartz  ridge  north-west  of  Ty'n- 
llidiart  the  flanking  rock  is  a  sort  of  hornstone,  banded  pink  and 
green,  of  a  common  Pebidian  type.  Approaching  the  hill,  the  horn- 
stone  is  seen  to  dip  away  from  it  to  the  south-west ;  but  surmounting 
the  low  ridge  made  by  the-  hornstone,  the  beds  are  observed  to  roll 
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over  and  plunge  directly  towards  the  quartz  at  the  very  junction. 
A  little  further  to  the  north,  above  the  farm,  the  evidence  of  dis- 

cordance is,  if  possible,  still  clearer.  In  the  quarry  is  a  good  section 
of  a  greenish  slaty  rock,  with  the  beds  striking  directly  at  the  quartz 
forming  the  ridge  at  a  distance  of  about  20  yards. 

It  is  thus  evident  that  the  slaty  series  is  faulted  against  the  quartz 
group  of  Bodafon  Mountain. 

b.  Gneissic  Series. 

1.  Bodafon  Mountain. — This  mass  cannot  be  brought  into  direct 
stratigraphical  relation  with  the  gneiss  group,  for  the  reasons  just 
explained  ;  but  the  lithological  resemblance  of  this  rock  to  the 
quartz-schist  of  Gwalchmai  and  Mynydd  baen  is  so  close  as  to 
render  the  correlation  highly  probable.  In  hand  specimens  some  of 
the  varieties  are  undistinguishable.  Prof.  Bonney,  who  was  not 
aware  of  my  views  when  working  on  the  specimens,  groups  a  typical 
variety  (Xote  29,  p.  233)  from  the  summit  of  the  mountain  with 
the  Gwalchmai  schists.  The  rock  of  the  western  ridge,  which  is  a 
little  more  schistose,  is  also  closely  represented  in  the  south-western 
localities.  The  inlier,  surrounded  by  newer  Palaeozoic  rocks,  which 
lies  to  the  south-east  is  precisely  similar  to  the  eastern  part  of  the 
hill. 

2.  Section  between  Liang  wyllog  and  Llanerchymedd. — The  suc- 
cession between  these  points  is  similar  to  that  of  the  coast-section 

between  Ty  Croes  and  Aberffraw ;  but  the  granitoidite  is  wanting 
in  the  latter,  and  the  dip  is  reversed,  so  that  the  two  sections  repre- 

sent the  two  sides  of  a  broken  anticline. 
The  granitoidite  occupies  a  large  area  south  of  Llanerchymedd. 

Bound  Coedana  is  a  grey  variety,  rather  small-grained.  To  the  south, 
at  Bhydgoch,  it  is  much  coarser,  consisting  of  fragments  of  pink 
felspar  in  a  matrix  of  smaller  bits  of  quartz,  felspar,  and  chlorite. 
The  older  geologists  would  have  called  it  a  porphyritic  granite. 

The  dark  schist  is  exposed  about  half  a  mile  further  to  the  south;, 

at  Glanrhyd,  being  the  band  of  "  greenstone  "  of  the  Survey.  Prof. 
Bamsay  originally  suspected  the  metamorphic  origin  of  this  rock ; 
and,  after  microscopic  examination,-  Prof.  Bonney  is  disposed  to 
consider  it  a  hornblendic  gneiss,  containing  felspar,  epidote,  horn- 

blende, and  some  quartz,  the  felspar  being  decomposed,  and  the 
whole  a  good  deal  "  messed."  Any  obscurity  arising  from  such  an 
altered  rock  is  removed  if  we  follow  the  strike  to  the  north-east. 
To  the  south-west  of  Graig  llwyd  there  is  a  good  exposure  of 
hornblendic  gneiss  interstratified  with  granitoidite.  The  gneiss 
sometimes  passes  into  hornblende-schist.  The  hornblende  is  well 
crystallized ;  and  the  alteration  is  very  slight. 

The  grey  gneiss  is  well  seen  about  two  furlongs  south  of  Glanrhyd, 
in  a  quarry  north  of  the  stream.  The  dip  is  high,  to  the  north-west ; 
and  the  rock  is  of  the  ordinary  type. 

rTo  rock  is  seen  on  the  road  for  two  or  three  furlongs  to  the 
south ;  but  north  of  Llangwyllog  church  there  is  a  slight  exposure 
of  hatteflinta  too  small  to  display  dip.     There  is  room  for  the 
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quartz- schist  between  this  rock  and  the  grey  gneiss ;  but  I  cannot 
affirm  its  presence. 

3.  Area  south-east  of  Paris  Mountain. — The  gneissic  rocks  of  this 
district  are  on  the  north-easterly  prolongation  of  the  strike  of  the 
central  zone ;  and  there  is  no  doubt  that  they  belong  to  the  same 
series :  the  dip,  the  succession,  and  the  prevailing  rock-types  are 
the  same. 

On  the  coast  between  Dulas  Bay  and  the  fault  north  of  Porth 
lygan  the  succession  is  not  satisfactory,  owing  to  great  disturbance. 
South  of  Porth  lygan  the  shore  is  mainly  occupied  by  sandstones 
and  conglomerates,  presumably  of  newer  Palaeozoic  age,  deposited 
on  an  eroded  surface  of  gneiss,  and  sometimes  wrapping  round  little 
promontories  of  the  older  rock.  The  prevailing  dip  is  easterly.  On 
Porth  lygan  the  gneissic  series  is  well  exposed.  Grey  gneiss,  dark- 
green  schist,  granitoidite,  and  quartzite  (all  the  types  which  occur 
on  the  strike  inland)  lie  in  confused,  contorted  and  shattered  masses. 
At  the  north  of  the  bay  the  rocks  are  less  disturbed,  and  dip  to  the 
north-west.  Black  Ordovician  (Lower  Silurian)  shales  are  faulted 
down  to  the  north,  resting,  in  a  clear  coast-section,  against  the 
granitoidite. 

Between  Llanwenllwyfo  and  jSTebo  the  succession  is  more  dis- 
tinct. Thin-bedded  gneiss  is  seen  at  several  points  north-west  of 

Llanwenllwyfo  and  north  of  Plas  uchaf ;  the  overlying  green  schist 
is  well  exposed  around  Bhos  manarch ;  and  the  capping  grani- 

toidite, with  associated  schist-bands,  forms  the  ridge  between  rTebo 
and  Ty-Newydd,  the  whole  dipping  to  the  north-west.  In  two 
quarries  south-east  of  Nebo  there  is  well  exposed  a  strong  band  of 
quartzite  and  quartzose  conglomerate,  similar  to  some  of  the  masses 
on  the  coast.  I  have  elsewhere*  given  reasons  for  believing  that 
this  is  the  equivalent  of  the  quartzose  conglomerate  of  Twt  Hill ; 
and  I  stated  that  in  these  quarries  the  rock  is  unconformably  over- 

lain by  black  shales  of  (at  least)  Bala  age.  If  the  shales  are 
Tremadoc  or  Arenig,  as  Prof.  Hughes  has  since  maintained,  the  fact 
is  still  more  strongly  confirmatory  of  the  Archaean  age  of  the 
quartzite.  As  the  point  is  important,  I  submit  a  section  (figs.  5  & 
6)  from  each  of  these  quarries. 

Since  this  quartz -rock  is  Precambrian,  is  conformably  underlain 
and  overlain  by  gneissic  strata,  and  occurs  on  the  coast  in  the  closest 
association  with  gneiss  and  granitoidite,  there  can  be  no  hesitation 
in  referring  it  to  the  older  Archaean  series.  It  must  not  however, 
be  confounded  with  the  quartz-schist  of  Bodafon  Mountain,  which  is 
lower  in  the  succession. 

Granitoidite  and  dark  schist  are  found  along  the  ridge  to  the 
west,  and  at  the  base  of  Paris  Mountain.  I  have  not  examined  the 
latter  locality ;  but  Mr.  Allport  kindly  allows  me  to  use  some  notes 
made  by  him  in  May  1868.  The  numbers  refer  to  specimens  now 
in  the  British  Museum. 

"443.  Pine-grained  granite?  South-east  flank  of  Paris  Mountain. 
"  444.  Granite  ?    100  yards  from  last. 

*  Geol.  Mag.  March  1880,  p.  118. 



GEOLOGY  OF  ANGLESEY. 221 

"  338.  Hornblende-schist,  passing  into  a  more  compact  rock  (339), 
not  schistose,  or  very  slightly  so ;  and  this,  again,  into  hornblende 
and  felspar  rock,  very  similar  in  appearance  to  that  at  Malvern  (340). 

"  This  is  an  interesting  case,  as  the  above  varieties  were  taken 
from  different  parts  of  the  same  large  block.  As  in  Malvern  rocks, 
epidote  occurs  near  the  joints.  No.  340  might  be  called  horhblendic 
gneiss ;  the  felspar  is  well  crystallized  in  many  parts  of  the  mass. 
In  this  place  there  is  also  hornblende  and  mica  rock ;  and  in  some 
parts  hornblende  and  felspar  occur  in  separate  layers.  The  granite 
has  a  gneissose  structure ;  and  to  my  mind  the  evidence  is  clear  that 

the  whole  form  a  series  of  metamorphic  rocks." 
I  am  glad  to  quote  confirmatory  evidence  by  so  competent  a 

lithologist,  and  trust  that  it  will  be  unnecessary  to  multiply  refuta- 
tions of  the  old  "  granite-vein  "  hypothesis. 

4.  Structure  of  the  Zone. — For  structural  purposes  it  is  necessary 
to  include  in  this  band  the  gneissic  area  between  Ty  Croes  and 
Aberffraw.  The  whole  forms  a  complex  and  shattered  anticline.  A 
central  fault  margins  the  granitoidite  on  the  east  from  Caernarvon 
Bay  to  a  mile  north-east  of  Bodwrog  ;  then  it  curves  a  little  to  the 
east,  and,  passing  near  Llangwyllog,  leaves  room  for  the  underlying 
gneisses.  The  strata  dip  in  opposite  directions  on  each  side  of  the 
fault.  This  dislocation  thus  appears  to  pass  along  the  summit  of 
the  anticline;  but  it  does  so  obliquely,  permitting  the  south-east 
side  of  the  arch  to  open  out  towards  the  south-west,  and  the  north- 

west side  to  expand  towards  the  north-east ;  so  that  we  have  an 
almost  complete  section  between  Llangwyllog  and  Llanerchymedd 
as  we  have  between  Porth  Nobla  and  Aberffraw,  but  with  the  oppo- 

site dip. 
The  large  area  occupied  by  the  granitoidite  may  seem  to  require 

explanation.  As  this  rock  rarely  exhibits  bedding,  its  relations 
are  frequently  obscure  ;  but,  fortunately,  in  the  district  between 
Gwalchmai  and  Llechyn  farwy  the  dark  Holyhead  schist,  which 
immediately  underlies  it,  is  brought  up  by  repeated  undulations. 
Near  Gwalchmai,  for  example,  the  granitoid  rock  dips  north-west ; 
but  to  the  west  it  is  thrown  off  in  opposite  directions  in  the  Craig- 
yr-allor  anticline.  The  granitoidite  is,  then,  a  band  of  no  great 
thickness,  repeated  by  contortions.  There  is  also  evidence  of  repe- 

tition by  faults. 
The  generalized  section  (fig.  1)  represents  the  relations  of  the 

principal  rock-groups  in  Anglesey. 
IV.  rToETHEEN  A£EA. 

This  district  is  bounded  on  the  south  by  the  curved  fault  which, 

starting  from  near  Carmel's  Point  on  the  west,  passes  round  by  way 
of  Llanffiewin  and  Paris  Mountain  to  the  east  coast  at  Porth-y- 
corwg.  The  rocks  are  very  much  contorted  and  broken ;  but  there 
appears  to  be,  on  the  whole,  an  ascending  series  from  the  fault  to  the 
north  coast.  The  dip  is  generally  to  the  north ;  but  on  the  west  it 
is  to  the  north-east. 

1.  Volcanic  group  of  Paris  Mountain. — The  chief  types  of  this 
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ridge  are  a  felspathic  breccia  and  a  compact  felspathic  rock  like 
hornstone  ;  but  both  varieties  are  quite  distinguishable  from  any 
other  rocks  in  Anglesey.  At  the  east  end  of  the  hill,  by  the  Pen- 
sarn  chapel,  the  breccia  is  well  exposed.  The  fragments,  some  of 
which  are  a  yard  in  diameter,  are  a  very  compact  felstone ;  and  the 
matrix  is  a  sort  of  greenish  ash.  The  rock,  as  a  whole,  reminded 

me  of  the  compact  breccias  at  Clegyr  Bridge,  St.  David's.  Prof. 
Bonney  has  since  examined  a  slide  ;  and  he  is  of  opinion  that  it 
exhibits  both  perlitic  and  fragmental  structure  and  is  in  all  proba- 

bility a  rhyolitic  ash.  The  dip  of  the  series  is  to  the  north,  agreeing 
with  that  of  the  adjoining  slaty  group.  About  100  yards  to  the  east 
of  the  chapel,  and  therefore  on  the  same  strike,  is  a  knoll  composed 
of  a  pale-green  and  purple  rock,  very  compact,  almost  like  jasper. 
Under  the  microscope  (Note  53,  p.  236)  it  is  seen  to  be  a  trachyte, 

probably  from  a  lava-flow,  and  is,  in  Prof.  Bonney's  judgment,  as 
modern  in  its  appearance  as  the  rock  composing  the  enclosed  pebbles 
near  Bodorgan.  The  purple  variety  is  not  unlike  some  of  the  flinty 
felstone  common  in  the  Precambrian  of  Shropshire.  From  litho- 
logical  characters  the  Archaean  age  of  this  group  appears  not 
improbable,  though  it  must  be  conceded  that  it  does  not  resemble 
very  closely  the  volcanic  group  south  of  Bangor.  Field  work  throws 
little  light  upon  the  problem.  On  the  north  side  the  ridge  is  bounded 
by  a  fault ;  and  at  the  base  of  the  southern  escarpment  black  shales 
seem  to  pass  conformably  under  the  volcanic  group.  The  two  rocks 
appear  within  three  or  four  feet  of  each  other,  dipping  in  the  same 
direction  into  the  steep  face  of  the  hill.  There  are,  however,  no 
signs  of  a  passage  between  the  black  shales  and  the  compact  felspa- 

thic rock.  The  appearance  of  conformity  might  be  produced  by 
faulting,  accompanied  or  followed  by  lateral  pressure ;  and  there  are 
abundant  proofs  of  both  in  the  district ;  but,  under  the  circumstances, 
I  hesitate  to  include  this  group  in  the  slaty  series. 

2.  Chloritic  Schists  of  Mynydd  Mechell. — This  group  is  the  "  foli- 
ated grit"  of  Ramsay.  In  the  field  it  has  the  appearance  of  a 

quartzose  grit,  with  chlorite  covering  lamination  surfaces  ;  but  Prof. 
Bonney,  after  microscopic  examination,  regards  it  as  a  true  schist 
(Note  45,  p.  234)  of  the  Holyhead  type,  though  he  admits  that  the 
chloritic  constituent  is  "  rather  minute."  These  rocks  are  much 
contorted,  and  are  frequently  penetrated  by  dykes  of  felstone  and 
dolerite  running  with  the  strike.  At  a  higher  horizon,  at  Cas 
Clock  and  west  of  Rhos-y-pill,  the  rock  is  an  undoubted  schist  with 
silvery  lustre  (Note  46,  p.  234).  Some  of  the  strata  north-east  of 
Paris  Mountain  are  not  unlike  this  schist,  as  may  be  seen  at  Cerrig, 
on  the  Amlwch  road. 

It  is  important  to  observe  that  Prof.  Bonney  agrees  with  me  in 
recognizing  (Notes  under  C,  p.  234)  a  difTerence  between  these 
schists  and  those  of  the  gneissic  districts  ;  but  in  such  a  broken 
country  it  is  difficult  to  prove  that  these  rocks  should  go  with  the 
slaty  series.   My  reasons  for  so  associating  them  are  the  following : — 

(1)  The  rocks  are  not  uniformly  foliated.  To  the  west  of  Cas 
Clock,  for  example,  chloritic  schist  is  overlain  in  the  same  quarry 
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by  hard  grits.  In  the  same  neighbourhood  arc  bands  of  hornstonc, 
similar  to  ordinary  Pebidian  types,  associated  with  schist. 

(2)  These  rocks  appear  to  pass  up  through  less  altered  varieties 
into  slightly  metamorphosed  grits  and  shales,  as  seen  south  of 
Llanfcchell  and  in  localities  to  the  east. 

(3)  The  alteration  is  not  carried  so  far  as  is  usual  in  the  older 
series. 

(4)  In  the  undoubted  slaty  districts,  as  west  of  Cerrig  Ceinwen, 
the  rock  frequently  undergoes  partial  metamorphism,  and  bands 
occur  which  might  almost  pass  for  true  foliated  schists. 

(5)  This  area  is  scored  with  intrusive  dykes.  I  do  not  suppose 
that  these  are  the  cause  of  metamorphism ;  but  they  indicate  the 
proximity  of  a  source  of  heat,  which  may  have  been  concerned  in 
the  change. 

3.  Llanfeehell  Grits. — The  altered  rocks  of  Mynydd  ATec-hell  appear 
to  pass  to  the  north  into  a  series  of  green  grits,  well  exposed  round 
Llanfeehell.  This  rock,  has  undergone  much  alteration,  to  which 
probably  the  colour  is  due.  Microscopic  examination  (Note  47, p. 234) 
brings  to  light  the  important  result  that  it  is  "  almost  certainly 
derived  from  the  older  gneissic  and  schist  rocks  of  this  region  of 

North  Wales."  These  grits  are  also  seen  on  the  strike  to  the  south- 
east near  Bodewryd. 

4.  Bhosbeirio  Shales.- — -West  of  Rhosbeirio  church,  and  in  a  quarry 
near  the  farm,  are  very  interesting  exposures  of  felspathic  rocks  of 

the  true  St.-David's  type.  These  shales  are  soft,  well  laminated, 
and  fine-grained ;  but  here  and  there  are  thin  seams  of  grit  like  the 
variety  just  described.  While  the  body  of  the  rock  is  but  slightly 
altered,  the  gritty  bands  have  a  very  schistose  look.  The  prevailing 
colours  are  pale  green  and  purple  ;  but  there  are  also  some  beds  of  a 
soft  yellow  shale,  like  a  common  variety  in  North-western  Anglesey. 
The  dip  is  to  the  north  at  30°.  Under  this  group,  at  Nant-y-cyntin, 
slaty  beds  of  a  more  altered  character,  intermediate  between  these 
shales  and  the  Cas-Clock  schist,  are  seen. 

5.  Sharply  contorted  Group  south-east  of  Amlwch. — At  Crogan 
goch  and  on  towards  Llaneilian  are  exposed  the  remarkable  rocks 
described  and  figured  by  Prof.  Ramsay.  The  foliated  structure  (Note 
49,  p.  234)  of  these  slaty-looking  beds  is  not  very  evident  to  the 
naked  eye.  Similar  rocks  compose  the  tongue-shaped  promontory 
of  Point  iElianus ;  but  sometimes  contortion  is  wanting.  At  the 
base  of  the  promontory  the  beds  are  gritty  and  partially  altered 
(Note  48,  p.  235). 

6.  Amlwch  Slates  and  Cemmaes  Limestones. — South  of  Amlwch, 
near  Crogan  goch,  the  last  group,  with  the  intervention  of  an  ashy 
band,  is  succeeded  by  uncontorted  pale-green  chloritic  slaty  beds 
(Note  50,  p.  235),  which  are  continued  to  the  coast  and  all  along  the 

west  side  of  Bull  Bay  to  Ogo'  goch.  The  dip  is  steadily  to  the 
north  at  a  moderate  angle  ;  and  the  thickness  must  be  considerable. 
Towards  the  west,  on  Porth  wen,  bands  of  limestone  and  quartz- 
conglomerate  come  in ;  and  further  west,  on  Cemmaes  Bay,  limestone 
and  quartz  rock  predominate  over  the  slaty  beds.    I  am  not  certain 
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that  the  Amlwch  and  Cemmaes  groups  are  on  the  same  horizon ; 
but  the  evidence  appears  to  point  in  that  direction.  The  limestone 
(Note  52,  p.  236)  is  very  similar  to  a  rock  at  Llanfaethlu ;  and  the 
associated  slaty  beds  are  alike  in  both  localities ;  but  it  would  be 
rash  to  correlate  the  groups. 

The  northern  area  (omitting  Paris  Mountain)  is  thus  seen  to 
consist  of  chloritic  schists,  felspatho-quartzose  grits,  felspathic  shales, 
chloritic  slates,  quartz-conglomerates,  and  grey  limestones,  with  some 
limestone  bands  on  more  than  one  horizon.  In  such  a  shattered 
district  a  true  succession  can  hardly  be  indicated.  North  of  Paris 
Mountain  some  of  the  horizons  are  probably  faulted  out  of  sight, 
and  it  is  difficult  to  correlate  the  rocks  of  this  district  with  those 
further  west.  Most  of  the  groups  appear  to  pass  into  each  other, 
either  vertically  or  laterally  ;  and  I  cannot  avoid  the  conclusion  that 
they  all  belong  to  the  same  epoch. 

V.  North-western  Area. 

In  Western  Anglesey  are  two  well-marked  groups  of  strata,  which 
I  regard  as  the  equivalents  respectively  of  the  Gneissic  and  Slaty 
series.    They  are  brought  together  by  a  fault. 

Porth-y -clef aid  Fault. — This  dislocation  is  situated  on  the  west 
coast,  about  midway  between  the  northern  and  southern  extremities. 
It  is  well  seen  on  the  shore,  striking  inland  to  the  east.  Greenstone 
is  erupted  along  the  line  of  junction,  and  alters  the  strata  for  a 
short  distance  on  each  side.  South  of  the  fault  are  thoroughly  crys- 

talline quartzo-micaceous  and  chloritic  schists  dipping  north-west ; 
while  close  at  hand  on  the  north  side  green  ashy  shales  dip  north- 

east. This  fault  is  the  boundary  between  the  two  series ;  for  true 
schists  with  a  south-west  strike  occur  everywhere  to  the  south, 
while  a  comparatively  unaltered  group,  with  a  prevailing  northerly 
dip,  stretches  right  up  to  the  north-west  corner  of  the  island. 

Section  from  the  Fault  to  Pen  bryn'r  Eglwys. — Proceeding  north- 
ward, we  find  at  Trefadog  ashy  shales  dipping  north-east.  In  the 

quarries  north  of  Llanfaethlu  church  is  a  good  section  of  grey  lime- 
stone and  pale-green  ashy  slate  with  easterly  dip.  The  former  is  com- 
pact, and  apparently  as  unaltered  as  any  Palaeozoic  limestone.  A 

careful  search  revealed  no  trace  of  fossils.  The  slaty  rock  is  of  a 
common  Anglesey  type ;  and  the  whole  group  is  like  the  Cemmaes 
series.  About  Llanrhyddlad  exposures  are  numerous.  At  Porth 
Swtan,  on  Church  Bay,  is  a  considerable  thickness  of  yellowish  fel- 

spathic slate  and  breccia.  The  dip  is  north-east,  with  slight  contor- 
tion on  a  small  scale.  Higher  beds  are  seen  in  quarries  at  Ehyd 

N gharad ;  the  rocks  are  brecciated  in  part  and  very  felspathic. 
Greenish  colours  predominate.  One  variety,  a  pale-green  slate, 
contains  cubic  pyrites.  On  about  the  same  horizon,  at  Ogo  Lowry, 
are  green  brecciated  rocks  more  highly  indurated. 

The  district  between' Ogo  Lowry  and  Penbryn 'r  Eglwys  is  one  of 
the  most  faulted  parts  of  the  island  ;  the  section  consists  of  alterna- 

tions of  Archaean  and  Palaeozoic  rocks,  repeated  by  faults,  and  dipping 
to  the  north.  The  wedges  of  dark  shale  let  in  amongst  the  older 
group  are  very  clearly  seen  in  the  sea-ciifTs.    The  younger  shale,  of 
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course,  frequently  appears  to  pass  under  the  felspathic  series.  Such 
facts  suggest  great  caution  in  trusting  to  dips  in  areas  where  the 
faulting  is  not  clearly  seen.  The  lithology  here,  as  generally  in 
Anglesey,  is  the  true  guide.  The  Precambrian  chiefly  consists  of 
felspathic  breccia.  The  fragments  are  usually  of  similar  composition 
to  the  matrix ;  but  some  are  of  quartzite.  The  felspathic  fragments 
weather  out  sharply  where  the  cliffs  are  washed  by  the  spray.  On 

the  whole  this  rock  strongly  suggests  the  breccia  near  Nun's  Well, 
St.  David's.  Good  exposures  are  seen  at  Yynys  yfydllyn,  Porth  yr 
hwch,  and  west  of  Pant  yr  Eglwys.  The  thickness,  owing  to  such 
frequent  faulted  repetitions,  probably  is  not  great. 

The  section  at  Pen  bryn'r  Eglwys  is  of  much  interest.  In  this 
great  headland,  which  juts  out  at  the  north-west  corner  of  Anglesey, 
are  rocks  which  are  described  in  the  section  of  the  Survey  Map  as- 
"gneissic  rocks  pierced  by  granite  veins ;"  and  these  are  represented 
as  passing  on  the  south  into  "  metamorphic  foliated  rocks."  The 
latter  are  the  felspathic  shales  and  breccias  already  noticed.  The 
description  of  the  former  also  requires  modification. 

The  breccias  pass  up  into  the  southern  slope  of  the  headland, 
where  they  are  succeeded  by  a  band  of  quartzite.  This  is  over- 

lain by  a  considerable  thickness  of  greenish  felspathic  beds  of  ordinary 
Pebidian  type  and  not  much  altered.  The  highest  ridge  of  the 
promontory  consists  of  this  rock.  Eollowing  these  strata  across  the 
strike  to  the  north,  they  are  seen  gradually  to  change,  the  rock 
putting  on  a  glazed  aspect,  and  mica  appearing  in  small  quantities 
on  the  lamination-planes.  This  altered  material  soon  passes  into 
thoroughly  foliated  gneiss  and  granitoidite. 

It  was  rather  startling  to  find  true  metamorphic  rocks  associated 
with  comparatively  unaltered  felspathic  beds  of  the  newer  series. 
The  granitoidite  is  very  similar  to  that  of  the  older  gneiss ;  and  my  first 
impulse  was  to  refer  it  to  that  group.  In  such  a  shattered  district 
as  Anglesey,  especially  in  such  an  area  as  its  north-west  corner,  a 
faulting-up  of  the  older  series  seemed  not  unlikely.  But,  after  careful 
examination,  I  found  it  impossible  to  accept  this  supposition.  The 
transition  between  the  unaltered  rock  and  the  schists  is  gradual  and 
complete.  A  close  comparison  furthermore  revealed  lithological  dis- 

tinctions between  the  gneiss  of  the  two  series,  the  most  important 
of  which  is  a  difference  in  the  colour  and  lustre  of  the  mica. 

The  cause  of  metamorphism  was  not  apparent.  The  "granite 
veins  "  of  the  Survey  are  probably  the  granitoid  bands  in  the  gneiss. 
Some  quartz  veins  running  across  the  cliffs  may  have  suggested  the 
intrusion  of  granite.  As  this  metamorphosed  mass  occurs  in  the 
neighbourhood  of  the  Mynydd-Mechell  schists,  the  alteration  in  both 
cases  may  be  due  to  the  same  general  cause. 

YI.  Westeen  Aeea. 

All  the  rocks  south  of  the  Porth-y-defaid  fault  and  west  of  the 
Palaeozoic  area  belong  to  the  older  series. 

1.  The  Mainland. — This  district  is  chiefly  occupied  by  green 
chloritic  schists  (Note  37,  p.  234)  similar  to  the  rocks  described  from 
theMenai  anticline,  Aberff raw,  Craig  yr  allor,  and  east  of  Paris  Moun- 
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tain.  The  dip  is  usually  to  the  south-east;  but  the  beds  frequently 
roll  over  to  the  north-west,  as  may  be  seen  south  of  Porth  twyn- 
mawr,  and  at  Caer  ceiliog  on  the  Holyhead  road.  There  is  no  doubt 
that  these  schists  represent  the  dark  green  band  which  in  the 
central  zone  underlies  the  granitoidite. 

2.  Holyhead  District. — Chloritic  schists  arc  well  seen  at  many 
points  in  and  round  the  town.  A  typical  specimen  from  Porth  felin 
(Note  36,  p.  234)  is  of  the  same  character  as  the  schist  at  Porth  y 
defaid.  The  strike  is  to  the  south-west ;  and  undulations  are  numerous. 
These  rocks  are  separated  from  the  quartz  group  by  faults  :  one,  on 
the  south-west,  runs  from  the  south  coast,  at  Porth  y  corwgl,  to  the 
south  end  of  Holyhead  Mountain  ;  and  another,  on  the  north-west, 
lies  along  the  south-eastern  base  of  the  mountain  and  cuts  the  coast 
at  Porth  yr  Ogof. 

Porth-yr-Ogof  fault. — Prof.  Ramsay  *  states  that  the  ';  quartz 
rock"  dips  under  the  "  foliated  schists  ;"  and  he  gives  a  section  in 
support  of  his  opinion.  This  view  would  have  greatly  simplified 
my  work  ;  but  on  visiting  the  spot  I  was  disappointed  to  find  that  the 
two  groups  were  brought  together  by  a  fault.  There  was  a  notch 
in  the  cliff;  on  one  side  was  quartz  rock,  and  on  the  other  green 
schists  (Note  35,  p.  234),  with  no  signs  of  a  passage.  The  break 
was  filled  in  with  fallen  rubbish.  It  was  very  fortunate  that  this 
dislocation  was  discovered,  as  it  compelled  me  to  seek  the  true 
succession  elsewhere. 

Holyhead  Mountain. — The  microscopic  examination  (Note  31, 
p.  233)  of  a  typical  specimen  of  the  quartz  rock  from  the  great  quarry 
shows  that  it  is  a  true  quartz-schist  of  the  same  type  as  tho  Bodafon, 
Gwalchmai,  and  Mynydd-baen  quartz  groups.  The  structure  of  the 
mountain  is  interesting.  Ascending  the  south-east  slope,  separation- 
planes  are  seen  to  dip  to  the  north-west  at  about  80°  ;  but  on  the 
north-west  side  the  dip  changes  to  south-east  at  the  same  angle.  The 
planes  are  not  close  and  even,  as  in  slaty  cleavage,  but  they  cause 
the  rock  to  split  in  large  thick  flat  flakes.  This  difference  is  doubtless 
due  to  the  coarseness  of  the  material ;  and  the  planes  must  represent 
true  cleavage.  The  cleavage-strike  agrees  with  the  strikes  of  the 
contorted  bedding  and  of  the  ridge. 

The  Holyhead  district  is  thus  brought  into  clear  comparison  with 
other  parts  of  Anglesey.  The  chloritc-schists  undoubtedly  repre- 

sent the  dark  schist  which  underlies  the  granitoidite  in  the  central 
zone  ;  and  the  quartz-schists  may  with  the  highest  probability  be 
placed  on  the  same  horizon  as  the  foliated  quartz  rocks  of  Bodafon 
and  Gwalchmai .  The  absence  of  the  grey  gneiss  is  easily  explained. 
On  both  the  west  and  south  the  junction  between  the  quartz  and 
chloritic  groups  is  a  fault ;  but  the  two  formations  dip  in  the  same 
direction,  and  the  downthrow  is  apparently  on  the  side  of  the  chlo- 
rite-schist.  As  the  latter  group  is  repeated  in  numerous  shallow 
curves,  there  is  no  reason  why  the  grey  gneiss  should  appear  at  the 
surface,  as  it  does  amidst  the  deeper  undulations  of  the  Menai  anti- 
line. 

*  Geology  of  North  Wales,  p.  183. 
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The  chloritic  rocks  of  this  area  are  rather  more  quartzosc  than  in 
most  Anglesey  localities  ;  but  they  resemble  some  of  the  varieties  in 
Mynydd  Llwydiarth,  and  there  are  indications  in  both  districts 
that  a  source  of  quartz-derivation  was  not  far  distant. 

3.  JRlioscolyn  District. — -The  south-eastern  half  of  Holyhead  Island 
is  similar  in  structure  to  the  Hotyhead  area ;  but  the  rocks  are 
affected  by  an  upheaving  force  to  the  south,  so  that  the  prevailing 
dip  is  to  the  north.  The  green  schists,  which  occupy  the  chief  part, 
need  no  further  description.  The  southern  fault,  which  separates 
the  quartz  and  chloritic  groups  south  of  Holyhead,  passes  under  the 
sea,  and  holds  the  same  relation  near  I^hoscolyn.  It  is  first  seen 
near  Bwa  du,  and  again  appears  on  the  coast  to  the  south-east  at  Borth 
wen,  passing  in  its  course  near  Rhoscolyn  church,  where  the  quartz- 
schist  (JNo.  32,  p.  233)  is  exposed,  dipping  northerly.  A  few  yards  to 
the  north  the  chloritic  group  dips  in  the  same  direction,  at  about  the 
same  angle.  At  Bwa  du  the  junction  is  well  seen,  both  series  dip- 

ping northerly,  the  green  schist  at  a  lower  angle  than  the  other. 
The  quartz  group  forms  an  elevation.  Mynydd  Bhoscolyn,  as  is  usual 
in  Anglesey. 

At  Borth  Saint,  south  of  Bwa  du,  the  contortion  is  intense.  There 
is  evidence,  from  the  folding  of  quartz  veins,  that  the  rock  has  been 
squeezed  to  one  fourth  of  its  original  bulk.  At  one  spot  there  is 
a  very  curious  specimen  of  ripple-mark,  distorted  so  as  to  be  almost 
unrecognizable.  Quartzite  dips  to  the  north,  and  is  underlain  by 
soft  schist.  The  under  surface  of  the  former  overhangs,  and  is 
covered  with  rounded  projections,  which  are  evidently  the  squeezed 
casts  of  ripple-marks.  The  schist  was  the  mud  which  received  the 
impressions  of  the  ripples;  and  the  quartzite  represents  the  sand 
which  covered  in  and  preserved  the  marks.  I  have  elsewhere  * 
figured  and  described  the  above  phenomenon.  It  is  important  to 
record  ripple-marks  in  so  ancient  a  formation. 

South  of  the  last  locality  is  a  considerable  thickness  of  chloritic 
quartz-schist  (Note  33,  p.  233). 

B.  Summary  oe  Results. 

I.  Distribution"  op  the  Rocks. 

[See  Map  (PI.  VIII.)  and  Pig.  1.] 

a.  Gneissic  Series . 

1.  Geographical  Distribution. — This  series  occupies  the  greater 
part  of  the  Menai  anticline.  It  reappears  west  of  the  Llangefni 
slaty  area,  and  forms  the  whole  of  the  central  zone,  except  the 
faulted  mass  south-west  of  Bodafon  Mountain.  It  then  reemerges 
west  of  the  Palaeozoic,  and  covers  AVestern  Anglesey  south  of  the 
Porth-y-defaid  fault.  About  three  fifths  of  the  area  coloured 
"altered  Cambrian  and  Silurian"  consists  of  gneissic  and  schistose 
rocks. 

*  'Science  for  AH,'  part  xxxi.  pp.  203  and  2QS. 
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The  Jialleflinta  forms  a  band  extending  from  Porth  Nobla  to 
near  Gwalchmai.   It  is  probably  represented  north  of  Llangwyllog. 

The  quartz-schist  extends  on  the  strike  from  Mynydd  baen  to 
Gwalchmai.  It  may  occur  in  its  place  north  of  Llangwyllog ;  but 
it  emerges  in  the  craggy  mass  of  Bodafon  Mountain  and  in  the 
small  inlier  to  the  east.  In  Western  Anglesey  it  forms  the  eleva- 

tions of  Holyhead  Mountain  and  Mynydd  Rhoscolyn. 
The  grey  gneiss  is  brought  up  through  the  dark  schist  on  the 

western  side  of  the  Menai  anticline  at  Gaerwen  and  east  of  Pentraeth. 
In  central  Anglesey  it  runs  from  near  Porth  Trecastell  to  north- 

east of  Bodwrog,  reappearing  soon  after  on  the  opposite  side  of  the 
anticline  north  of  Llangwyllog,  and  further  to  the  west  in  the  Craig- 
yr-allor  anticline.  To  the  north-east  it  is  seen  in  the  area  south- 

east of  Paris  Mountain. 
The  dark  schist  occupies  the  greater  part  of  the  Menai  anticline. 

It  emerges  west  of  the  Llangefni  "  syncline,"  but  is  gradually  faulted 
out  towards  Gwalchmai.  On  the  opposite  side  of  the  central  anti- 

cline it  forms  a  band  as  far  to  the  north-east  as  Plas  Llannhangel, 
and  is  brought  up  through  the  granitoidite  in  the  oval  dome  of  Craig 
yr  allor.  It  also  occurs  south-east  of  Paris  Mountain.  In  Western 
Anglesey  it  constitutes  the  schistose  area  south  of  the  Porth-y-defaid 
fault  and  north  of  the  quartzose  masses. 

The  granitoidite  is  the  "  granite  "  band  of  the  Survey.  The  details 
are  inaccurately  laid  down  in  their  map  at  many  points ;  but  little 
theoretical  importance  attaches  to  these  errors.  There  are  slight 
traces  of  this  rock  on  the  west  side  of  the  Menai  anticline. 

2.  Stratigraphical  Distribution. — One  of  the  most  difficult  pro- 
blems in  Anglesey  was  to  make  out  the  succession  of  the  subdivisions 

of  this  group.  In  no  single  section,  owing  to  the  faulting,  is  the 
series  entire ;  but  the  subdivisions  are  recognizable  by  their  litho- 
logical  characters ;  and  by  comparing  localities  the  fragments 
are  pieced  together  into  a  complete  succession.  The  facts  will  be 
best  expressed  in  the  following  table,  the  groups  being  taken  in  de- 

scending order : — 

1.  Holy- head. 
2.  Craig 

yr  allor. 
3.  Coed- ana. 

4.  Dulas Bay. 

5.  Ty 

Croes. 6.  Menai. 

Granitoidite  ... * * * Traces. 

Dark  sjhist  ... * * 

Grey  gneiss    . . . 

*- 

* * 

Quartz-schist . . . 
Halleflinta  ... 

The  star  indicates  the  existence  of  the  subdivision  in  the  locality 
at  the  head  of  the  column.  By  comparing  5  with  2,  3,  and  4,  it 
will  be  seen  that  two  groups  are  common  to  the  four  areas  ;  and 
they  serve  to  link  together  the  lowest  and  highest  subdivisions. 
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The  series  is  probably  complete  in  3 ;  but  in  running  the  section  I 
could  get  no  exposure  between  an  obscure  opening  of  hiilleflinta  and 
the  grey  gneiss,  and  I  had  not  time  to  search  beyond  the  highroad. 

b.  Slaty  Series. 

This  group  occupies  four  areas,  viz.  the  small  mass  south- 
west of  Pentraeth,  the  east  side  of  the  Llangefni  "syncline,"  northern 

Anglesey,  and  the  western  division  north  of  the  Porth-y-defaid 
fault.    The  chief  facts  are  thus  summarized : — 

(1)  South  ivesi  of  Pentraeth  (Wugan-bach  ridge). 
Slaty  and  dolomitic  rocks. 

(2)  Llangefni  district. 
Slates  (some  hypometamorphic  *),  grits,  green  conglomerates, 

purple  and  green  shales,  hornstone,  calcareous  beds. 
(3)  Northern  district. 

Chloritic  schists,  altered  grits,  green  and  purple  shales,  slates 
(some  hypometamorphic),  quartz-conglomerates,  limestones, 
hornstone. 

(4)  No rth-iv ester n  district. 
Yellow  felspathic  shales  and  breccias  predominating,  quartz- 

conglomerates,  pale-green  slates,  and  limestones. 
I  am  not  prepared  to  submit  a  scheme  of  the  succession.  The  rocks 

of  area  1  are  not  unlike  some  of  those  near  Cerrig  Ceinwen  in  area 
2.  Comparing  2  and  3,  the  rocks  are  similar  as  a  whole ;  but  the 
green  conglomerate,  so  conspicuous  in  2,  is  not  seen  in  3,  while  the 
quartz-conglomerates  and  grey  limestone  of  3  do  not  appear  in  2. 
Portions  of  3  are  also  altered  to  schist,  while  in  2  the  transition 
into  foliated  rock  is  rarely  complete.  The  felspathic  breccias  of  4 
do  not  certainly  occur  in  any  of  the  other  areas  ;  but  its  quartz- 
conglomerates,  slates,  and  limestones  are  similar  to  those  of  3.  The 
interesting  Ehosbeirio  shales  in  3  have  less  complete  representatives 
in  2,  but  are  fully  exhibited  in  4. 

The  rocks  of  these  four  areas,  though  geographically  isolated,  are 
closely  connected  by  their  mineral  and  penological  characters,  and 
I  have  no  hesitation  in  placing  them  all  in  the  same  group.  Should 
the  chloritic  schists  of  the  north  be  separated  from  the  newer  series, 
it  will  not  materially  affect  my  general  conclusions.  The  same 

remark  applies  to  the  small  patch  of  gneissic  rock  at  Bryn  'r  Eglwys. 
II.  Evidence  of  Age. 

a.  Relations  to  Palaeozoic  Groups. 

Gneissic  Series. — It  is  not  necessary  to  recapitulate  the  evidence 
for  Precambrian  age.  The  sections  in  the  quarries  near  Nebo  would 
alone  be  sufficient  to  remove'  all  doubt. 

Slaty  Series. — These  rocks  do  not  clearly  underlie  any  part  of  the 
Cambrian  ;  they  are,  indeed,  overlain  by  a  purple  conglomerate  on 
the  north  coast,  west  of  Tor  llwyn.    The  pebbles  of  this  rock  are  a 

*  The  term  "  submetamorphic,"  used  by  some  authors,  is  objectionable  on grammatical  grounds. 
Q.  J.  G.  S.  No.  146.  b 
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purple  quartzo-felspathic  grit :  "but  I  have  no  certain  proof  of  its 
age. 

The  Precambrian  age  of  the  series  may  be  inferred  from  included 
fragments.  The  rocks  west  of  the  granitoid  zone  are  shown  by  the 
fossils  collected  by  Prof.  Hughes  to  be  Tremadoc  and  Arenig.  In 
the  conglomerates  west  of  Llanfaelog,  which  appear  to  be  of  at 
least  equal  antiquity,  a  large  proportion  of  the  pebbles  are  certainly 
derived  from  the  Slaty  series,  pale  green  and  purple  hornstone  and 
slate  being  the  most  common.  It  is  also  worthy  of  notice  that 
the  Harlech  conglomerates  of  Caernarvonshire  contain  fragments 
of  green  and  purple  slate  *,  which  must  therefore  be  Precambrian: 
and  of  no  distant  source  of  derivation. 

The  relations  of  these  series  to  the  Cambrian  rocks  in  contact 
indicate  the  same  result.  At  numerous  points  the  two  groups  are 
brought  together  by  faults  ;  but  while  the  Slaty  series  is  generally 
more  or  less  altered,  the  Cambrian  shales  are  quite  unchanged,  and 
I  have  never  observed  the  slightest  indications  of  a  passage  between 
the  two,  the  line  of  demarcation  being  always  clear  and  sharp.  The 
Slaty  series  must  therefore  have  undergone  partial  metamorphism 
before  the  Cambrian  period,  otherwise  it  is  difficult  to  see  how  the 
Cambrian  rocks  could  have  remained  unaltered. 

The  black  shales  in  some  localities  dip  as  if  they  would  pass  under 
the  altered  scries ;  but  at  many  points  the  latter  also  appear  to  pass 
beneath  the  former.  In  such  a  shattered  district  this  evidence  is 

worth  nothing  in  either  case,  unless  an '  unbroken  sequence  can  be 
proved. 

I  am  not  prepared  absolutely  to  deny  that  true  Harlech  rocks 
occur  in  Anglesey.  There  arc  beds,  especially  near  Llangristiolus, 
which  lithologically  do  not  appear  to  be  very  distinctively  Pre- 

cambrian ;  but,  as  stratigraphically  they  are  closely  associated  with 
the  Slaty  series,  it  is  safer  to  place  them  in  that  group. 

b.  Relations  to  each  other. 

In  all  parts  of  Anglesey  the  junction  of  the  two  series,  whenever 
they  are  in  contact,  is  a  fault.  In  the  east  and  centre  they  generally 
strike  in  the  same  direction ;  but  in  the  north-east  (near  Paris 
Mountain),  at  the  base  of  Bodafon  Mountain,  and  in  the  western 
district,  as  seen  north  and  south  of  the  Porth-y-defaid  fault,  the 
strikes  are  discordant,  sometimes  approaching  a  right  angle.  The 
much  more  intense  metamorphism  of  the  gneissic  series  would  seem 
to  point  to  a  greater  antiquity.  Some  additional  light  is  thrown 
upon  the  subject  by  the  microscope.  Prof.  Bonney,  in  note  47  (p.  234), 
already  noticed,  is  decidedly  of  opinion  that  the  Llanfechell  grit,  a 
characteristic  variety  of  the  newer  rocks,  is  derived  from  the  older 
series. 

c.  Relations  to  other  Areas. 

(1)  Caernarvonshire. 

Comparing  the  Slaty  series  with  the  Bangor  group,  the  re- 
*  Bonney,  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  311. 
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semblance,  it  must  be  confessed,  is  not  very  close.  Both  formations 
are  largely  of  volcanic  origin ;  but  the  felspathic  materials  of  the 
Anglesey  rocks  are  derived  from  a  more  distant  source,  while  the 
frequency  of  quartzite  pebbles  indicates  the  proximity  of  land  not 
covered  by  volcanic  products. 

The  Gneissic  series  would  appear  to  be  closely  related  to  the 
granitoid  rock  of  Twt  Hill.  As  the  normal  position  of  the  dark 
schists  is  below  the  granitoidite,  there  seems  to  be  no  reason  to 
doubt  that  the  green  schists  on  the  Anglesey  side  of  the  Menai 
Straits  pass  conformably  beneath  the  Twt-Hill  beds.  The  post- 
Carboniferous  fault  on  the  west  side  of  the  Twt-Hill  ridge  might 
not  materially  affect  the  true  relations  of  the  older  subdivisions. 

(2)  St.  David's. 
Slaty  Series. — The  lithological  resemblances  between  this  group 

and  the  St.  David's  Pebidian  are  numerous  and  striking.  The 
varieties  whose  Pebidian  facies  is  most  marked  are  the  pale- 
green,  purple,  and  yellow  felspathic  shales  of  Ehosbeirio,  the 
felspathic  breccias  north  of  Llanrhyddlad  and  east  of  Bodorgan 
station,  the  tough  green  rock  at  Cerrig  Ceinwen  and  Cerrig-engan 
fawr,  porcellanitic  bands  near  Llangristiolus,  and  hornstones  of 

many  localities.  The  slaty  beds  are  less  distinctively  of  St.  David's 
type. 

Gneissic  Series. — The  Anglesey  granitoidite  has  been  compared 

by  Messrs.  Bonney  and  Hicks  with  the  St.  David's  Dimetian.  If this  correlation  be  conceded,  the  entire  Anglesey  series,  from  the 
halleflinta  upwards,  must  go  with  the  Dimetian.  But  it  must  be 
admitted  that  the  two. groups  present  important  differences.  At  St. 

David's  the  Dimetian  is  represented  by  a  great  thickness  of  grani- 
toidite and  quartzite  ;  whereas  in  Anglesey  the  similar  band  is  much 

thinner,  and  is  underlain  by  a  considerable  thickness  of  gneiss  and 
other  schists. 

(3)  Shropshire. 

The  felspathic  slaty  beds  of  Lilleshall  Hill  are  hardly  distin- 
guishable from  some  of  the  Anglesey  rocks.  The  Lilleshall  group 

is  probably  higher  than  the  Wrekin  volcanic  rocks,  which  have 
many  points  of  resemblance  to  the  fragmental  group  south  of  Bangor. 
The  purplish  ash  of  the  Wrekin,  for  example,  is  very  similar  to  the 
grit  at  Bryn  llwyd.  Nothing  certain,  of  course,  can  be  inferred 
from  such  facts ;  but  it  is  at  least  worthy  of  consideration,  and  the 
suggestion  may  be  a  guide  in  further  inquiry,  whether  the  Anglesey 
Pebidian  may  not  represent  a  higher  horizon  than  the  Bangor  group. 
Some  of  the  gritty  and  slaty  rocks  of  the  Precambrian  ridges  east 
of  Church  Stretton  also  display  affinities  with  the  Anglesey  series. 

It  is  worthy  of  note  that  the  Charlton-Hill  conglomerate,  an 
undoubted  part  of  the  Wrekin  group,  contains,  amongst  enclosures 
from  the  Malvern  series,  pebbles  of  rocks  which  more  closely 
resemble  some  of  the  gneissic  and  quartzose  types  of  Anglesey. n2 
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(4)  Charnwood. 
The  slaty  rocks  of  Anglesey  are  nearer  in  their  lithological 

characters  to  the  Charnwood  slates  than  to  any  other  formation  with 
which  I  am  acquainted.  The  resemblance  was  very  marked  even 
in  the  field  ;  but  in  the  case  of  a  homogeneous  rock  like  slate,  the 

microscope  is  of  special  value,  and  Prof.  Bonney's  examinations 
(Notes  42,  43,  44,  pp.  234,  235)  are  strongly  confirmatory  of  my 
opinion. 

Conclusions. 

1.  In  Anglesey  there  are  two  Archaean  groups,  the  Slaty  and  the 
Gneissic. 

2.  The  Slaty  series  is  composed  of  slates,  shales,  hornstones,  grits, 
conglomerates,  limestones,  and  chloritic  schists,  in  which  no  definite 
order  has  been  positively  ascertained.  The  Gneissic  series  is  divided 
into  five  groups,  in  which  the  following  descending  order  is  in- 

variable, viz.  granitoidite,  chloritic  and  hornblendic  schists,  grey 
gneiss,  quartz-schist,  and  halleflinta. 

3.  The  Slaty  series  is  occasionally  foliated,  but  is  usually  in  a 
partially  altered  state :  the  Gneissic  group  is  thoroughly  meta- 
morphosed. 

4.  The  Slaty  series  has  closer  lithological  affinities  with  the  St.- 

David's  volcanic  group,  the  Charnwood  rocks,  and  the  Lilleshall 
series  than  with  the  Bangor  group. 

5.  The  Slaty  series  is  undoubtedly  Pebidian :  the  Gneissic  series 
may  with  some  probability  be  referred  to  the  Dimetian. 

APPENDIX. 

Notes  on  the  Microscopic  Structure  of  some  Anglesey  Eoce:s. 
By  Prof.  T.  G.  Bonnet,  M.A.,  F.R.S.,  Sec.  G.S. 

In  the  following  notes  I  shall  endeavour  to  avoid  repetition  by 
grouping  together  those  specimens  which  in  some  important  cha- 

racteristics have  a  general  resemblance  ono  to  another.  I  may 
add  that,  as  the  purpose  of  my  examination  was  petrological  rather 
than  mineralogical,  I  have  not  felt  bound  to  spend  much  time  in 
endeavouring  to  ascertain  the  exact  species  of  some  microlithic 
minerals  which  are  accidentally  present  in  one  or  two  of  the  slides. 

A.  Quartz-Schist  Group. 
Nos.  25-29,  31-34. 
This  group  consists  of  a  series  of  schistose  rocks,  in  general  highly 

metamorphosed,  in  which  quartz  is  the  most  important  constituent, 
associated  with  micaceous  or  chloritic  minerals,  ferrite  or  opacite, 
and  more  or  less  felspar. 

The  fragmental  origin  of  most  of  these  specimens  is  indubitable  ; 
but  with  regard  to  numbers  25  and  27  it  is  less  easy  to  be  quite 
sure.  Their  structure  comes  nearer  to  that  of  some  microcrystal- 
line  felsites  :  but  still  I  believe  that  I  am  right  in  ranking  these  also 
among  the  altered  clastic  rocks. 

25.  (Gwalchmai,  p.  218.)  Contains  numerous  grains  of  quartz  of 
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rather  irregular  outline  in  a  finely  granular  and  rather  earthy-looking 
matrix — most  probably  the  result,  in  the  main,  of  the  decomposition 
of  rather  imperfectly  crystallized  felspar,  -which  consists  now  of 
an  admixture  of  earthy  dust,  doubly  refracting  clear  microliths, 
and  minute  scales  of  mica  or  chlorite.  The  quartz  grains  show 
an  indistinct  banded  order,  and  contain  many  minute  cavities.  The 
rock  appears  to  have  been  brecciated  more  than  once  in  situ.  The 
older  cracks  are  mainly  filled  up  by  quartz,  the  newer  by  calcite 
with  a  little  chlorite.  In  one  part  of  the  slide  the  faulting  of  an 
older  vein  and  subsequent  infiltration  of  a  newer  one  is  very 
clearly  shown.  Microscopically  the  rock  has  a  resemblance  to  the 
Treffgarn  halleflinta,  but  under  the  microscope  it  is  more  gneissic. 

26.  (Gwalchmai,  p.  218.)  Is  certainly  of  fragmental  origin,  show- 
ing stratification  foliation.  The  quartz  grains  have  fewer  inclusions ; 

there  is  felspar  much  as  before,  and  a  fair  quantity  of  mica  ;  most  of 
this  is  of  a  very  pale  golden-yellow  colour,  is  feebly  dichroic,  and 
gives  brilliant  tints  between  the  jSTicols;  the  rest  is  dull  green, 
probably  an  alteration  produced  after  biotite.  Some  granular  matter 
as  above. 

27.  (N.W.  of  Gwalchmai,  p.  218.)  More  resembles  25,  but  is  more 
compact.  I  think  that  it,  too,  is  of  fragmental  origin,  and  is  pro- 

bably the  result  of  the  metamorphosis  of  a  fine  quartzose  silt. 
28.  (N.W.  of  Gwalchmai,  p.  218.)  Is  certainly  fragmental,  con- 

sisting of  quartz  with  a  fair  amount  of  chlorite,  some  white  mica, 
and  a  few  grains  (probably  fragmental)  of  a  closely  twinned  plagio- 
clastic  felspar. 

29.  (Summit  of  Bodafon  Mountain,  p.  219.)  Is  a  quartz-schist 
with  a  fair  amount  of  ferrite  and  minute  chlorite  (?). 

31.  (Holyhead  Mountain,  p.  226.)  Also  a  quartz-schist  with  a  fair 
amount  of  a  pale-green  mica,  as  above,  the  ground-mass  consisting  of 
this  mineral  with  agglutinated  very  minute  grains  of  quartz.  In  this 

are  scattered  quartz  grains  of  larger  size  up  to  about  0"-03  diameter, 
clearly  of  fragmental  origin,  some  having  a  secondary  deposit  of 
quartz  on  their  edges.  Minute  cavities  are  common  in  these  grains, 
and  one  or  two  contain  some  dark  hair-like  microliths,  a  grain  or  two 
of  epidote,  and  possibly  one  of  tourmaline. 

32.  (Khoscolyn  church,  p.  227.)  Also  a  quartz-schist  resembling 
the  last,  but  more  uniform  in  structure;  the  same  adventitious 
minerals  as  in  the  last. 

33.  (S.  of  Borth  Saint,  p.  227.)  Another  quartz-schist  with  rather 
more  mica  and  chlorite,  a  few  grains  of  felspar,  and  the  same  adven- 

titious minerals.  jSTumerous  grains  of  a  granular  earthy  mineral 
(?  an  epidote). 

34.  (Cutting  E.  of  Ty  Croes,  p.  217.)  Quartz  and  a  white  mica 
are  the  most  conspicuous  minerals,  with  an  occasional  grain  of 
felspar ;  but  a  sort  of  granular  paste  in  which  these  are  imbedded, 
consisting  of  microliths  of  white  mica  and  other  minerals,  may  in 
some  cases  have  replaced  a  felspar  constituent.  The  rock  is  much 
altered,  but,  I  suspect,  still  retains  in  its  large  grains  traces  of  its 
original  fragmental  structure. 
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B.  Chlorite-Schists. 

A  group  of  highly  altered,  distinctly  foliated  rocks,  consisting 
mainly  of  rather  minutely  crystalline  chlorite  and  quartz.  To  this 
belong  JSTos.  35-37,  45,  46,  49. 

35.  (Porth  yr  Ogof,  Holyhead,  p.  226.)  Contains  very  numerous 
rods  and  granules  of  a  black  mineral,  perhaps  magnetite,  with  a  little 
sphene  or  staurolite  ;  it  exhibits  beautiful  contortions. 

36.  (Porth  felin,  Holyhead,  p.  226.)  Foliation  less  marked ;  a  con- 
siderable amount  of  ferrite  is  present.  Original  structure  perhaps 

less  uniform  than  in  the  last. 

37.  (Porth  y  defaid,  p.  225.)  The  same  remark  applies  to  this  speci- 
men also, but  its  foliation  is  more  marked.  A  vein  of  quartz  and  calcite. 

45.  (Melin  pant  y  gwyda,  p.  222.)  The  same  ;  chloritic  constituent 
rather  minute. 

46.  (Cas  Clock,  p.  222.)  Highly  altered  and  markedly  foliated. 
49.  (Crogan  goch,  p.  223.)  The  same ;  chloritic  or  possibly  mica- 

ceous constituent  extremely  minute ;  beautifully  foliated  and  contorted. 
In  this  group,  as  a  rule,  it  is  more  difficult  to  identify  with 

probability  any  original  constituent  of  the  rock,  owing  probably  to 
differences  in  chemical  composition  and  size  of  the  materials.  Some 
of  the  quartz  grains  in  37,  45,  46  may,  however,  be  original. 

C.  Slaty  and  other  not  highly  altered  Rods. 

In  this  group  there  has,  indeed,  been  a  certain  amount  of  altera- 
tion, but  it  is  only  what  may  be  termed  micromineralogical.  The 

original  fragmental  character  of  the  rock  is  still  distinct ;  the  newer 
products  are  either  extremely  minute  or  such  as  result  rather  from 
decomposition  than  from  recomposition.  The  alteration,  in  short,  is 
of  a  kind  which  we  commonly  meet  with  in  the  earlier  Cambrian  or 
latest  Prccambrian  rocks,  not  in  the  gneisses,  in  the  conspicuously 
foliated  schists,  and  in  the  most  highly  metamorphosed  quartzites.  Its 
members,  then,  are,  as  a  rule,  either  much  more  modern  than  those 
previously  described,  or  selective  metamorphism  must  have  operated 
upon  the  latter  to  a  rather  unusual  extent. 

43.  (S.E.  of  Ccrrig  ddwyffordd,  pp.  214,  232.)  One  of  the  flinty 
argillites  or  indurated  imperfectly  cleaved  slates.  Under  the  micro- 

scope the  slide  consists  of  a  brownish-grey  earthy-looking  material 
interspersed  with  minute  specks  of  quartz,  felspar,  and  micaceous  or 
chloritic  minerals,  whether  original  constituents  or  of  secondary  origin 

it  is  in  many  cases  difficult  to  say.  The  "  stripe,"  however,  is  well 
indicated,  and  the  specimen  in  no  important  respect  differs  from 
many  examples  that  I  have  examined  from  Charnwood  and  other 
localities  where  the  rocks  are  approximately  of  Cambrian  age. 

44.  ("W.S.W.  of  Cerrig  Ceinwen,  pp.  215,  232.)  A  similar  rock of  slightly  coarser  material  and  a  little  more  distinctly  cleaved. 

Among  the  constituents  are  man*y  scales  of  a  strongly  dichroic  green 
mineral  with  a  marked  wavy  cleavage — chlorite  or  some  member 
of  the  provisional  viridite  group,  probably  the  result  of  alteration 
of  a  magnesia-iron  mica  fragmentally  present. 

47.  (Llanfechell,  p.  223.)  A  coarser  fragmental  rock  with  a  rather 
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*'  streaky  "  structure,  not  unlike  some  of  those  which  occur  in  the 
Borrowdale  series,  containing  numerous  microliths  of  the  viridite 
group,  some  being  certainly  chlorite.  The  aspect  of  the  rock  suggests 
that  it  has  undergone  considerable  pressure.  Many  of  the  imbedded 

fragments  are  from  about  0"'03  to  0"*06  in  longer  diameter.  Among 
them  quartz,  felspar,  altered  biotite  ('?),  and  a  chloritic  quartz-schist 
may  be  recognized,  detrital  materials  almost  certainly  derived  from 
the  older  gneissic  and  schist  rocks  of  this  region  of  North  Wales. 
Other  fragments  of  a  less  certain  character  are  present,  with  grains 
of  decomposed  ilinenite  or  magnetite  and  of  epidote,  which  perhaps 
has  replaced  some  other  mineral. 

48.  (Base  of  Point  JElianus,  p.  223.)  A  rock  of  a  generally  similar 
character  ;  but,  as  the  fragments  are  smaller,  their  nature  (except  in 
the  case  of  the  quartz)  is  less  easily  ascertained  ;  the  whole  rock  also 
seems  slightly  more  altered  than  in  the  last  case. 

50.  (Coast  N.W.  of  Amlwch,  p.  223.)  The  materials  are  more 
homogeneous  than  in  the  other  cases ;  small  greyish  clustered 
granules  frequent,  and  a  vast  number  of  microliths  of  a  green 
mineral  (chlorite  ?).  These  are  very  likely  of  secondary  origin,  but 
I  consider  the  rock  a  true  slate,  and  not  a  schist. 

42.  (S.E.  of  Cerrig  ddwyffordd,  p.  214.)  A  fine  grit  with  much 
of  the  fibrous  green  (?  hornblendic)  mineral  which  I  have  often  ob- 

served in  the  Charnwood  rocks  developed  among  the  finer  materials ; 
the  larger  fragments  (generally  rather  angular)  are  chiefly  quartz, 
felspar  (orthoclaso  and  plagioclase),  and  a  minutely  micro  crystalline 
or  cryptocrystalline  rock,  much  resembling  bits  of  an  acid  lava. 
Prom  certain  minute  peculiarities,  I  have  strong  suspicions  that  all 
three  of  these  constituents  have  been  derived  from  rocks  of  volcanic 
origin. 

38.  (Fragment  in  Llangefni  conglomerate,  p.  214.)  A  grit,  consist- 
ing of  subangular  and  rolled  grains,  mostly  quartz,  in  a  fine  quartzose 

or  quartzo-f  elspathic  matrix.  It  is  difiicult  in  the  case  of  rocks  of  this 
character  to  draw  an  inference  as  to  their  age  and  amount  of  meta- 
morphism ;  but  I  believe  that  I  am  right  in  grouping  it  with  the 
probably  more  modem  series. 

D.  Granitoid  Gneiss. 

Of  this  rock  there  is  one  specimen  from  Pen  Bryn  yr  Eglwys  not 
at  all  in  a  favourable  condition  for  microscopic  examination.  It 
resembles  the  group  of  coarse  granitoid  gneisses  similar  to  those 
which  I  have  examined  from  the  neighbourhood  of  Llanfaelog 
rather  than  a  true  igneous  rock.  It  consists  of  quartz  with  many 
minute  enclosures,  two  felspars  much  decomposed,  and  various 
alteration-products  probably  replacing  an  iron-magnesia  mica.  One 
or  two  grains  of  another  mineral  are  present,  obviously  much 
altered,  which  I  cannot  identify ;  possibly  it  may  have  been  garnet. 

E.  Crystalline  Limestones. 
40.  (E.N.E.  of  Tany  graig,  Pentraeth,p.  213.)  A  finally  granular 

dear  rock  consisting  almost  wholly  of  calcite  or  dolomite.  Judg- 
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ing  from  the  structure  and  optical  characters,  I  should  infer  the 
presence  of  a  considerable  quantity  of  the  latter  mineral,  and  so 
name  the  rock  a  dolomite. 

51.  (E.  of  Bodwrog,  p.  218.)  Is  more  coarsely  crystalline  with  an 
admixture  of  quartz  grains  and  some  silicate,  which  I  am  unable  to 
identify  with  certainty ;  the  carbonate,  however,  appears  to  be  mainly 
calcite. 

41.  (At  "  a  "  of  "  Pentraeth,"  p.  213.)  To  the  unaided  eye  appears 
less  crystalline  and  less  pure,  resembling  some  limestones  which  have 
an  admixture  of  volcanic  mud.  Under  the  microscope  the  calcite 
appears  in  rather  irregular  grains  of  fair  size  and  rather  brecciated 
aspect,  imbedded  in  a  streaky-looking  paste  composed  of  a  pale  green 
serpentinous  mineral,  of  black  and  dark  brown  dust,  with  a  little 
quartz,  and  of  a  clear  silicate  in  minute  granules,  probably  some 
kind  of  zeolite. 

52.  (Tau  isa,  N.E.  of  Cemmaes,  p.  224.)  Is  moderately  clear, 
chiefly  composed  of  very  minute  granules  of  crystalline  calcite  and 
possibly  dolomite,  with  occasional  brown  stains,  and  veined  irre- 

gularly with  more  coarsely  c^stalline  calcite.  In  no  one  specimen 
can  I  detect  any  distinct  trace  of  an  organism ;  but  the  first  two 
rocks  differ  much  from  the  last  two,  which  might  readily  pass  for 
members  of  the  Carboniferous  Limestone  series. 

P.  Igneous  Rocks. 
39.  (Fragment  in  green  shale,  E.  of  Bodorgan  station,  p.  214.)  The 

ground-mass  is  thickly  crowded  with  small  and  not  very  sharply 
defined  felspar  crystals,  which,  in  their  elongated  form  and  the 
twinning  of  larger  specimens,  generally  resemble  members  of  the 
plagioclase  group,  interspersed  with  numerous  minute  grains  of  a 
pale  green  colour,  of  which  the  larger  are  distinctly  dichroic  and  are 
probably  hornblende.  Small  grains  and  occasional  rod-like  micro- 
liths  of  an  iron  peroxide  are  also  present.  Scattered  about  in  the 
ground-mass  are  roundish  patches  of  tessellated  aspect,  chiefly 
composed  of  crystalline  quartz ;  one,  in  which  the  crystals  are  larger 
and  by  their  enclosures  indicate  lines  of  growth,  has  calcite  at  the 
centre ;  this,  however,  as  in  the  case  of  a  neighbouring  vein,  is 
probably  a  subsequent  infiltration.  The  majority  more  resemble 
imperfectly  formed  spherulites  ;  a  portion  of  the  slide  shows  a 
distinct  fluidal  structure,  and  the  ground-mass  has  a  general  resem- 

blance to  several  modern  lavas,  e.  g.  to  specimens  in  my  collection 
from  Astroni  and  the  Solfatara  (Phlegraean  Eields). 

53.  (Carreg-winllan,  Pensarn,  S.E.  of  Amlwch,  p.  222.)  Exhibits  a 
rather  clear  base,  in  which  numerous  small  roundish  patches  are 
defined  by  exceedingly  minute  opacite  and  ferrite,  the  latter  some- 

times forming  the  inner  edge  of  the  boundary ;  it  is  also  more  or  less 
powdered  about  through  the  base.  With  crossing  Nicols  this  last  is 
seen  to  be  crowded  with  rather  acicular  felspar  microliths,  and  the 
majority  of  the  patches  are  well-defined  spherulites  with  the  usual 
radial  structure.  The  rock  is  undoubtedly  a  trachyte,  like  the 
other  :  and,  I  think  it  highly  probable  that  each  is  from  a  lava-flow. 
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Considering  the  locality  and  the  consequent  age  of  these  specimons, 
their  structure  is  most  interesting.  So  far  as  my  experience  goes, 
there  is  nothing  in  either  which  would  have  awakened  my  sus- 

picions as  to  their  age,  had  they  been  labelled  as  from  some  locality 
where  Tertiary  or  even  more  recent  trachytes  are  found. 

EXPLANATION  OF  PLATE  VIII. 

Fig.  1.  Map  of  Anglesey,  showing  the  distribution  of  the  Palaeozoic,  Pebidian; 
and  Gneissic  series. 

2.  Generalized  section  from  Holyhead  Mountain  to  Menai  Straits. 
3.  Section  across  Mynydd  Llwydiarth. 
4.  Section  from  Porth  Nobla  to  Aberffraw. 
5.  Section  in  Upper  Quarry,  Nebo. 
6.  Section  in  Lower  Quarry,  Nebo. 

In  all  the  sections  the  signification  of  the  letters  is  as  follows  - 
d.  Carboniferous. 
c.  Cambrian. 
b.  Pebidian. 

(  a6.  Granitoi elite. 
I  a..  Dark  schist. 

a.  Gneissic  series   \  **  f  re?  f eiss' j  «3.  Limestone. 
|  a2.  Quartz  schist. 
^  av  Halleflinta. 

/.  Faults. 

Discussion. 

Dr.  Hicks  agTeed  with  Dr.  Callaway  that  there  are  two  Pre- 
cambrian  series  in  Anglesey.  He  differed  from  the  author,  how- 

ever, in  regarding  the  so-called  granitoidite  as  constituting  the 
lowest  and  not  the  highest  member  of  the  so-called  Gneiss 
series.  He  stated  that  some  of  the  breccias  associated  with  the 
halleflintas  contain  pebbles  of  the  granitoid  rocks,  and  are  therefore 
of  younger  age  than  the  latter.  He  admitted,  however,  that  some 
of  the  points  must  be  regarded  as  in  an  unsettled  state,  owing  to 
the  faulted  condition  of  the  district. 

Prof.  Eamsat  argued  against  the  principle  of  identifying  rocks  as 
of  different  ages  by  their  mineral  characters  as  studied  by  the  micro- 

scope. He  maintained  that  the  altered  rocks  of  Anglesey  are  the 
metamorphosed  representatives  of  the  Cambrian,  because  the  un- 

altered Cambrian  are  found  striking  directly  towards  the  altered 
strata,  and  both  are  overlain  by  the  Arenig. 

Mr.  W.  W.  Smyth  also  argued  against  the  recognition  of  a  number 
of  different  formations  on  mineral  evidence  alone  without  any  aid 

from  organic  remains.  He  thought  the  so-called  "  gneissose  rocks  " 
differ  widely  from  typical  gneisses,  and  that  the  granitic  series 
belonged  to  the  class  of  ill-defined  granite  rocks  known  in  Corn- 

wall as  "  bastard  granite,"  the  plain  Saxon  of  which  was  perhaps 
preferable  to  the  cacophony  of  "  granitoidite."  He  thought  that  the 
evidence  brought  forward  was  insufficient  to  upset  the  detailed  map 
of  the  Survey. 

Prof.  Bonne r  was  inclined  to  agree  with  Dr.  Callaway's  interpre- 



238 ON  THE  GEOLOGY  OF  ANGLESEY. 

tation  rather  than  that  of  Dr.  Hicks,  as  the  latter  undervalued  the 
amount  of  metamorphisni  the  Anglesey  rocks  by  the  Menai  Straits 
had  undergone.  He  differed  from  Prof.  Ramsay  as  to  the  value 
to  be  attached  to  the  microscopic  study  of  rocks ;  he  did  not  regard 
the  Bangor  rocks  as  partially  metamorphosed,  and  he  fouud  no 
trace  of  the  progressive  metamorphism  insisted  on  by  Prof.  Ramsay. 
He  defended  the  use  of  the  term  "  granitoidite/'  which,  though 
open  to  objections,  was  less  misleading  than  the  base-born  term 
proposed  by  Mr.  Smyth.  He  thought  that  the  microscopic  study  of 

the  rocks  supported  Dr.  Callaway's  conclusions. 
Dr.  Callaway  agreed  with  Prof.  Ramsay  as  to  the  great  value  of 

the  Survey  work.  He  contended  that  the  principle  of  the  identi- 
fication of  rocks  by  their  mineral  characters  is  a  safe  one  when 

applied  in  the  same  district.  The  sections  described  proved  that  the 
.granitoidite  was  the  summit  of  the  gneissic  series.  Many  of  the 
gneissose  rocks  were  true  gneiss  of  very  typical  character.  The 
difficulty  through  faulting  was  counteracted  by  comparing  areas. 
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16.  The  Limestone  of  Durness  and  Assynt.  By  C.  Callaway,  Esq., 
M.A.,  D.Sc,  F.G.S.    (Eead  January  5,  1881.) 

It  is  well  known  that  the  late  Sir  I.  Murchison  based  his  deter- 
mination of  the  Ordovician  (Lower  Silurian)  age  of  the  greater  part 

of  the  Scottish  highlands  upon  the  discovery  hy  Mr.  C.  Peach  of 
Ordovician  fossils  in  the  Durness  limestone.  The  views  of  Mur- 

chison were  shared  by  many  distinguished  geologists,  and  have  been 
generally  accepted  as  one  of  the  most  assured  and  important  conclu- 

sions of  modem  geological  science.  Wishing  to  ascertain  for  myself 
the  truth  of  this  opinion,  I  devoted  a  portion  of  last  summer  to  the 
study  of  the  limestone  at  Durness  and  Inchnadamff.  I  selected  these 
localities  because  they  alone  are  alleged  to  have  yielded  fossils  from 
the  limestone,  and  because  Murchison  regarded  them  as  of  primary 
importance  in  the  construction  of  his  argument.  My  researches  led 
me  to  the  conclusion,  not  only  that  the  sections  were  broken,  and 
therefore  untrustworthy,  but  that  the  relations  of  the  several  rock- 
groups  were  inconsistent  with  the  supposition  that  the  limestone 
passed  below  any  part  of  the  newer  metamorphic  series.  On  my 
return  from  Sutherland,  I  found  that  many  of  my  observations 
agreed  very  closely  with  those  of  Prof.  jSTicol ;  and  I  am  glad  to 
bear  testimony  to  the  accuracy  of  an  author  whose  work  has  hardly 
received  due  recognition.  It  is  certain  that  he  made  out  many  im- 

portant points  which  escaped  the  observation  of  his  distinguished 
rival ;  and  I  must,  in  candour,  acknowledge  that  he  has  anticipated 
many  of  the  results  which  I  have  now  to  submit  to  the  Society. 
I  can  only  claim  to  have  ascertained  some  additional  facts,  which 
seem  to  me  to  strengthen  the  case  against  the  received  opinion. 

Durness. 

a.  The  Limestone  in  Relation  to  the  Flaggy  Gneiss. — In  his  later 
papers,  Murchison  admitted  that  the  limestone  was  separated  from 

the  flaggy  beds  *  by  a  "  great  fault,"  by  which  the  "  upper  quartzite  " 
was  thrown  down  out  of  sight ;  but  he,  notwithstanding,  held  that 
the  limestone  was  "  overlain  by  the  upper  series  of  quartzose  and 
gneissic  rocks,"  apparently  on  the  ground  that  both  dipped  in  the 
same  direction,  to  the  east.  Admitting  his  facts,  his  reasoning  is 
obviously  fallacious,  and  might  be  employed  to  prove  the  most  op- 

posite conclusions.  But  I  cannot  accept  his  facts.  Neither  the 
limestone  nor  the  flaggy  group  dips  to  the  east.  The  true  relations 
of  the  two  formations  are  shown  in  the  annexed  plan  (fig.  1),  which 
is,  in  outline,  a  reduced  copy  of  the  new  ordnance  map.  The  most 
important  dips  are  shown  by  arrows. 

*  These  flags  are  a  true  schist,  though  they  are  far  less  coarsely  crystalline than  the  Lewisian. 
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Fig.  1. — SJcetcJi  Map  of  the  Durness  Area. 
(Scale,  about  |  inch  to  1  mile.) 

The  fault  fl  runs  from  sea  to  sea,  east  and  west,  exactly  at  the 
base  of  Far-out  Head,  which  is  entirely  composed  of  thin-bedded 
gneiss  and  quartz-schist,  dipping  steadily  to  the  north-east,  except 
at  some  points  a  mile  north  of  the  fault,  where  the  dip  is  conse- 

quently unimportant. 
West  of  the  ruined  church,  where  the  limestone  contains  numerous 

fossils,  the  dip  is  north-east,  so  that  it  might  seem  as  if  it  passed 
beneath  the  schist.  But  here  the  nearest  exposure  of  the  latter  is 
over  half  a  mile  to  the  north-east,  the  intervening  area  being  occu- 

pied by  blown  sand,  so  that  no  junction  can  be  seen.  Further  ex- 
amination proves  that  this  dip  of  the  limestone  is  exceptional. 

Following  the  strike  of  the  schist  to  the  south-east,  we  trace  it 
right  up  to  the  fault.  Both  rocks  are  here  clearly  exposed,  the  flags 
on  the  shore  and  in  the  adjoining  field,  and  the  limestone  in  a  low 
cliff,  which  is  an  inland  extension  to  the  west  of  the  precipice  of 
Creag  Chearbach.  The  fault  runs  along  the  base  of  the  cliff.  The 
flags  dip  uniformly  to  the  north-east,  the  nearest  section  being  only 
twenty  yards  from  the  limestone,  which,  at  this  point,  dips  east- 
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south-east.  Several  dips  taken  in  this  locality  were  the  same,  others 
veered  round  to  the  east,  but  none  to  the  north  of  east. 

Following  the  cliff  along  to  the  west,  and  noting  the  prevalence 
of  south-easterly  dips,  we  come,  at  about  two  furlongs  east  of  Baile- 
nacille,  to  a  small  arch  of  limestone,  with  dips  ranging  from  south- 

east to  north-east.  Such  local  variations  are  obviously  unimpor- 
tant. In  the  area  south  of  the  fault  the  dips  are  almost  uniformly 

to  the  south-east,  as  may  be  seen  at  many  points  between  the  inn 
and  Sangomor. 

Coming  back  to  the  west  of  the  old  church  at  Bailenacille,  we  find 
the  north-east  dip  soon  changes  to  east,  and  then  to  east-south-east, 
and  on  the  Kyle  of  Durness  the  limestone  forms  an  escarpment  over 
a  mile  long,  striking  south-south- west  and  dipping  clearly  to  the 
east-south-east.  At  many  other  points  in  the  area  round  Durness 
the  same  dip  is  seen. 

It  is  then  certain  that  the  mass  of  limestone  lying  south  of  the 
flags,  and  in  immediate  contact  with  them,  dips  south  of  east, 
northerly  dips  being  quite  exceptional,  and  then  occurring  only  at  a 
distance  from  the  schist.  As  the  latter  dips  steadily  to  the  north- 

east, it  is  difficult  to  see  how  it  can  be  conformable  to  the  limestone. 
Eut  a  more  comprehensive  view  of  the  district  presents  the  re- 

ceived view  in  a  still  more  incredible  light.  East  of  Sango  Bay  is 
the  Smoo  mass  of  limestone.  Though  separated  from  the  Durness 
area  by  a  faulted  strip  of  gneiss,  it  preserves  the  same  south-south- 

west strike.  East  of  Sangomor  it  steadily  dips  east- south-east,  at 
Smoo  it  is  about  horizontal,  but  west  of  Sangobeag  it  turns  up  to 
the  south-east  and  a  syncline  is  formed.  On  the  promontory  of 
Leirinmohr  some  of  the  dips  are  nearer  south  than  east ;  but  in  no 
case  have  I  observed  in  the  Smoo  mass  the  north-easterly  dip  of  the 
altered  series. 

As  Murchison  himself  admits  that  higher  up  the  valley  the 
limestone  is  faulted  against  the  old  gneiss  on  both  sides,  it  is  need- 

less to  follow  it  further. 

b.  Gneiss  of  Sango  Bay. — Between  the  two  limestone  areas  is  a 
band  of  schist.  On  the  shore  it  is  well  exposed,  not  "  thrust  about 
in  dire  confusion,"  but  forming  a  symmetrical  half-dome  facing  to 
the  north-east.  On  the  east  side,  within  a  few  yards  of  the  lime- 

stone, and  dipping  towards  it  obliquely  (that  is,  to  east-north-east, 
at  40°),  is  hornblendic  and  chloritic  gneiss.  Towards  the  west  the 
dip  curves  gradually  round  to  north-east  and  north,  and  the  gneiss 
is  then  underlain  by  dark  mica-schist,  which  soon  occupies  the 
shore,  the  dip  turning  round  to  north-north-west,  and  finally  to 
north-west,  as  if  it  would  pass  beneath  the  limestone  which  crops 
up  in  the  shore  close  at  hand,  and  is  seen  in  the  cliffs  with  its  usual 
low  south-easterly  dip.  There  is  no  doubt  that  this  strip  is  faulted 
(/2  and/3)  against  the  limestone  on  both  sides. 

This  gneiss  is  of  the  same  kind  as  that  which  underlies  the  flaggy 
schist  on  Ear-out  Head  and  east  of  Loch  Erriboll,  and  it  must  not 
be  confounded  with  the  Lewisian,  which  in  this  district  is  very 
massive,  coarsely  crystalline,  and  almost  vertical  in  its  dip.  Accord- 
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ing  to  received  views,  this  newer  gneiss  must  overlie  the  limestone ; 
and,  if  so,  the  force  which  contorted  the  former  must  also  have 
affected  the  latter.  But  though  the  limestone  comes  up  to  the 
gneiss  on  both  sides,  its  gentle  south-east  dip  is  not  changed.  It 
would  appear  to  be  more  reasonable  to  infer  that  the  limestone  was 
deposited  on  the  contorted  gneiss,  and  that  the  latter  was  subse- 

quently thrust  up  through  the  former  between  two  parallel  faults. 
c.  The  Quartzite. — The  bay  between  the  limestone  promontory 

of  Leirinmohr  on  the  west  and  the  headland  of  Lewisian  gneiss  on 
the  east  is  occupied  by  the  quartzite,  which  is  also  seen  sloping 
down  from  the  flanks  of  Ben  Keannabin  to  the  bay  and  forms  a 
small  outlier  on  the  headland  just  named.  It  dips  uniformly  to  the 
north-east.  In  the  western  angle  of  the  bay  it  is  faulted  (/4)  against 
the  limestone.  Both  limestone  and  quartzite  are  crushed  into  thick 
breccias  at  the  junction,  and  on  the  bank  immediately  above  the 
limestone  is  seen  dipping  to  the  north-west,  the  strikes  of  the  two 
formations  being,  as  in  the  former  case,  nearly  at  right  angles. 

To  sum  up  these  results,  it  is  clear  that  the  metamorphic  rocks, 
quartzite  and  schist,  have  been  affected  by  a  force  tilting  them  up 
to  the  north-east,  while  the  limestone  forms  a  syncline  whose  axis 
strikes  to  the  south-south-west.  How  the  limestone  can  hold  a 
conformable  relation  to  the  altered  groups  is  a  problem  which  the 
advocates  of  the  received  view  may  fairly  be  called  upon  to  solve. 

Though  the  metamorphic  rocks  occur  in  three  distinct  patches,  it 
is  probable  that  they  form  a  true  succession.  To  the  east  of  Loch 
Eirriboll,  the  quartzite  is  overlain  by  gneiss  of  the  Sango-Bay  type, 
which  is  surmounted  by  the  flaggy  group  on  Loch  Hope.  In  Durness 
the  Sango-Bay  gneiss  must  overlie  the  quartzite,  since  the  latter 
rests  on  the  Lewisian  gneiss  ;  and  if  the  flags  of  Far-out  Head  were 
prolonged  on  the  strike  to  the  south-east,  they  would  overlie  the 
newer  gneiss. 

Assynt. 

The  section  on  which  Murchison  placed  chief  reliance  is  the  suc- 
cession on  the  south-west  slope  of  Cnoc  an  drein,  above  the  church. 

As  I  entirely  differ  in  my  reading,  I  submit  a  section  of  the  ground 
(fig.  2),  in  which  I  have  carefully  excluded  hypothesis  and  have 
simply  inserted  the  facts  observed. 

Fig.  2. — Section  above  Inclmadamff  Church. 
S.W.  *  I  N.E. 

1 
L.  Limestone.  DL.  Dark  Limestone.       F.  Felsite. 

WL.  White  Limestone.  Q.  Quartzite.  h  Fault. 
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Just  above  the  road  we  come  to  a  band  of  dark  limestone,  which 
is  succeeded  by  a  white  zone.  Beyond  a  little  hollow,  quartzose 
flags  are  followed  by  similar  dark  and  white  limestones,  which  arc 
probably  a  repetition ;  then  in  succession  we  have  felsite,  lime- 

stone, and  felsite.  Hitherto  the  dip  of  the  bedded  rocks  has  been 
to  the  north-east.  Above  the  felsite  is  a  considerable  thickness  of 
quartzite  dipping  east,  so  that  if  it  overlies  the  limestone  it  must  be 
unconformable.  Higher  up  the  quartz-rock  dips  for  some  distance 
to  the  south-west.  Approaching  the  summit  of  the  hill,  felsite 
appears,  and  just  beyond  is  massive  quartzite  dipping  steadily  to  the 
south-east  for  a  considerable  distance. 

It  is  obviously  unsafe  to  base  a  succession  upon  such  a  broken 
section  as  this.  Passing  over  the  intrusions,  it  is  certain  that  more 
than  one  fault  *  occurs,  and  that  the  strike  of  the  limestone  is  at 
right  angles  to  the  main  mass  of  the  quartzite.  But  a  still  more 
decisive  refutation  of  Murchison's  views  remains. 

Following  the  strike  to  the  south-east  it  is  seen  gradually  to 
recede  from  the  quartzite  ridge,  while  opposite  dips  by  degrees  come 
in  on  the  northern  side  of  the  limestone  band,  which  thus  expands 
in  the  plateau  of  Stronchrubie  into  a  broad  syncline,  the  northern 
side  of  which  dips  away  from  the  quartzite,  that  is,  to  the  south- 

west. Towards  the  ridge  the  limestone  dips  grow  steeper  and  at 
last  approach  the  vertical.  Climbing  the  face  of  the  mountain 
above,  the  quartzite  is  seen  to  dip  to  the  north  of  east,  so  that  the 
dips  of  the  two  formations  are  in  opposite  directions.  As  the 
northern  side  of  the  syncline  gradually  disappears  towards  Cnoc  an 
drein,  it  is  obvious  that  it  is  cut  out  by  a  fault,  so  that  the  southern 
side  of  the  basin  is  brought  against  the  quartzite  and  appears  to  dip 
below  it.    These  facts  are  illustrated  in  fig.  3. 

Fig.  3. — Plan  of  Limestone  and  Quartzite  at  Inchnadamff. 

*  Almost  certain  at  F2  and  F3. 
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There  is  another  difficulty  in  the  reception  of  the  old  view. 
According  to  Murchison,  the  limestone  is  conformably  overlain  by 
the  great  mass  of  quartz-rock  which  rises  into  the  lofty  peaks  of 
Ben  More.  If  so,  then  the  limestone  basin  of  Stronchrubie  must 
have  been  covered  by  an  equal  thickness  of  quartzite.  It  is  for  the 
followers  of  Murchison  to  show  how  denudation  could  have  cleared 
off  the  entire  mass  of  such  an  intractable  rock  as  quartzite  from  the 
limestone,  and  yet  have  made  so  little  impression  upon  the  mountain- 
ridges  which  overhang. 

The  quartzite  which  slopes  down  from  the  south-eastern  face  of 
Queenaig  passes  up  through  a  continuous  quartzite  ridge  into  Ben 
More.  It  is  not  pretended  that  the  limestone  occurs  in  this  line  of 
section ;  but  it  is  very  singular  that  it  should  have  thinned  out 
just  where  its  presence  would  have  been  of  decisive  value. 

One  important  and  suggestive  fact  remains.  At  both  Durness  and 
Assynt  the  limestone  forms  a  symmetrical  basin,  the  axis  of  which 
does  not  agree  with  the  normal  strike  of  the  rocks  which  are  sup- 

posed to  overlie,  but  which  coincides  with  the  axis  of  the  existing 
valley  in  which  it  lies.  In  Assynt  the  axes  strike  to  the  south-east, 
at  Durness  to  the  south-south- west. 

I  do  not  at  present  press  these  conclusions  beyond  the  districts 
observed,  but  submit  them  as  an  instalment  towards  the  solution  of 
a  great  question. 

Discussion. 

The  President  said  he  had  twice  visited  the  area,  and  felt  diffi- 
culties in  tracing  the  succession  of  the  rocks,  especially  as  to  the 

asserted  recurrence  of  the  quartzites.  The  fossils  proved  the  lime- 
stone to  be  of  about  Arenig  age ;  certainly  the  limestones  seemed 

to  lie  in  a  synclinal  basin  on  the  quartzites. 
Prof.  Jttdd  said  that,  after  several  visits  to  the  district,  he  felt 

great  difficulty  in  offering  an  opinion  as  to  the  succession  of  beds  ; 
he  thought  the  simple  sections  commonly  drawn  to  illustrate  the 
geology  of  the  country  did  not  hold  good.  He  considered  that 
Prof.  Mcol  had  made  good  his  position  as  to  there  being  only  one 
quartzite  and  one  limestone ;  but  as  to  the  relation  of  these  to  the 
gneiss,  there  was  great  difficulty  in  arriving  at  a  satisfactory  con- 
clusion. 

Dr.  Hicks  agreed  that  the  limestone  series  sometimes  lay  in 
synclinal  folds  of  the  quartzite ;  but  he  thought  there  might  be  two 
quartzites,  as  in  a  case  he  had  recently  noticed  in  another  region 
along  the  same  line  further  south.  He  was  thoroughly  satisfied  that 
the  series  was  newer  than,  and  did  not  underlie,  the  eastern  gneiss. 

Mr.  Hudleston  observed  that  Dr.  Callaway's  mapping  of  the 
Durness  area  coincided  with  Sir  K.  Murchison's  section  as  to  the 
limestone  being  troughed,  and  also  as  to  the  reversed  position  of 
the  two  gneisses.  Further  south  the  quartzites  and  limestones  ap- 

peared to  be  intercalated,  as  at  Loch  Emboli,  where  Orihoceras  had 
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been  obtained  from  the  quartzite,  tending  to  show  that  the  two 
rocks  hang  together.  The  Assynt  series,  though  less  distinct  than 
that  at  Loch  Emboli,  was  not  inconsistent  with  such  an  idea.  The 
unequal  tension  of  the  two  rocks  might  in  part  account  for  local 
discordance  of  strike. 

Dr.  Callaway  could  not  agree  with  Mr.  Hudleston  as  to  his 
interpretation  of  the  Durness  section ;  such  discordant  strikes  were 
incompatible  with  the  idea  of  a  conformable  succession ;  nor  did 
he  agree  with  his  view  of  the  Loch-Erriboll  rock.  He  accepted  the 
age  of  the  limestone. 

Q.J.G.S.  No.  146. s 
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17.  On  a  New  Species  of  Teigonia  from  the  Puebeck  Beds  of  the 
Yale  of  Waedoue.  By  E.  Etheeidge,  Esq.,  E.E.S.,  Pres.  G.S. 
With  a  Note  on  the  Strata,  by  the  Ret.  W.  E.  Andrews, 
M.A.    (Eead  December  15,  1880). 

Eaelt  in  this  year  the  Eev.  W.  E.  Andrews,  of  TefFont  Eectory, 
near  Salisbury,  placed  in  my  hands  what  at  first  sight  appeared  to- 
be  a  new  species  of  Trigonia  from  the  Purbeck  rocks  in  the  Yale  of 
Wardour.  This  new  species  was  found  by  Mr.  Andrews  in  the  rail- 

way-cutting one  mile  west  of  Dinton  Station  in  the  Yale  of  "Wardour ; 
and  its  geological  or  stratigraphical  horizon  is  the  "  Cinderbed  "  so 
well  known  in  the  several  sections  in  the  Isle  of  Purbeck  and  else- 

where. This  bed  is  here  composed  of  hard  grey  marl  and  pale 
brown  soft  limestones,  variable  in  their  proportions.  Ostrea  distorta 
and  casts  of  Trigonia  abound  in  this  Cinderbed,  which  here  measures 
about  2  ft.  6  in.  in  thickness.  The  section  accompanying  this 
paper  (fig.  2,  p.  252)  was  constructed  by  Mr.  Andrews,  and  most 
correctly  represents  the  succession  of  the  Lower  and  Middle  Pur- 
becks  at  the  spot  in  the  vale  whence  the  new  Trigonia  came.  It 
was  from  this  marine  "Cinderbed  "  at  Durlston  Bay  that  Hemicidaris 
pnrbecJcensis,  Eorbes,  was  obtained,  associated  with  Ostrea  distorta, 
a  Trigonia  like  T.  gibbosa,  Cardium  Gibbsii,  Perna  sp.,  and  remains 
of  fish.  No  other  locality  or  section  of  the  Dorsetshire  Purbecks 
has  yielded  the  above.  There  cannot  be  any  doubt  that  this  Tri- 

gonia is  not  T.  gibbosa.  The  Eev.  0.  Eisher  obtained  Trigonia  gib- 

bosa (?)  from  the  middle  Cinderbed  of  Eovant,  "Wilts;  and  the  Eev.  Mr. Andrews  has  obtained  four  other  specimens  of  the  same  species  from 
his  immediate  area ;  so  that  the  genus  is  well  represented  in  the 
Middle  Purbeck  of  the  Yale  of  Wardour.  The  Lower  Purbeck  beds 
of  the  vale  lie  below  the  datum  of  the  railway  and  the  level  at 

which  many  of  the  quarries  are  worked,  the  "  Juxeat "  beds  being 
about  the  lowest  seen.  The  beds  exposed  in  the  railway-section  near 
TefFont  include  the  base  of  the  Wealden,  all  the  Middle  Purbecks  of 
the  Yale  of  Wardour,  and  the  top  of  the  Lower  Purbecks.  The  middle 
group  here  is  about  the  same  thickness  as  the  beds  in  the  Isle  of 
Purbeck  ;  those  at  Eidgway  Hill  and  Mewps  Bay  are  about  50  ft. ; 
and  at  Worborrow  Bay  the  middle  series  measures  90  ft.,  and  at 
Durlston  Bay  150  ft.  There  is  no  Upper  Purbeck  in  the  area 
under  observation  ;  the  hard  marl  with  eroded  surface  is  the  highest 
member  of  the  Middle  Purbeck,  the  succeeding  17  ft.  being  probably 
Hastings  Sand  at  the  base  of  the  Wealden. 

Description. 

Section  Glabrae. 

Teigonia  densinoda,  Ether.    (Eig.  1.) 

Shell  greatly  elongated  or  lengthened  posteally,  the  anteal  or 
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anterior  side  rounded  and  somewhat  steep;  the  base  (inferior  or 
ventral  border)  flattened ;  the  postero-dorsal  (nmbonal  or  superior) 
border  concave  and  much  elongated. 

Tig.  1. — Tritjonia  densinoda,  Ether. 

Umhones  pointed,  small,  but  prominent  or  elevated  and  slightly 
recurved,  antero-mesial,  or  placed  within  the  anterior  third  of  the 
valves. 

Area  moderately  wide,  flattened  and  filled  with  reticulated  costellae, 
which  are  minutely  and  delicately  nodulated  or  tuberculated ;  it  is 
bounded  by  two  carinae,  the  outer  densely  or  closely  nodulated,  in- 

creasing in  width  from  the  umbo  to  near  the  extremity  of  the  pos- 
teal  side,  then  merging  into  the  system  of  tuberculated  transverse 
costse ;  or  the  extreme  posteal  border  possesses  many  irregular  lines 
of  growth  due  to  the  elongation  of  the  tubercles.  The  inner 
carina,  or  that  bordering  the  escutcheon,  consists  of  a  series  of  minute 
tubercles  which  are  immediately  surmounted  by  the  tranverse  wavy 
ridges  of  the  escutcheon.  The  median  sulcus,  or  mesial  furrow, 
is  well  defined.  The  escutcheon  is  remarkably  large,  having  trans- 

verse wavy  rugse  resembling  those  occurring  in  the  INeocomian  Qua- 
dratse.  The  shell  (valve)  possesses  regularly  and  concentrically 
arranged  tuberculated  or  knotted  rows  of  costae ;  about  40  range 
from  the  umbo  to  the  posteal  attenuated  border.  Those  tubercles 
upon  the  posterior  third  of  the  valve,  below  the  area  become  elongated 
and  less  regularly  arranged  than  those  of  the  umbonal  region,  where 
they  are  closely  concentrically  arranged. 

Affinities  and  Differences. — In  outward  ornamentation  T.  densinoda 
s2 
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mihi,  much  resembles  T.  tenuitextd  from  the  Portland  Oolite  of 
Portland,  Devizes,  Crookwood  and  Tisbury ;  but  the  shell  is  more 
depressed  and  lengthened  posteriorly  than  T.  tenuitexta,  and  does 
Dot  possess  the  antecarinal  sulcus  or  space  of  that  species,  which 
occurs  in  all  the  known  Jurassic  Glabrae,  and  which  is  so  essentially 
characteristic  of  the  Portland  group. 

The  ornamentation  is  that  of  the  Upper-Jurassic  Glabra? ;  but  the 
escutcheon,  which  is  remarkably  large  and  possesses  transverse 
rugae,  agrees  with  that  of  the  ISTeocomian  Quadratae,  to  which  it 
allies  the  species. 

All  the  Neocomian  Quadratae  have  the  escutcheon  ornamented, 
and  therefore  distinct  from  that  part  of  the  tuberculated  Jurassic 
species  in  which  it  is  plain  or  unornamented.  Again,  the  Cretaceous 
Scabrae  have  also  ornamented  escutcheons  ;  but  the  latter  are  alto- 

gether different  and  far  removed  from  the  Jurassic  Trigonice. 
I  therefore  regard  this  new  species  of  Trigonia  as  a  transition  form, 

tending  to  connect  the  Portlandian  Glabrae,  through  its  ornamenta- 
tion, with  the  Neocomian  Quadratae,  through  the  ornamented  and 

peculiar  or  characteristic  escutcheon.  Its  stratigraphical  position 
at  the  highest  portion  of  the  Jurassic  system  indicates  a  zoological 
change  in  progress  as  regards  the  genus  Trigonia,  constituting  an 
important  feature  in  the  history  of  the  genus,  no  other  example  of 
which,  so  far  as  I  am  aware,  is  known  in  rocks  representing  the 
Purbeck  formation,  either  British  or  continental. 

This  new  species  falls  under  the  group  or  section  Glabrae,  founded 
by  Agassiz  upon  very  insufficient  data,  and  described  by  him  as 
being  without  ornamentation,  having  no  tubercles  or  costae.  The 
shells  of  this  group  are  usually  "  inflated-ovate  or  ovately-oblong ; 
and  the  area  is  only  slightly  separated"  from  the  rest  of  the  valve. 

Mesially,  or  anterior  to  the  position  of  the  marginal  carina,  there  is 
a  smooth  space  which  commences  at  the  apex  (umbo)  or  near  it,  and 
gradually  widens  downwards  to  the  posteal  border.  This  smooth 
space  is  more  depressed  than  any  other  portion  of  the  valves,  and  is 
distinctly  impressed  by  lines  of  growth. 

In  this  group  the  "  anteal "  portion  of  the  valves  possesses  costae 
more  or  less  prominent,  usually  small,  closely  arranged,  and  either 
plain  or  tuberculated.  The  number  of  species  belonging  to  this  sec- 

tion is  seven,  six  of  which  are  Jurassic,  the  remaining  form  being 
Cretaceous  (T.  excentrica,  Park.). 

Our  species  is  closely  allied  to  those  forms  known  in  the  Portland 
rocks  under  the  name  T.  gibbosa,  Sow.,  T.  Damoniana,  de  Lor.,  T. 
Manselli,  Lycett,  and  T.  tenuitexta,  Lycett,  and  especially  to  the 
last  named,  from  which,  however,  it  differs  in  form  and  characters. 

Note  on  the  Strata.    By  the  Eev.  TV.  P.  Andrews,  M.A. 

Hr.  Andrews  has  drawn  up  the  following  description  of  the 
Purbeck  beds  of  the  Yale  of  W ardour  ;  and  any  of  the  sections  would 
suffice  to  read  aright  the  succession  and  position  of  the  fossil  under 
consideration. 
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Mr.  Andrews  says,  "  the  Purbeck  strata  occupy  an  area  of  from 
five  to  six  miles  square  at  Teffont  Ewias,  Chicksgrove,  Lady  Down, 
&c.  in  the  centre  of  the  Yale  of  Wardour,  and  rest  conformably 
upon  the  Portland  group,  sometimes,  but  not  always,  separated  by  a 
thin  band  of  dark  clay.  These  estuarine  deposits  have  been  consi- 

dered to  belong  to  the  Jurassic  system,  in  consequence  of  their  pre- 
senting remains  of  animal  life  nearer  in  affinity  with  the  Jurassic 

period  than  with  the  Wealden  above,  and  also  from  the  fact  that  the 
marine  Portland  beds  pass  into  the  freshwater  Purbecks  without  un- 

conformity, and  generally  with  an  ancient  land  surface  at  or  near  the 
junction  ;  the  same  area  too  (for  the  Portland  beds  are  always  capped 
by  the  Purbecks)  which  formed  the  bottom  of  the  Portland  sea,  became 
when  raised,  first  the  support  of  the  ancient  forest,  and  then,  when, 
again  slightly  depressed,  the  delta  of  some  great  river,  and  this 
without  any  unconformity  or  denudation,  which  would  imply  a  great 
lapse  of  time. 

"The  Purbeck  beds  in  the  Yale  of  Wardour  are  comparatively  much 
thinner  than  those  exposed  on  the  Dorsetshire  coast,  and  here  pre- 

sent only  about  60  or  70  feet,  belonging  entirely  to  the  lower  and 
middle  divisions. 

"  Whether  the  Upper  Purbecks  were  ever  deposited  here,  it  is  im- 
possible to'  say.  These  Purbeck  beds  thin  out  rapidly  on  the  coast, 

passing  from  E.  to  \Y.,  or  from  Durlston  Bay  to  Portland  Bill,  and 

also  from  S.  to  IS".,  passing  from  the  same  exposure  at  Swanage through  the  Yale  of  AYardour  to  the  thin  capping  at  Swindon. 
This  thinning-out  may  have  been  due  to  the  north  and  west  sides 
of  the  estuary  being  raised  and  above  water  when  the  Upper  Purbecks 
were  being  deposited  in  the  south  and  east — a  supposition  which 
is  borne  out  by  the  Purbeck  at  Swindon,  shown  by  Mr.  Blake  to 

be  '  in  point  of  time  as  old  as  some  parts  of  the  Portland.'  Or, 
on  the  other  hand,  the  upper  beds  may  have  been  deposited  and 
denuded — a  supposition  not  improbable  when  we  remember  that 
the  Cretaceous  system  rests  quite  unconf  ormably  on  these  freshwater 
beds,  e.  g.  the  Gault  in  the  Yale  of  AYardour  overlapping  the  beds 
below. 

"  Xew  quarries,  opened  since  Pitton  wrote  his  memorable  paper, 
have  supplied  some  very  interesting  fossils,  amongst  which  is  the 
new  Trigonia  (T.  densinoda). 

"  At  the  junction  of  the  Purbeck  beds  with  the  Portland  strata 
there  generally  occurs  a  thin  bed  of  dark  clay;  and  some  few  feet 
above  may  be  seen  an  ancient  earth  or  land  surface,  which  is,  in 
places,  as  much  as  2  feet  thick.  This  bed  has  in  it  large  pieces  of 
coniferous  wood  and  a  Cycad,  as  in  the  Isles  of  Portland  and  Pur- 

beck. The  "  cap "  as  it  called,  is  here  visible,  and  has  yielded 
some  interesting  Mollusca,  besides  several  species  of  fishes,  and 
a  very  much  larger  form  of  Archceoniscus  than  A.  Brodiei.  The 
beds  immediately  above  the  Middle  Purbecks  are  not  well  exposed, 
they  consist  (as  on  the  coast)  of  soft  shales  with  Cyprids  and  marls, 

affording  no  good  stone  worth  the  quarryman's  labour.  These, 
I  presume,  would  be  equivalent  to  the  soft  cockle-beds  of  the 
Durlston  section. 
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"  At  the  top  of  the  Lower  Purbecks  and  in  the  Middle  Purbecks 
much  useful  stone  occurs,  and  has  been  extensively  quarried  both 
for  building-purposes  and  for  burning  into  superior  lime ;  from  these 
exposures  some  interesting  fossils  have  been  obtained. 

"  Thick  beds  of  a  hard  grey  marl  at  the  top  of  the  Purbecks,  very 
similar  in  appearance  to  the  insect-beds  of  Durlston,  but  containing 
Cy prides,  here  afforded  some  few  insect-remains,  several  species  (6) 
of  fishes,  and  ArcJiceoniscus  (the  fishes  are  the  following — 

Microdon  radiatus,  Ophiopsis  breviceps) ; 
Pleuropholis, 

also  Turtle  and  Crocodile  remains.  The  insect-remains  are  not  so 
plentiful  as  at  Durlston,  a  comparative  scarcity  arising  from  the 
terrestrial  condition  of  these  beds  in  the  Yale  of  Wardour,  as  evi- 

denced by  the  presence  of  Cyprides. 

"  Passing  up  through  the  "  cherty  freshwater  "  beds,  which  here 
contain,  as  in  Dorsetshire,  Pethidines  and  Cyclades  beautifully  imbed- 

ded in  flint,  we  arrive  at  one  of  the  most  interesting  beds  of  the  whole 

series,  a  marine  bed  called,  in  the  island,  the  "  Cinder."  Although 
it  is  much  reduced  in  thickness  from  12  ft.,  crowded  with  Ostrea 
distorta,  still,  in  the  Yale  of  Wardour,  it  maintains  its  marine  cha- 

racter, and,  as  elsewhere,  from  its  hard  enduring  nature,  has  outlasted 
many  softer  beds.  Beside  the  Ostrea  distorta  which  is  scattered 
through  it,  two  species  of  Trigonia  occur,  T.  gibbosei  and  a  new 
species  which  Mr.  Etheridge  has  named  T.  densinoda,  which  has  not 
occurred  in  any  other  formation  and,  according  to  Mr.  Etheridge,  is 
of  much  palseontological  interest,  arising  from  the  fact  that  it  has 
characters  connecting  it  with  the  Jurassic  Trigonia-gmwp  Grlabrae, 
on  the  one  hand,  and  Cretaceous  forms  of  the  group  Quadratse,  on 
the  other.  Occurring,  as  it  does,  in  beds  of  a  transitional  character 
between  the  Jurassic  and  Cretaceous,  it  is  more  interesting  still. 

"Higher  up  in  the  Middle  Purbecks  occurs  an  extraordinary  abun- 
dance of  the  fossil  Isopod  Archeeoniscus  Brodiei,  sometimes  so  closely 

lying  together  that  250  specimens  have  been  obtained  on  a  slab  not 
larger  than  one  foot  square.  The  8  or  10  feet  of  red  and  yellow 
stratified  sandy  clays  which  are  here  found  on  the  top  of  the  Pur- 

becks, are  possibly  the  Wealden.  They  rest  upon  an  eroded  surface 
of  limestone,  but  otherwise  present  no  unconformity.  It  is  remarkable 
that  these  Wealden  beds  so  often  cap  the  Purbeck  series,  a  fact 
that  seems  to  indicate  that  the  same  area  which  served  for  the  delta  of 
the  Purbecks  performed  the  same  office  for  the  Hastings  series,  with, 
however,  this  difference — that  the  source  from  which  the  materials 
came  must  have  been  different,  although  the  ancient  river  may 
have  served  for  both  formations. 

"  Endogenites  erosa,  not  hitherto  clearly  proved  to  belong  to  any 
other  horizon  than  the  "Wealden,  has  been  found  in  these  red  and 
yellow  sandy  clays  in  situ  ;  a  stratified  bed  above  contains  a  small 
Modiola  and  Cyrena ;  but  whether  Wealden  or  Purbeck,  I  am  not 
able  to  say.  Endogenites  erosa  occurs  in  a  similar  section  half  a 
mile  to  the  east." 
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The  Rev.  Mr.  Andrews  has  made  a  careful  section  of  the  railway- 
cutting  at  Teffont,  which  shows  the  Hastings  beds  and  the  Middle 
and  Lower  Purbecks.  The  Rev.  0.  Fisher  marked  the  divisions  on 
the  section.  Mr.  Andrews  is  of  opinion  that  no  higher  Purbeck 
beds  occur  in  his  neighbourhood  than  those  shown  on  the  section, 
and  that  the  Hastings  series  were  deposited  upon  the  eroded  Purbeck 
strata ;  the  Purbeck  strata  continue  50  ft.  or  more  below  the  base 
of  the  railway- cutting,  as  there  are  many  quarries  in  the  neigh- 

bourhood with  many  feet  of  Purbecks  resting  upon  the  Portland 
beds.  The  section  in  the  railway-cutting  ends  7  ft.  below  the 
"  cinder  bed but  the  quarry  near  the  Rectory  has  been  carried 
19  ft.  below  the  "  cinder,"  into  hard  grey  marls,  which  are  burnt 
for  lime,  and  contain  many  fish,  insects,  Archceoniscus,  Cyclades, 
Cy prides,  &c. 

The  following  is  a  detailed  section  of  the  Portland  beds  in  the 
railway-cutting,  drawn  up  by  Mr.  Andrews,  which,  although  similar 
to  the  woodcut-section  on  p.  252,  nevertheless  enters  more  into  the 
particulars  of  the  beds,  both  as  to  thickness  and  succession,  and  will 
doubtless  be  found  useful  if  the  district  is  visited  and  examined  :  — 

No.  ft.  in. 

*1 

9. l 0 
10. i 6 
11. 0 6 
12. 0 2 

13. 1 0 
14. 0 9 
15. 1 0 

16. 1 0 

17. 1 4 
18. 

19. 0 9 

20. 0 3 
21. 0 3 

22. 0 2 
1  1 
a  J 10 11 

Surface. 
Brown  earth,  with  scattered  flints,  passing  into 
Red  and  yellow  sand,  with  a  few  scattered  flints. 
Grey  sand  with  red  streaks,  passing  into 
Grey  sandy  clay,  red  and  yellow  layers. 
Purplish  red  clay,  laminated. 
Green  clay,  light-red  lines. 
Layer  of  iron  in  laminas. 
Green  clay,  red  irony  lines  of  variable  thickness,  resting 

unconformably  on  the  bed  below,  and  running  down 
amongst  the  lumps. 

Worn  flint-shaped  lumps  of  hard  marl,  vertical  fracture. 
Sandy,  with  perished  shells  in  laj'ers. 
Clay,  red  and  grey,  in  lanrinse. 
Very  red  sandy  rock,  sometimes  blue  and  grey,  with  large 

bivalves,  Ostrece. 
Limestone  layers  in  sandy  clay. 
Thin  laminated  brown  sandy  limestone. 
Hard  sandy  stone,  often  red  outside,  ripple-marks  on the  top. 

Composed  of  perished  shells,  thin  layers  of  limestone 
and  a  line  of  "beef"  about  the  middle. 

Hed  and  yellow  sand  in  layers.  Ostrece. 
Clay,  thin-laminated,  soft  and  yellow ;  impressions  of Archceoniscus. 
Hard  blue  and  brown  marl,  Archceoniscus,  Cyprides, 

Cyclas,  Ostrece,  insects'  wings. Laminated  thin  white  limestone  and  sand. 
Hard  red  sand  rock,  occasional  streaks  of  blue ;  oysters 

and  impressions  of  large  bivalves. 
Soft  sandy  limestone. 



Fig.  2. — Section  of  Parbeck-Becls  in  a  Railway -cutting  1^  mile  west 
of  Dinton  Station,  Vale  of  Wardour.  (Scale,  -i-  inch  to  1  foot.) Surface. 

Wealden 
and 

"  Trail." 

o     O      Q  a 

Middle 
Purbecks. 

Flints,  "  trail." 

Yellow  and  red  sandy  clays.  Endogenites  erosa. 

Hard  marl,  eroded  surface. 

"lining         "  Beef.' 
Chert. 

Sandy,  perished  shell  in  layers. 

Laminated  clay. 
Eed  sandy  rock.  Ostrea. 

Limestone,  laminated. 

Eed  and  yellow  sand.  Ostrea. 

Archceoniscus,  Cyprides,  Cyclas,  Ostrea. 

Hard  blue  marl.  Archceoniscus,  Insects. 
Hard  red  sandy  rock.  Ostrea. 

White  fissile  limestone.  Archceoniscus. 

Brown  limestone  rock.    Ostrea!  and  Fish. 

Cinder-bed.     Ostrea  distorta  and  Trigonice 
( T.  gibbosa  and  T.  densinoda). 

Hard  limestone. 

Sandy  rock. 
Old  earth-surface. 

"Lias."    Cyprides,  Archceoniscus,  Fish. 
Clay. 

Hard  crystalline  rock. 
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No.    ft.  in. 
Brought  1 
forward  J 16  Hi 

23.    1    4     Soft  white  limestone,  laminated,  "  White  bed."  Archceo- niscus. 
2-1.    1    0     Brown  rock,  shelly,  large  bivalves,  oysters,  fish-remains. 
25.  Oolitic  stone,  brown. 
26.  Soft  limestone,  vertical  fracture. 
27.  0    2  "Beef." 
28.  0    6     Sand  and  limestone  in  layers. 
29.  0    2  Chert. 
30.  0    2     Sandy  clay,  dark  brown,  shelly. 
31.  2    5     Hard  grey  marl,  and  brown  soft  rock,  very  varying  in 

their  proportions,  sometimes  the  hard  marl  taking  up 
all  the  space,  and  vice  versa.  "  Cinder  "  containing scattered  Ostrea  distorta,  and  Trigonice. 

32.  3    0     Hard  crystalline  limestone,  in  1,  2,  or  3  layers,  with  thin 
sand  or  clay  between,  blue  outside,  and  containing 
lumps  of  chert,  Cy eludes  in  clay  parting  with  vegetable 
remains  and  Pethidines.  Cyclcides  and  OstrecB  in  the 
chert. 

33.  1    0     Sandy  rock,  yellow. 

34.  0    2     Dark  clay. 
35.  1    6     Hard  grey  marl.    Insect-beds  of  Purbeck. 
36.  0    2  Clay. 
37.  Hard  crystalline  rock,  shelly. 

28  6,] 
Discussion. 

Mr.  Hueke  remarked  that  the  faima  of  the  "  Cinder-bed  "  being 
very  limited,  even  where  it  was  best  known,  namely  at  Swanage, 
any  addition  to  it  was  of  great  importance.  The  discovery  of  the 
species  described  by  Mr.  Etheridge  was  especially  important,  the 
fossil  being  so  strongly  characterized  that  no  doubt  could  be  enter- 

tained as  to  its  distinctness,  while,  at  the  same  time,  it  was  par- 
ticularly interesting  as  binding  together  two  other  forms,  an  older 

and  a  younger  one,  and  thus,  to  a  certain  extent,  bridging  over  the 
gap  between  the  Jurassic  and  Cretaceous  Trigonice. 

Dr.  Duncan  thought  that  the  Wealden-Purbeck  forms  a  series 
intermediate  between  the  Cretaceous  and  the  Jurassic. 

Prof.  Seeley  agreed  with  the  author  that  the  form  is  a  new 
species. 

The  Atjtiioe  stated  that  he  had  shown  the  specimen  to  Dr.  Lycett, 
who  agreed  with  him  as  to  its  peculiarities  of  character. 
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18.  On  Astroconia  Granti,  a  new  Lyssaeine  Rexactinellid  from 

the  Silurian  Formation"  of  Canada.  By  W.  J.  SoiLAs,Esq.,M.A., 
F.R.S.E.,  F.G.S.,  Professor  of  Geology  in  University  College, 
Bristol.    (Eead  February  23,  1881.) 

By  the  great  kindness  of  Lieut.-Col.  Charles  Coote  Grant,  I  have  re- 
ceived a  valuable  collection  of  fossil  specimens  from  the  Silurian  strata 

of  Hamilton,  Ontario.  I  hope,  as  opportunity  serves,  to  offer  de- 
scriptions of  the  more  interesting  of  these  fossils,  and  in  the  following 

short  paper  make  a  beginning  by  describing  an  incompletely  silici- 
fied  specimen  of  chert,  which  by  its  remarkable  similarity  to  the  chalk- 
flints  of  Trimmingham  arrested  my  attention  when  studying  those 
bodies.  The  specimen  in  question  is  a  small  piece  (1  inch  cube)  of 
greyish  siliceous  dolomite  with  a  gritty  granular  texture  ;  on  one 
face  it  bears  a  carbonized  Hydrozoon,  on  another  a  silicified  Polyzoon, 
and  on  a  third  shows  the  opening  of  a  long  winding  cavity  which 
extends  into  the  interior.  From  the  sides  of  this  cavity  some  long 
cylindrical  rods,  very  suggestive  of  sponge-spicules,  were  seen 
conspicuously  projecting :  under  the  microscope  by  reflected  light 
they  were  seen  to  be  covered  with  an  irregular  crystalline  deposit, 
which  made  the  resemblance  to  spicules  less  striking  than  when  exa- 

mined by  the  unassisted  eye.  The  specimen  was  now  broken  into  two 
pieces,  and  the  part  containing  the  rods  and  cavity  placed  in  dilute 
hydrochloric  acid.  Solution  with  faint  effervescence  took  place ;  and 
after  standing  for  twenty-four  hours  the  supernatant  liquor  was 
poured  off  for  subsquent  examination,  while  the  sediment  and 
small  piece  of  siliceous  dolomite  remaining  were  well  washed  and 
further  examined.  From  the  sides  of  the  cavity  in  the  dolomitic 
chert,  cylindrical  rods  were  still  seen  projecting,  and  under  the 
microscope  were  found  to  have  lost  their  irregular  outline  and 
at  the  same  time  to  have  somewhat  diminished  in  thickness ; 
evidently  a  crystalline  coating  had  been  dissolved  away  from  them ; 
and  in  the  slender  siliceous  rods  which  remained  one  recognized  at 
once  true  sponge-spicules. 

The  sediment  was  next  examined.  It  contained  a  number  of  large 
siliceous  spicules,  some  of  which  are  figured  on  page  255,  also  some 
small  colourless  transparen  t  hexagonal  prisms  capped  with  six-sided 
pyramids  at  each  end,  evidently  quartz  crystals,  and,  finally,  some 
minute  rhombohedra,  which  were  subsequently  found  to  be  mag- 
nesite. 

The  Sjjonge-Sjncules. — By  reflected  light  the  spicules  appear  snow- 
white,  with  a  vitreous  lustre ;  by  transmitted  light  they  are  glassy  and 
translucent ;  when  immersed  in  water,  glycerine-jelly,  or  Canada- 
balsam,  they  become  quite  transparent,  except  in  places  where  they 
are  traversed  by  a  minute  black  spongy  network  which  appears 
white  and  shining  with  reflected  light,  and.  evidently  contains  air : 
when  this  is  displaced  by  the  liquid  medium,  the  spicule  becomes 
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transparent  throughout ;  it  is  frequently  colourless,  but  sometimes 
presents  a  faint  yellowish  browm  tint  either  in  places  or  throughout. 
The  surface  of  the  spicule  has  a  rough  irregular  appearance  when 
examined  dry,  which  disappears,  however,  on  immersion  in  balsam, 
being  evidently  due  to  a  crystalline  incrustation  (magnesite).  When 
this  is  removed  the  sides  of  the  spicules  appear  as  neat  continuous 
lines ;  the  axial  canal  is  also  quite  sharply  denned,  and  is  sometimes 
not  more  enlarged  than  in  recent  deciduous  spicules,  though 
occasionally  it  is  so  wide  as  to  reduce  the  spicule  to  a  mere  shell.  In 
some  instances  it  has  been  infilled  with  silica,  so  as  to  appear  as  a 
cylindrical  rod  projecting  from  what  remains  of  the  spicule  in  which 
it  was  formed  (fig.  8,  p.  255). 

The  spicules  are  not  excavated  by  rhombohedral  pits  like  those 
seen  in  Hyalostelia  Smithi,  Young,  from  the  Carboniferous  Limestone 
of  Scotland  ;  but  sometimes  they  are  pitted  all  over  with  hemispherical 
cavities  such  as  are  seen  in  deciduous  and  fossil  spicules,  and  which 
can  be  produced  artificially  in  recent  spicules  by  solvent  agents. 

With  polarized  light  all  the  spicules  give  brilliant  colours,  and 
much  more  vividly  than  those  from  the  chalk  of  Trimmingham  ;  the 
colours  frequently  occur  in  spherical  patches,  as  though  crystallization 
had  been  set  up  about  various  centres  within  the  spicular  substance  ; 
one  might  term  it  an  internal  botryoidal  structure,  though  the 
spicules  are  never  botryoidal  externally  ;  somtimes  the  polarization- 
effects  show  clearly  that  the  spicule  is  composed  of  minute  prisms 
radiating  outwards  from  the  sides  of  the  axial  canal. 

In  concluding  this  brief  account  of  the  mineral  state  of  the  spicules, 
I  may  remark  that,  though  highly  crystalline,  they  are  almost  if  not 
quite  as  well  preserved  as  those  of  Hyalostelia  from  the  Carboniferous 
formation  ;  and  this  is  certainly  surprising  when  we  consider  their 
greater  age  and  much  smaller  size.  The  conditions  under  which  the  two 
sets  of  spicules  were  preserved  were  evidently  very  different,  however ; 
for  Hyalostelia  does  not  appear  to  occur  in  association  with  deposits  of 
chert  as  is  the  case  with  Astroconia.  Hyalostelia  is  possibly  preserved 
to  us  chiefly  by  reason  of  the  magnitude  of  its  spicules,  Astroconia 
chiefly  by  secondary  silicification. 

"We  now  pass  on  to  a  description  of  the  forms  of  the  several  spicules, which  are  figured  on  page  255,  all  being  magnified  40  diameters 
except  figs.  3,  5,  and  7,  which  are  magnified  104  times. 

Pig.  1  is  the  commonest  form,  occurring  in  fragments  of  various 
lengths,  that  represented  being  the  longest  seen.  It  is  almost  exactly 
cylindrical ;  and  the  axial  canal  maintains  a  straight  course  and  even 
width  throughout.  Its  natural  termination  has  not  been  seen;  but 
probably  it  was  pointed  at  both  ends,  and  formed  the  acerate 
spicule  of  the  sponge. 

Fig.  2  looks  at  first  sight  like  the  trifid  spicule  of  a  Tetractinellid  ; 
but  careful  examination  shows  the  presence  of  four  rays,  of  which 
that  marked  a  is  one ;  though  as  here  represented  it  appears 
merely  as  a  bifurcation  of  the  one  in  front  of  it.  By  examining  the 
other  side  of  the  glass  slide  on  which- the  spicule  is  mounted  its  real 
nature  is  readily  made  out ;  moreover  I  was  able  to  turn  an  almost 
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exactly  similar  spicule  over  on  its  head,  so  that  its  shaft  projected 
vertically ;  the  four  capitular  rays  could  then  all  be  seen  in  one  view. 
The  axial  canal  of  the  shaft  is  prolonged  upwards  past  the  common 
origin  in  the  head,  and,  no  doubt,  once  extended  into  a  short  vertical 
spicule  ;  indeed  the  companion  spicule  shows  as  much.  In  addition 
to  this  axial  spine,  containing  a  continuation  of  the  canal,  the  head 
is  ornamented  by  conical  tubercles  given  off  in  the  same  direction 
from  the  upper  surface  of  the  capitular  rays  (as  shown  in  the  figure). 

I  take  this  spicule  to  have  projected  radially  from  the  surface  of 
the  sponge-body,  the  shaft  being  directed  inwards  and  the  capitular 
rays  expanding  parallel  to  the  surface  of  the  body,  as  in  the  similar 
spicules  of  Holtenia  and  Mossella ;  it  has  not  the  appearance  of  an 
anchoring  spicule. 

Figs.  3  and  3a.  These  two  drawings  represent  the  same  specimen, 
the  upper  one  taken  before  immersion  in  a  liquid  medium  and  by  re- 

flected light,  the  lower  one  by  transmitted  light  when  mounted  in 
Canada  balsam.  They  are  magnified  104  diameters  :  so  that,  if 
represented  on  the  same  scale  as  the  other  figures,  they  would  not  be 
quite  so  large  as  the  spicule  represented  in  fig.  6.  The  noticeable 
feature  is  the  presence  of  spines  on  the  rays,  directed  in  all  cases 
towards  the  ends.  The  rays  were  evidently  at  least  five  in  number ; 
probably  there  were  six. 

Fig.  4.  The  four  rays  of  this  spicule  are  directed  downwards 
below  the  plane  of  the  paper ;  near  their  origin  they  each  give  rise 
to  a  large  bifid  spine  inclined  upwards  away  from  the  plane  of  the 
paper.  It  is  probable  that  this  specimen  once  formed  the  head  of  a 
spicule  like  fig.  2. 

'  Fig.  5.  This  spicule  (X  104)  is  chiefly  remarkable  for  its  spinose 
rays  :  on  the  longest  but  still  broken  ray  three  spines  are  given  off 
from  one  side,  and  a  fourth,  represented  in  plan  by  a  circle,  from 
the  adjacent  side  at  right  angles. 

Fig.  6.  The  proximal  half  of  the  rays  is  thicker  than  the  distal 
end,  which  is  long,  slender,  and  directed  downwards,  the  proximal 
half  lying  in  the  plane  of  the  paper.  The  thicker  part  of  the  rays  is 
spined — the  spines  (so  far  as  one  can  judge  from  the  three  which 
remain  on  one  of  the  rays)  being  arranged  spirally,  and  two  of 
them  arising  near  the  origin  of  the  slender  extremity. 

Fig.  7.  This  represents  a  fragment  of  a  cylindrical  spicule  magni- 
fied 104  diameters,  with  the  axial  canal  filled  up  with  silica,  which 

now  projects  at  both  ends  like  an  acerate  spicule  run  through  the 
middle. 

Fig.  8  is  also  a  fragment  of  a  cylindrical  spicule ;  it  shows  the 
hemispherical  pits  which  have  been  eaten  out  of  its  surface. 

Fig.  9.  This  is  one  of  the  most  frequently  occurring  forms  ;  it  is  a 
large  simple  sexradiate — the  rays  having  a  cylindrical  form,  only 
slightly  tapering  towards  their  broken  extremities.  The  axial 
canals  are  regular  and  clearly  defined.  This  is  probably  one  of  the 
staple,  body-spicules  of  the  sponge. 

Fig.  10  is  a  smaller  spicule  of  the  same  kind. 
Fig.  11.  This  is  less  like  a  Hexactinellid  spicule  than  the  others, 
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possibly  owing  to  its  being  incomplete  and  yet  simulating  complete- 
ness through  a  sharpening  of  its  ends  by  solution.  The  axial  canal 

can  be  clearly  traced  through  one  half  of  it  only,  the  other  half  being 
rendered  opaque  by  the  close  firm  network  of  cavities  which  exca- 

vate it. 
Leaving  out  of  consideration  the  last,  which  is  a  doubtful  form, 

and  a  few  other  fragments  not  figured  and  quite  undeterminable,  one 
may  safely  say  that  all  the  spicules  extracted  from  the  small 
fragment  of  dolomitic  chert  are  distinctly  Hexactinellid ;  and  it 
would  appear  that  we  probably  have  here,  not  a  heterogeneous  mix- 

ture of  spicules  derived  from  several  kinds  of  sponge,  as  is  usually  the 
case  in  chalk-flints,  but  the  much  rarer  case  of  a  natural  assem- 

blage of  forms  derived  from  a  single  individual.  For  this  group  of 
forms  we  propose  a  distinct  name,  Astroconia  Granti,  the.  specific 
designation  being  given  in  honour  of  the  indefatigable  observer  to 
whom  we  are  indebted  for  our  knowledge  of  the  sponge. 

The  Quartz  Crystals. — These  do  not  differ  in  character  from  those 
described  from  the  Carboniferous  Limestone  by  Mr.  Wardle  and  in 
my  papers  on  Catagma  (Ann.  &  Mag.  Wat.  Hist.  ser.  5,  vol.  ii.  p.  361, 
fig.  3),  and  on  Mints  (vol.  vi.  p.  445).  I  have  also  called  attention  to 
the  important  part  which  such  such  crystals  play  in  rock-formation 
by  pointing  out  that  certain  beds  of  sandstone  in  the  Eden  valley 
appear  to  partly  consist  of  them.  If  we  knew  the  bulk  of  these  beds, 
we  might  calculate  the  amount  of  limestone  which  must  have  been 
denuded  to  produce  them,  on  the  assumption  that  this  limestone  con- 

tained 1  oz.  of  crystals  in  every  10  lb.  of  rock,  as  is  the  case  with 
that  at  Buxton  at  the  present  day.  I  believe  that  in  these  quartz 
crystals,  derived  undoubtedly  from  siliceous  organisms,  we  have  also 

the  key  to  the  origin  of  the  "  krystallinische  Quarzpsammite  "  of 
Kallmann,  which  occur  in  several  formations  on  the  continent  (Zir- 
kel,  Lehrbuch  der  Petrologie,  vol.  ii.  p.  575).  They  are  nothing 
but  the  insoluble  residues  of  limestone  masses  which  have  been 

dissolved  away  by  the  action  of  subaerial  waters  *.  If  this  be  so, 
we  have  in  these  crystalline  sandstones  the  last  stage  of  one  of  those 
beautiful  cycles  or,  rather,  spirals  which  appear  to  characterize  the 
operations  of  nature  :  the  silica  derived  from  the  disintegration  of  igne- 

ous rocks  is  carried  in  solution  into  the  ocean  and  there  built  up  by 
living  organisms  into  forms  of  endless  diversity  and  exquisite  beauty ; 
this  organic  silica  again  yields  to  solvent  influences  and  afterwards 
crystallizes  out  amidst  calcareous  sediments  in  perfectly  formed 
crystals  of  mineral  quartz  ;  the  calcareous  rocks  elevated  above  the 
sea-level  are  exposed  to  water  and  the  weather ;  solution  proceeds 
apace ;  and  after  the  carbonate  of  lime  has  become  dissolved  away,  the 

*  This  statement  is  too  absolute.  The  beautiful  observations  of  Mr.  J.  A. 
Phillips,  F.Gr.S.,  in  complete  accordance  with  those  of  Prof.  Bonney  and 
Dr.  Sorby,  show  that  crystalline  quartz-sandstones  are  sometimes  formed  in  a 
quite  different  manner — indeed,  that  the  formation  of  quartz  crystals  has  been 
subsequent  to  that  of  the  sandstone  as  a  whole.  In  deciding  upon  the  origin  of 
such  sandstones,  we  shall  have  probably  to  be  guided  by  the  circumstances  in 
each  case,  before  we  can  say  certainly  that  the  constituent  quartz  crystals  are 
original  or  superinduced  formations. 
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minute  quartz  crystals,  uninjured  and  unworn,  are  washed  into  the 
sea  to  constitute  afresh  the  mineral  sediments  of  the  earth's  crust. 

Mhombohedra  of  Magnesite. — These  were  left  on  the  solution  of 
the  limestones  in  dilute  hydrochloric  acid,  the  majority  of  them 
occurring  in  a  free  and  separate  state,  hut  a  few  imbedded  in  small 
fragments  of  chert,  just  like  those  figured  by  Professor  Renard  in  his 
memoir  on  the  4  Phthanites  du  Calcaire  Carbonifere  de  Belgique ' 
(Bull,  de  l'Acad.  Roy.  de  Belgique,  2me  ser.  t.  xlvi.  p.  471,  1878).  To 
determine  their  nature,  as  well  as  that  of  the  rest  of  the  limestone, 
I  made  a  preliminary  qualitative  analysis,  first  of  the  solution  pro- 

duced by  the  action  of  hydrochloric  acid,  and  next  of  the  undis- 
solved residue.  The  former  contained  lime  and  magnesia,  carbo- 

nate of  lime  and  phosphate  of  magnesia  being  precipitated  in  appa- 
rently equal  bulk  ;  the  residue  was  boiled  with  strong  hydrochloric 

acid,  and  the  resulting  solution  analyzed  ;  it  contained  a  little  iron, 
not  a  trace  of  lime,  but  a  considerable  quantity  of  magnesia;  hence 
one  might  conclude  that  that  part  of  the  rock  which  is  not  chert,  is 
dolomite,  while  its  included  rhombohedra,  which  were  set  free  on 
solution,  are  magnesite;  and  a  quantitative  analysis  is  scarcely 
necessary. 

The  Geological  Horizon. — The  rock  specimen  was  obtained  from 
the  chert  beds  of  the  Niagara  Limestone,  which  is  homotaxial  with 
our  Wenlock  Limestone.  It  affords  the  oldest  known  instance  of  the 

associated  occurrence  of  siliceous  sponge-remains  and  chert.  On  the 
one  side  of  a  fragment  of  rock  we  find  free  spicules  still  siliceous, 
together  with  quartz-crystals  imbedded  in  dolomite — on  the  other  a 
mass  of  chert,  in  which  spicules  are  rarely  seen,  and  then  usually  as 
hollow  casts,  but  which  contains  remains  once  calcareous  (such,  as 
the  Polyzoon  before  mentioned)  now  converted  into  silex. 

Discussion. 

The  President  said  this  was  the  oldest  sponge  next  to  Proto- 

spongia.  The  author's  remarks  ou  it  were  most  valuable,  and  those 
on  the  collateral  subject  very  interesting.  It  was  to  be  hoped  that 
Mr.  Maw  would  discover  in  the  English  Wenlock  Limestone  some 
similar  microscopic  forms. 

Prof.  Duncan  said  it  was  interesting  to  see  the  modern  Hexacti- 
nellids  thus  foreshadowed.  Yery  lately  he  had  seen  one  of  the 
spicular  forms  described  by  Prof.  Sollas  in  a  form  he  had  just 
described.  He  quite  agreed  with  the  author  in  assigniug  this  form 
to  the  Lyssakine  Hexactinellids.  There  could  be  no  question  as  to 
the  solution  of  the  spicules  in  sea-water,  as  he  had  lately  seen 
evidence  of  it  in  specimens  from  deep-sea  dredgings.  The  results  of 
Mr.  Maw's  washing  promised  to  be  very  interesting.  He  had 
examined  many,  but  had  not  yet  found  either  sponge-spicules  or 
Poraminifera. 

Prof.  Rupeet  Jones  remarked  that  there  are  different  kinds  of 

"  chert,'5  and  expressed  his  opinion  that  Mr.  Sollas  had  well 
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explained  the  origin  and  formation  of  the  spicnlar  strata  which 
he  had  described  on  this  and  other  occasions.  He  thought  that 

Dr.  Wallich's  hypothesis  of  the  conversion  of  extensive  layers  of 
sponge-protoplasm  into  black  flint  elucidated  many,  but  not  all,  of 
the  phenomena  connected  with  the  origin  of  such  siliceons  strata  as 
flint  and  chert.  He  stated  that  sponge-spicules,  and  nnmerons 
other  Microzoa  from  the  Upper  Silurian  shales  of  Shropshire,  had 
been  noticed  lately  by  Mr.  Smith  of  Kilwinning. 

Dr.  Hicks  said  that  it  was  remarkable  that  chert  was  not  asso- 

ciated with  Protospongia,  as,  on  either  Dr.  AVallich's  or  Prof.  Sollas's 
view,  might  have  been  expected. 

Prof.  Jttdd  said  that,  as  the  solution  of  siliceous  organisms  had 

been  recently  doubted.  Prof.  Sollas's  observations  were  of  additional 
interest.  He  himself  fully  believed  that  this  solution  did  take 
place ;  now  and  then  he  had  found,  in  examining  the  residues  left 
by  dissolving  chalk  in  acid,  the  thickest  portions  of  siliceous  spicules 
still  remaining  not  quite  destroyed  in  chalk. 

Prof.  Sollas  replied  that  he  believed  a  spicule  had  been  described 
by  Mr.  Carter  similar  to  that  mentioned  by  Prof.  Duncan.  The  one 
described  now  by  him,  however,  was  much  more  robust.  He  had 
never  been  able  to  find  spicules  in  the  Wenlock.  He  could  not 

comprehend  what  Dr.  Wallich's  views  really  were.  That  none  of 
the  fossil  siliceous  spicules  which  the  author  had  described  were 
originally  calcareous  was  quite  certain.  As  for  Protospongia,  it 
did  not  occur  in  limestone,  and  bore  a  very  small  proportion  to  the 
mass  of  the  bed ;  and  this  might  account  for  the  absence  of  the 
chert. 
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19.  On  tlie  Order  Theriodontia,  ivith  a  Description  of  a  new  Genus 

and  Species  (^Elerosaeres  *  feeines,  Ow.).  By  Prof.  Owen, 
C.B.,  F.R.S.,  F.G.S.    (Read  March  9,  1881). 

[Plate  IX.] 

Or  Permian  and  Triassic  Reptilia  the  most  interesting,  those  that 
help  to  fill  the  hiatus  separating  the  mammalian  Marsupials  from 
the  cold-blooded  Vertebrates,  seem  to  me  to  be  the  extinct  species 
constituting,  or  referable  to,  the  Order  Theriodontia. 

To  the  characters  of  this  Order  given  in  my  '  Catalogue  of  the 
Fossil  Eeptilia  of  South  Africa 'f,  viz.  "Dentition  of  the  Carnivorous 
type,  incisors  defined  by  position  and  divided  from  molars  by  a  large 
laniariform  canine  on  each  side  of  both  upper  and  lower  jaws,"  may 
now  be  added  "  dentition  '  monoplryodont'  "  %.  At  least  I  have  not 
had  evidence  of  an  immature  specimen  showing  a  milk-series  of 
teeth  to  be  succeeded  by  a  permanent  series  ;  but  if  such  should  be 
found  in  any  of  the  extinct  Eeptiles  of  the  present  Order,  such  Order 

will  be  "  Diphyodont,"  like  the  Mammalian  Carnivora ;  for  there  is 
no  evidence  of  any  third  set  of  teeth  'to  follow  those  which  may  have been  preceded  (though  I  doubt  it)  by  a  first  or  deciduous  set.  Of 
the  adult  dentition,  whether  it  be  6 '  first  "  or  "  second,"  the  molars, 
as  a  rule,  are  inferior  in  size  to  the  incisors,  as  both  are  markedly 
less  than  the  canines.  Add  to  these  characters,  "  humerus  perfo- 

rated by  an  entepicondylar  foramen "§. 
The  Reptiles  so  distinguished  or  characterized  are  already  refer- 

able to  several  genera  ;  and  although  I  fully  recognize  the  artificial 
character  of  a  more  or  less  forward  extension  of  the  ossified  "  septum 
narium,"  there  was  a  convenience  in  disparting  the  Theriodont 
genera  known  in  1876  into  " Mononarialia  "  and  "Binarialia"||. 

At  that  date  the  "  Mononarials  "  included  Cynodraco  %,  Cyno- 
champsa  **,  Oynosuchus  ft,  Galesaurus  ±t,  Nyihosaurus  §§,  Sccdopo- 
saurus  ||  ||,  Procolophon  ̂ [^[ :  the  "Binarials"  included  Lycosaurus  *** 
and  Tigrisuchusfff.  Gorgonops  %%%  manifested  a  third  narial 
modification. 

To  this  series  have  since  been  added  species  referable  to  some  of 
the  foregoing  genera,  and,  also  to  a  genus  Titanosuchus  §§§.  The 
latter  was  founded  on  fragmentary  fossils  not  yielding  a  narial  cha- 

*  Gr.  a'iXovpo?,  cat ;  aavpos,  lizard.  t  4to,  1876,  p.  15. t  Anatomy  of  Vertebrates,  8vo,  1866,  vol.  ii,  p.  268. 
§  lb.  p.  19,  pi.  xix.  figs.  2  &  3  k,  h ;  Quart.  Journ.  Geol  Soc.  August  1876, 

p.  361,  cut,  fig.  2,  k. 
||  Catalogue,  ut  supra,  pp.  15,  17.  1[  Ibid.  p.  19. 
**  Quart,  Journ.  Geol.  Soc.  vol.  svi.  1860,  p.  61,  pi.  iii. 
tt  Catalogue,  ut  supra,  p.  21. 
X\  Quart.  Journ.  Geol.  Soc.  vol.  xvi.  1860,  p.  58,  pi.  ii. 
§§  Catalogue,  ut  supra,  p.  24.  ||  ||  Ibid.  p.  24.  %*f  Ibid.  p.  25. 
***  Ibid.  p.  15.  ttt  Ibid.  p.  17.  ttl         P-  -7. §§§  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  1879,  p.  189,  pi.  xi. 

Q.  J.  Gr.  S.  ]STo.  146.  T 
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racter ;  and  'with  Titanosuclius,  for  the  same  reason,  may  be  cited 
Kutorga's  Britliopus  and  Orthopus,  from  Russian  Permian,  V.  Meyer's 
Urosaurus,  Fischer's  Rhopalodon,  Eichwald's  Deuterosaurus,  and 
Twelvetrees's  Cliorhizodon,  from  the  same  zone  and  locality  ;  to  the 
Theriodontia  belongs  also  Bailiygnathus  from  the  Trias  of  "  Prince 
Edward's  Island,"  North  America*. 

To  add  to  this  series  of  Theriodont  genera,  and,  seemingly,  to  the 
"  Mononarial  "  section,  I  now  submit  to  the  Society  evidence  of 
another  genus,  JElurosaurus,  exemplifying  in  a  clear  manner  the 
typical  Theriodont  characters,  under  modifications  generically  distinct 
from  those  of  the  specimens  above  cited. 

It  is  a  skull,  including  both  upper  and  lower  jaws,  with  the  orbits, 
obtained  by  Mr.  Thos.  Bain  from  the  Trias  of  Gough,  in  the  Karoo 
district  of  South  Africa,  and  in  the  usual  petrified  condition  of  the 
fossils  of  that  formation  and  locality.  The  postorbital  part  of  the 
skull  is  broken  away,  and  the  border  of  the  nostril  has  been  slightly 
fractured ;  but  the  rest  of  the  specimen,  with  the  dentition,  is 
instructively  preserved. 

The  nostril  (PI.  IX.  figs.  1  &  2,  n)  is  terminal  and  vertical,  and 
shows  no  part  of  a  septum ;  in  shape  it  is  a  full  transverse  ellipse ; 
what  remains  of  the  outlet  yields  in  breadth  13  millim.,  in  depth 
9  millim.  Each  orbit  (ib.  ib.  o)  gives  a  full  obliquely  vertical 
ellipse,  25  millim.  by  20  millim.  The  facial  part  of  the  skull 
extends  two  and  a  half  times  the  fore-and-aft  diameter  of  the  orbit 

in  advance  of  that  cavity.  The  "breadth  of  the  upper  jaw  a  little behind  the  nostril  is  26  millim.,  and  gradually  increases  to  35 
millim.  near  the  orbits.  The  upper  surface  of  the  antorbital  part 
of  the  skull  is  moderately  convex  ;  the  sides  are  less  convex,  but  not 
flat ;  the  vertical  extent  of  the  upper  jaw  at  the  middle  of  the  molar 
series  is  34  millim.,  and  decreases  to  20  millim.  above  the  incisors. 

The  skull  has  been  subject  to  slight  distortion  ;  but  as  this  has 
been  effected  without  fracture,  it  may  be  concluded  to  have  been 
due  to  forces  operating  on  the  matrix  after  petrifaction,  and  when 
the  fossil  was  so  encased  as  to  be  equally  supported  on  every  side 
during  the  movements  of  the  bed,  such  partial  pressure  having 
chiefly  affected  the  left  orbit  (ib.  fig.  3,  o)  and  a  small  part  of  the 
same  side  of  the  skull  in  advance  of  it.  Erom  the  degree  in  which 
the  sutures  are  obliterated,  I  conclude  it  to  have  come  from  a  full- 
grown  and  probably  old  individual,  the  state  of  the  dentition  sup- 

porting that  inference. 
The  premaxillo-maxillary  alveolar  border,  as  it  recedes  from 

below  the  nostril,  follows  a  slightly  sinuous  course,  concave  above 
the  incisors,  convex  above  the  canine  and  the  molars;  thence 
straight  to  beneath  the  orbit. 

The  mandible  is  preserved,  with  the  mouth  close-shut ;  and  the 
mandibular  teeth  are  hidden  by  the  overlapping  ones  of  the  upper 
jaw,  requiring  the  sections  made  in  two  places  for  exposure  (ib. 
fig.  3,  c  ).  The  symphysis  mandibulje  (ib.  fig.  3,  s)  is  27  millim.  in 
depth  and  20  millim.  in  breadth  where  it  is  crossed  by  the  upper 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxii.  p.  352,  1876. 
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canines.  From  its  fore  border,  formed  by  the  incisive  alveoli,  it  slopes 
downward  and  backward,  curving  more  directly  backward  where  it 
terminates  below.  All  trace  of  a  median  symphysial  suture  is  obli- 

terated. The  breadth  of  the  mandible  where  the  rami  diverge  from 
the  symphysis  is  20  millim.  The  preserved  length  of  the  mandible 
is  3  inches  3  lines ;  and  this  was  probably  that,  or  nearly  that,  of 
the  skull. 

The  suture  between  the  maxillary  (ib.  fig.  1,  21)  and  malar  (26)  is 
distinct,  and  shows  the  slender  pointed  hind  end  of  the  maxillary 
terminating  below  the  middle  of  the  orbit,  the  lower  or  malar 
boundary  of  which  is  here  8  millim.  in  depth. 

Before  the  vertical  parallel  of  the  hind  border  of  the  orbit  is 
reached,  the  malar  abruptly  descends  (ib.  fig.  1,  26)  at  almost  a  right 
angle  to  near  the  lower  border  of  a  deflected  part  of  the  mandible. 
This  descending  part  of  the  malar  is  broken  off  on  the  left  side 
(ib.  fig.  3);  and  the  mandibular  depression  which  received  it  is  there 
exposed. 

The  mandibular  ramus  continued  backward  from  the  symphysis 
is  subcompressed,  12  millim.  in  depth  beneath  the  middle  of  the 
molar  series,  thence  rapidly  gaining  depth,  especially  by  a  descent 
and  slight  inflection  of  the  lower  border  ;  the  corresponding  rise  of 
the  coronoid  plate  is  concealed  by  the  malar.  At  the  part  where 
the  vertical  extension  of  the  mandibular  ramus  begins  there  is  a  low 
tuberous  outswelling  of  the  external  surface,  behind  which  that 
surface  gradually  sinks  and  describes  a  moderate  concavity  to  the 
angle  of  the  jaw. 
A  suture  indicative  of  angular  and  surangular  is  not  visible, 

but  that  dividing  such  elements  of  the  mandible  from  the  dentary 
one  is  manifest,  as  is  also,  along  the  lower  narrow  border 
of  the  ramus  (ib.  fig.  3)  the  suture  between  the  splenial  and 
dentary,  showing  the  splenial  to  contribute  to  the  hind  part  of  the 
large  and  strong  symphysis  (s)  supporting  the  lower  incisors  and 
canines. 

The  upper  incisors  (PI.  IX.figs.  1  &  3,  i  1-5)  are  ten  in  number, 
five  in  each  premaxillary,  arranged  in  a  semicircle  or  part  of  a 
broad  ellipse  (fig.  3,  i).  The  bases  of  the  crowns  are  in  contact, 
save  between  the  outermost  and  next  tooth  in  advance. 

There  is  but  little  difference  in  size ;  the  first  and  last  in  each 
premaxillary  are  the  narrowest,  the  second  and  third  the  broadest; 
the  exserted  crown  is  best  preserved  in  the  fourth  and  fifth  of  the 
right  side  (fig.  1),  and  in  the  fifth  of  the  left  side,  the  basal  breadth 
being  2^  millim.,  the  length  about  10  millim.  ;  they  all  appear 
to  have  had  the  same  simple  laniariform  character.  When  entire 
they  passed  in  front  of  and  covered  or  concealed  the  crowns  of  the 
lower  incisors,  the  base  of  one  of  which  is  exposed  behind  the  frac- 

tured crown  of  its  homotype  above. 
After  an  interval  of  8  millim.  extent  the  crown  of  the  upper 

canine  (ib.  c)  extends  downward,  and  with  a  feeble  curve  backward, 
along  a  depression  of  like  size  and  shape  on  the  outer  surface  of  the 
mandible,  which  gains  breadth  for  the  socket  of  the  lower  canine 

t  2 
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(fig.  2,  c)  at  the  fore  part  of  the  depression  for  the  reception  of 
the  upper  one. 

The  breadth  of  the  base  of  the  exserted  crown  of  the  npper  canine 
is  5  millim. ;  it  rather  suddenly  narrows  to  the  pointed  end ;  the 
length  of  the  preserved  exserted  crown  is  12  millim.,  a  small  part 
of  the  apex  being  wanting.  The  crown  is  slightly  compressed,  with 
a  trenchant  border  on  the  hinder  part  which  inclines  somewhat 
inward ;  there  is  an  indication  of  a  fine  crenation  of  this  border. 

On  the  left  side  (PI.  IX.  fig.  2)  I  had  the  outer  alveolar  wall  of 
the  canine  removed  and  exposed  its  root  (c),  extending  upward  and 
slightly  backward  for  twice  the  length  of  the  exserted  crown.  The 
root,  as  it  rose,  slightly  expanded  beyond  the  breadth  of  the  crown, 
and  as  gradually  and  slightly  narrowed  to  the  open  end  of  the  pulp- 
cavity.  There  is  not  a  trace  of  a  successional  canine ;  and  the  con- 

dition of  the  pulp-cavity  and  petrified  pulp,  discoloured  by  the  iron 
of  its  blood,  indicates  renewal  of  the  working  part  of  the  laniary  by 
continuous  growth.  In  the  course  of  this  expository  operation  the 

exserted  crown  of  the  mandibular  canine  (ib.  c')  was  exposed,  12 
millim.  in  length,  nearly  that  of  the  corresponding  part  of  the  maxil- 

lary canine,  in  front  of  which  it  extends,  but  along  the  inner  or  median 
level,  so  as  to  have  been  wholly  concealed  (as  shown  on  the  right 
side,  fig.  1)  by  the  alveolar  plate  continued  from  the  upper  canine 
to  the  upper  and  outer  incisor.  There  are  few  instances  of  carni- 

vorous air-breathers  in  which  the  mandibular  teeth  are  so  completely 
covered  and  hidden  by  the  upper  jaw,  when  the  mouth  is  closed,  as 
in  this  and  other  Theriodont  Eeptiles. 

After  an  interval  about  equal  to  that  between  the  upper  canine 
and  outer  incisor,  the  molar  series  (ib.  figs.  1  &  2,  m)  commences, 
behind  the  canine.  Of  this  series  the  crowns  of  five  are  exposed  on 
each  side  of  the  upper  jaw ;  they  are  all  of  the  simple,  slender, 
laniary  type ;  the  four  anterior  ones  are  divided  by  intervals  of 
about  the  basal  breadth  of  those  teeth,  which  is  1J  millim.  in  the 
first  and  second  molars,  and  diminishes  to  1  millim.  in  the  fifth  • 
the  crown,  inclining  a  little  backward  in  the  three  hindmost,  gra- 

dually narrows  in  each  molar  to  a  sharp  point ;  the  alveolar  extent 
of  the  five  molars  is  7  millim. 

The  toothless  extent  of  the  maxillary  to  beneath  the  fore  border 
of  the  orbit  is  13  millim.  The  upper  dentigerous  tract  in  a  straight 
line  from  the  foremost  incisor  to  the  hindmost  molar  is  45  millim. 

On  a  cursory  comparison  of  the  Theriodont  genera  and  species 
now  made  known  we  discern  a  considerable  range  of  variety  in  both 
size  and  shape. 

The  extremes  of  size  are  exemplified  by  Titctnosuclius  ferooo  *  and 
Scaloposaurus  constrictus  f  ;  those  of  shape  by  the  flattened  head  of 
Galesaurus  %  and  the  compressed  head  of  JElarosaurus  (PI.  IX.). 
The  skull  of  Procoloplion  §  is  broad  in  proportion  to  its  length ;  that 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  (1879),  p.  189,  pi.  xi. 
t  Catalogue,  ut  supra,  p.  24,  pi.  xvi.  figs.  10-15. 
X  Quart.  Journ.  Geol.  Soc.  vol.  xvi.  p.  58,  pi.  ii. 
§  Catalogue,  ut  supra,  p.  25,  pi.  xx.  figs.  4-7. 
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of  Gorgonops  *  is  narrow ;  but  the  ordinal  characters  are  manifest 
in  all ;  only  in  the  dwarfer  and  weaker  species  the  relative  size  of  the 
canines  decreases,  as  is  the  case  with  similar  carnivorous  Mammals. 

Qalesaurus  planiceps  and  yElurosaurus  felinus  form  an  equal-sized 
pair  of  these  ancient  Triassic  precursors  of  our  existing  cats,  or  rather 
cat-like  Marsupials.  Qalesaurus  had  tzf  upper  incisors  like  Dasy- 
urus  ;  JElurosaurus  had  5~5  upper  incisors  like  Didelphys ;  but  the 
molars  of  the  foregoing  and  other  Theriodonts  indicate  the  lower  or 
earlier  type  that  bore  them  in  their  simple  acuminate  form  as  in  the 
antecedent  teeth ;  they  had  not  advanced  to  the  more  complex  modi- 

fied character  shown  in  the  molars  of  the  most  carnivorous  of  either 

marsupial  or  placental  Ferae.  Galesaurus  had  as  many  as  of 
such  molars ;  in  JElurosaurus  they  did  not  exceed,  or  at  most  by 
one,  the       manifest  in  the  fossil  here  described. 

Galesaurus,  in  the  subject  of  the  paper  in  the  16th  volume  of 

our  '  Quarterly  Journal,'  still  has  the  advantage  over  all  the  subse- 
quently discovered  Theriodonts  in  the  entireness  of  the  skull,  espe- 

cially in  the  occipital  region  ;  and  we  may  infer,  analogically,  a 
repetition  of  the  reptilian  characters  of  the  cranium,  indicative  of 
low  cerebral  development,  in  its  coordinates. 

If  we  next  compare  JElurosaurus  with  the  skull  of  Lycosaurus 
curvimola  f ,  which,  at  the  date  of  its  extrication,  was  the  next  in 
completeness  to  that  of  Galesaurus,  we  find  the  nearer  affinity  to 
JElurosaurus  in  the  small  number  of  molars,  in  the  general  propor- 

tions of  the  skull,  and  in  the  extent  and  slope  of  the  symphysis 
mandibulee  ;  but  the  incisor-formula  is  Dasyurine,  and  the  facial 
part  of  the  septum  narium  is  prominently  manifested.  But,  of  all 
the  previously  described  genera  of  Theriodontia  I  deem  I/ycosaurus 
to  have  had  the  nearest  kinship  to  JElurosaurus. 

I  am  indebted  to  Sir  Bartle  Frere,  K.C.B,,  for  kindly  taking 
charge  of,  and  placing  in  my  hands,  the  unique  subject  of  the 
present  paper  J. 

EXPLANATION  OF  PLATE  IX. 

JElurosaurus  felinus. 

(All  the  figures  are  of  the  natural  size.) 
Fig.  1.  Right  side  view  of  the  skull. 

2.  Left  side  view  of  the  skull. 
3.  Under  view  of  the  skull. 

*  Catalogue,?^  supra,  p.  27,  pi.  xxi.  t  Ibid.  p.  71,  pi.  78. 
\  For  the  discussion  on  this  paper,  see  p.  270. 
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20.  Description  of  Parts  of  the  Skeleton  of  an  Anomodont  Eeptile 
(Platypodosatjrusrobustus,  Owen).  Part.  II.  The  Pelyis.  By 
Prof.  Owen,  C.B.,  F.G.S.,  &c.    (Head  March  9,  1881.) 

[Plate  X.] 

The  pelvis  of  Platypodoscmrus,  which  has  heen  relieved  from  the 
matrix  since  the  communication  of  the  former  paper*,  includes  five 
sacral  vertebra?  (PI.  X.  fig.  1,  1-5),  the  right  "  os  innominatum," 
62-64,  and  a  large  proportion  of  the  iliac  constituent  of  that  of  the 
left  side.  Of  the  first,  or  foremost,  sacral  vertebra,  s  \  the  part  of 
the  centrum  in  advauce  of  the  transverse  processes,  dl,  is  broken 
away,  but  so  as  to  show  the  apex  of  the  anterior  conical  articular 
cavity.  The  lumbar  vertebra,  which  was  articulated  therewith,  but 
had  become  dislocated  therefrom,  is  preserved  in  the  contiguous 
matrix ;  and  the  shape  and  depth  of  the  articular  cavity  of  its  centrum 
are  exposed  (PI.  X.  fig.  5). 

The  transverse  process  of  the  first  sacral,  cl  1,  including  both  di-  and 
pleurapophysial  elements,  is  short  and  massive  :  measuring  one  inch 
and  a  half  in  antero-posterior  diameter  at  its  middle  and  narrowest 
part,  it  rapidly  expands  to  its  articulation  (and  what  appears  to  be  its 
confluence)  with  the  ilium,  62.  Behind  the  transverse  process  the  cen- 

trum is  moderately  constricted,  but  expands  to  form  the  joint  with 
the  second  sacral,  of  which  joint  the  transverse  diameter  is  2  inehes. 
The  breadth  of  the  entire  vertebra  is  4^  inches. 

The  centrum  of  this  second  sacral  vertebra  (s  2)  shows  a  greater  de- 
gree of  constriction  and  a  narrower  inferior  or  ventral  surface.  The 

transverse  process  (ib.  fig.  1,  cl  2)  extends  from  the  anterior  two  thirds 
of  the  upper  part  of  the  side  of  the  centrum,  is  narrower  than  that 
of  the  first  sacral,  but  is  longer,  curving  outward  and  backward,  ex- 

panded at  both  ends,  but  most  so  where  it  abuts  against  the  ilium. 
The  breadth  of  the  second  sacral  is  5  inches.  The  line  of  confluence 
with  and  abutment  against  the  ilium  is  better  marked  than  in  the 
preceding  vertebra. 

The  centrums  of  the  third  and  fourth  sacrals  are  less  expanded 
at  their  mutual  junction  than  are  those  of  the  first  and  second 
vertebras.  The  transverse  processes  are  rather  shorter,  as  in  that 
of  the  third  sacral,  and  this  is  narrower  than  those  of  the  second 
and  fourth  vertebras  ;  that  of  the  fifth  sacral  is  the  narrowest. 

Each  transverse  process  of  the  sacrum  expands  at  its  outer  end 
so  as  to  touch  the  contiguous  one  where  it  joins  or  coalesces  with 
the  ilium.  The  foramina  or  vacuities  so  circumscribed  decrease  in 
size  from  the  foremost  to  the  third  pair,  and  change  the  oblong  for 
the  subcircular  figure.  The  hinder  articular  end  of  the  fifth  sacral 
centrum,  ss,  is  broken  away,  but  in  a  minor  degree  than  the  fore 

*  Quart.  Journ.  Geol.  Soc.  for  August  1880,  vol.  xxxyi.  p.  414," plates  xvi.  & xvii. 
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part  of  the  first  vertebra;  and  a  larger  proportion  of  the  arti- 
cular concavity  is  there  preserved.  The  entire  breadth  of  this  ver- 
tebra is  4J  inches. 

Turning  to  the  dorsal  aspect  of  the  sacrum  (PI.  X.  fig.  3).  the 
hinder  end  of  a  lofty  but  narrow  crest  of  bone,  n  s,  due  to  confluence 
apparently  of  the  neural  srjines  of  the  fourth  and  fifth  sacrals,  has 
been  worked  out.  The  entire  breadth  of  the  fifth  sacral  vertebra  is 
5  inches.  The  condition  of  the  spines  of  the  antecedent  sacrums 
could  not  be  determined.  In  the  portion  of  a  Dicynodont  sacrum 

described  in  the  -  Transactions  of  the  Geological  Society,'  2nd  series, 
vol.  vii.  pi.  xxxiii.  figs.  4  &  5,  the  short  and  thick  spines  of  the 
first  and  second  sacrals  are  distinct,  not  confluent. 

The  section  of  the  circular  area  of  the  neural  caual  of  the  fifth 
sacral  of  Platypodosaurus  gives  a  diameter  of  6  lines  ;  that  of  the 
first  sacral  has  a  diameter  of  9  lines ;  that  of  the  last  lumbar  ver- 

tebra one  of  8  lines.  Thus  we  have  an  indication  of  an  expansion 
in  the  sacral  region  for  the  lodgment  of  the  part  of  the  myelon 
transmitting  the  nerves  to  the  pelvic  extremities,  which  accords  with 
the  development  of  the  limbs  indicated  by  the  femur  of  Platypodo- 

saurus *.  Comparing  the  sacrum  above  described  with  that  of  the 
larger  and  more  entire  pelvis,  the  subject  of  a  paper  in  the  '  Geolo- 

gical Transactions '  above  quoted,  I  incline  to  regard  "  five  "  as  the 
total  number  of  the  sacral  or  pelvic  vertebrae  in  Platypodosaurus  t. 

The  degree  of  coalescence  of  these  vertebrae  is  such  as  to  sustain 
the  anthropotomical  or  mammalian  consideration  of  the  coalesced  mass 
as  one  bone  or  "  sacrum but  the  ventral  outlets  are  relatively 
larger  and  the  wings  consequently  less  ossified.  The  general  shape, 
moreover,  is  quadrate  rather  than  triangular,  with  deeper  lateral 
concavities  between  the  subcarinate  bodies  and  the  iliac  bones.  The 
present  Reptilian  sacrum  consequently  comes  nearer  in  shape  to  that 
of  the  Megatherioid  mammals :  but  it  includes  fewer  vertebral 
constituents. 

The  length  of  such  "sacrum"  in  Platypodosaurus  is  7|  inches; 
its  breadth,  greatest  at  the  third  vertebra,  is  5j  inches;  it  is  con- 

sequently more  mammalian  in  character  than  is  the  sacrum  of  Bicy- 
nodon  J.  In  this  larger  example  of  the  South- African  reptilian  pelvis 
the  sacral  centrums  are  more  constricted  between  the  articular  ends, 
which  are  concomitantly  more  expanded.  The  space  between  these 

sacral  bodies  and  the  "ossa  innominata"  is  relatively  greater  :  the 
transverse  processes  are  consequently  longer,  and  retain  more  of  the 
ordinary  reptilian  rib-like  character. 

The  iliac  bone  in  Platypodosaurus  rapidly  expands  from  its  attach- 
ment to  or  confluence  with  the  first  sacral  transverse  process ;  it  ex- 
tends and  curves  forward,  outward  and  dorsad,  with  the  convexity 

mesiad,  the  concavity  lateral.  The  extreme  breadth  is  4|  inches  ; 
and  the  anterior  margin  of  the  ilium  runs  almost  parallel  with  the 

*  Loc.  tit.  p.  422,  pi.  xyii.  figs.  6  &  7. 
t  Compare  also  with  page  40,  plate  xxxvi.  (pelvis  of  Dicynodon),  in  the 

1  Catalogue  of  Fossil  Eeptilia  of  South  Africa,'  4to,  1870. 
\  Loc.  cit. 
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portion  of  the  long,  slender,  last  lumbar  rib  (PL  X.  fig.  5,  pi)  here 
preserved.  The  outer  border  of  the  above  expanse  of  the  ilium  is 
produced  into  a  narrow  margin  ;  but  this  subsides  at  the  level  of  the 
articulation  with  the  second  sacral  vertebra,  where  the  ventral  border 
of  the  ilium  becomes  thick,  smooth,  and  convex.  It  thins  off  to  the 
dorsal  border,  which  is  here  sharp  ;  and  the  breadth  of  the  ilium  is 
reduced  to  2\  inches.  As  the  bone  recedes  it  assumes  a  columnar 
character,  with  an  oval  transverse  section,  gradually  expanding, 
where  the  right  innominatum  has  been  fractured,  opposite  its  junc- 

tion with  the  hinder  sacrals,  to  a  dorso-ventral  diameter  of  2^  inches, 
and  a  transverse  one  of      inch  (ib.  fig.  4). 

The  expansion  of  the  bone  after  quitting  the  sacrum  rapidly  aug- 
ments to  the  acetabulum  (ib.  fig.  2  a),  to  which  it  contributes  the 

anterior  and  dorsal  walls,  the  posterior  and  postero-ventral  wall 
(completing  the  circumference  of  the  cup)  being  formed  by  the  ischial, 

63,  and  pubic,  64,  constituents  of  the  "  os  innominatum."  The 
breadth  of  the  iliac  part  of  the  acetabulum  is  4  inches  ;  the  diameter 
of  the  outlet  of  the  cavity  is  3  inches.  There  is  a  well-marked  oblong- 
fossa,  inch  in  breadth,  at  the  bottom  of  the  cavity.  The  depth  of 
the  cavity  here  is  1|-  inch ;  and  the  wall  is  entire,  and  nearly  an  inch 
in  thickness. 

The  ischium,  Y,  contributes  a  rather  larger  share  to  the  cavity 
(PI.  X.  figs.  1  &  2,  63)  than  does  the  pubis. .  Beyond  the  acetabulum 
the  ischium  contracts  to  a  breadth  of  2  inches  4  lines,  where  it  may 
contribute  to  the  foramen  (ib.  fig.  2o).  This  is  subcircular  and  an 
inch  in  diameter.  Beyond  the  foramen  the  ischium  loses  thickness 
and  gains  breadth ;  but  the  confluence  with  the  correspondingly 
lamellate  pubis  is  such  as  to  leave  no  trace  of  their  relative  shares 
in  forming  either  the  above  foramen  or  the  ventral  wall  of  the  pelvic 
outlet.  This  wall,  6  inches  in  breadth,  is  strongly  concave  outwardly, 
convex  towards  the  pelvic  cavity ;  both  surfaces  are  smooth ;  and 
the  plate  of  bone  so  formed  thins  off  to  a  symphysial  border  from 
from  three  to  four  lines  in  thickness,  and  probably  four  inches  in 
extent. 

The  pubis  (ib.  figs.  1&2, 64)  gradually  thins  and  expands  as  it  passes 
from  the  acetabulum  to  the  foramen,  o.  The  border  forming  the 

subacetabular  "  brim  of  the  pelvis  "  is  from  7  to  8  lines  in  thickness  ; 
its  border  has  been  chipped ;  but,  though  not  entire,  it  is  free  from 
any  indication  of  pectineal  process,  or  of  a  prominence  for  the 
support  of  a  marsupial  bone.  The  utmost  care  in  exposing  this 
part  of  the  pelvis  failed  to  bring  to  light  any  such  bones,  or  portions 
of  them. 

An  accidental  fracture,  after  exposition  of  the  above-described  part 
of  the  pelvis,  about  2  inches  in  advance  of  the  acetabulum,  gives  the 
transverse  section  (PL  X.  fig.  4)  of  that  most  contracted  part  of  the 
iliac  constituent. 

The  dorso-ventral  diameter  of  the  anterior  outlet  of  the  pelvis  is 
8  inches  ;  the  extreme  transverse  diameter  is  5 \  inches. 

The  place  of  the  ischiadic  notch,  i,  which  in  most  Bruta  becomes 
a  foramen,  is  marked  only  by  a  feeble  concavity  of  the  postaceta- 
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bular  border  of  the  ischium  :  the  "  tuberosity  "  is  indicated  at  t,  fig-.  2. 
The  extensive  ischio-pubic  symphysis  (fig.  2,  y,  y)  may  have  been 
obliterated  by  continuous  ossification,  as  in  the  pelvis  of  Dicynoclon 
above  compared*,  where  it  projects,  ridge-like,  between  the  broad, 
outwardly  concave,  ischio-pubic  plates.  The  parts  of  the  dorsal 
surface  of  the  plates  of  Platypodosaums  exposed  in  the  block  of 
matrix  show  the  hinder  half  of  a  continuous  crest  of  bone  (ib.fig.3,ns), 
due  to  confluence  of  the  neural  spines  of  the  third,  fourth,  and  fifth 
sacrals.    It  may  have  been  continued  further  forward. 

The  last  lumbar  vertebra  (ib.  fig.  5)  shows  the  hinder  concave 
articular  surface  of  the  centrum,  c,  which  is  2  inches  3  lines  in  dia- 

meter. The  margin  of  the  concavity  is  thick  and  convex,  as  in  the 
dorsal  vertebra  {Joe.  cit.  p.  414,  pi.  xvi.  fig.  3)  of  the  preceding  paper 
on  Platypcdosaurus.  The  neural  canal,  m,  is  7  lines  in  diameter  at 
its  hinder  outlet,  m.  The  neurapophyses,  n,  n,  rise  to  10  lines  before 
sending  off  the  diapophyses,  which  are  broad  and  flat  above,  and 
give  attachment  to  a  slightly  curved  pleurapophysis,  pi,  4|  inches 
in  length  and  9  lines  in  breadth  ;  at  its  free  end  it  almost  comes 
into  contact  with  the  iliac  labrum. 

Of  all  the  examples  of  pelvic  structures  in  extinct  Eeptilia  which 
have  come  under  my  observation,  the  type  of  pelvis  exemplified  in 
Platypodosaurns  departs  furthest  from  any  of  the  modifications  of 
that  part  of  the  skeleton  known  in  existing  Eeptilia,  and  at  the  same 
time  makes  the  nearest  approach  to  the  Mammalian  pelvis.  This  is 
seen,  not  only  in  the  number  of  sacral  vertebrae,  but  in  their  breadth, 
due  to  the  outward  extension  of  their  expanded  transverse  processes. 
The  Mammalian  character  is  more  marked  by  the  breadth  of  the  iliac 
bones,  and  by  the  extent  of  confluence  of  the  similarly  expanded 
ischia  and  pubes,  together  with  their  further  confluence  at  the 
ischio-pubic  symphysis  (which,  though  the  bones  are  here  fractured 
in  the  present  example,  may  be  inferred  to  have  existed  from  the 
general  resemblance  of  the  pelvis  of  Dicynoclon  to  that  of  Platypodo- 
saurus). 

The  small  solution  of  continuity  between  the  ischium  and  ilium 
shown  by  the  foramen  (o,  fig.  2,  PI.  X.)  closely  accords  with  the 
foramen  in  a  similar  part  of  the  pubis  of  many  modern  lizards,  which 

gives  passage  to  the  "  superficial  femoral  artery."  It  may,  however, 
if  the  ischium  be  actually  continued  into  its  periphery  in  Platypo- 
dosaurus,  be  regarded  as  a  trace  of  a  "  foramen  obturatorium." 

EXPLANATION  OF  PLATE  X. 

Platypodosaurns  robustus. 

Pig.  1.  Front  view  of  pelvis:  ̂   nat.  size. 
2.  Side  view  of  acetabulum,  ischium,  and  pubis  :  ̂  nat.  size. 
3.  Back  view  of  sacrum  and  iliac  bones :  \  nat.  size. 
4.  Section  of  ilium  anterior  to  the  acetabulum  :  nat.  size. 
5.  Back  yiew  of  last  lumbar  vertebra :  nat.  size. 

Loc.  cit. 
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Discussion. 

Mr.  Httlke  asked  if  the  lateral  view  of  the  pelvis  of  Platypodo- 
saurus  really  bore  out  the  view  of  the  author  as  to  its  remarkable 
Mammalian  affinities,  and  especially  whether  the  acetabulum  is  in 
front  of  or  behind  the  vertical  of  the  sacro-iliac  junction.  He  further 
remarked  that  most  reptiles  have  not  one  but  many  series  of  teeth ; 
aud  such  would  seem  to  have  been  necessary  for  carnivorous  animals, 
in  which  the  teeth  are  continually  liable  to  damage.  He  stated  that 
the  canine  described  in  this  specimen  seemed  different  from  what  had 
been  described  as  characteristic  of  the  order  Theriodontia. 

Prof.  Seeley  inquired  whether  the  ilium  of  Platypodosaurus  re- 
sembled that  of  a  Seal.  So  far  as  he  could  judge  from  the  single 

diagram,  the  whole  pelvis  closely  resembled  that  of  Dicynodon  ;  and 
if  so,  its  affinities  with  other  orders  of  fossil  reptiles  were  more  im- 

portant than  its  presumed  analogies  with  the  Mammalia.  This  type 
of  pelvis  was  approximated  to  by  certain  Dinosaurs,  and,  but  for 
their  prolonged  iliac  bones,  was  even  more  closely  paralleled  by  the 
pelvis  of  some  Solenhofen  Pterodactyles.  Even  should  the  marsu- 

pial bones  suspected  by  Prof.  Owen  have  existed,  the  character 
need  not  be  mammalian,  since  it  is  well  developed  in  the  Pterodac- 
tyle  group. 

With  regard  to  the  Theriodontia,  he  was  unable  to  admit  the 
importance  of  the  characters  and  presumed  characters  on  which 
the  order  was  founded.  The  teeth  of  existing  Lizards  would,  by 
the  variety  of  types  which  they  present,  as  well  sanction  ordinal 
subdivisions  as  the  Anomodontia.  The  Dinosaurs  also,  with  their 
carnivorous  and  herbivorous  types  of  teeth,  presented  greater  variety 
among  themselves  than  that  which  was  held  to  separate  the  fossil 
described  from  its  Anomodont  allies.  He  could  not  see  how  the 
circumstance  of  the  so-called  canine  tooth  being  better  nourished 
and  growing  larger  could  in  these  animals  be  an  ordinal  character. 
He  thought  it  premature  to  infer  the  absence  of  successional  teeth 
as  an  ordinal  character — because  the  animals  described  were  mature, 
and  succession  of  teeth  may  well  have  occurred  in  early  life.  Not 
only  were  there  no  such  characters  dividing  these  animals  from 
Anomodonts  as  separate  Crocodiles  from  Lizards  or  Turtles  from 
Crocodiles,  but  there  was  absolutely  no  important  difference  of  plan 
in  the  structure  of  the  skulls  of  Anomodonts  and  the  so-called 
Theriodonts.  Prof.  Owen  had  long  ago  classed  these  animals  as 
Cynodontia,  forming  a  family  of  the  Anomodonts ;  that  classification 
he  thought  excellent,  but  he  could  not  accept  the  family  as  an  order 
or  adopt  its  new  name. 

Mr.  Twelvetrees  had  just  returned  from  the  district  of  widely 
spread  Permian  deposits  of  Kussia.  So  far  as  he  knew,  these  rocks 
had  only  exhibited  two  types  of  Reptilian  structure,  the  Labyrintho- 
dontia  and  the  Theriodontia.  He  asked  for  information  as  to  the  re- 

lations between  the  latter  and  several  genera  described  by  Prof.  Cope. 
Prof.  Owen  said  that  the  sacrum  of  the  Dinosaurs  approached 

that  of  birds  rather  than  that  of  mammals.    He  was  not  aware  of 
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any  Pterodactyle  pelvis  which  resembled  that  of  Platypodosaurus. 
He  admitted  that  the  dentition  of  the  Lizards  varied,  but  asserted 
that  it  never  approached  to  that  of  the  Theriodontia,  in  which  the 
teeth  were  not  ankylosed  to  the  jaw.  He  was  not  able  to  compare 
these  forms  with  the  genera  of  Prof.  Cope,  in  the  absence  of  suffici- 

ently large  and  detailed  figures  to  illustrate  the  descriptions  given 
by  that  naturalist. 
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21.  Additional  Observations  on  the  Superficial  Geology  of  British 
Columbia  and  adjacent  Regions.  By  George  M.  Dawson, 

D.Sc,  F.G.S.,  Assoc.  B.S.M.,  Assistant  Director  of  the  Geological' 
Survey  of  Canada.    (Read  March  9,  1881). 

Contents. 

Observations  on  the  Southern  part  of  the  Interior  of  British  Columbia. 
Observations  north  of  the  54th  parallel  in  British  Columbia. 
Peace  and  Athabasca  Basins. 
Additional  Notes  on  the  Coast. 
Glaciation  of  the  Queen -Charlotte  Islands. 
General  Eemarks  and  Conclusions. 

In  two  papers  previously  communicated  to  the  Geological  Society, 
the  results  of  observations  on  the  glaciation  of  the  northern  portion 
of  the  American  continent  from  Lake  Superior  to  the  .  Pacific  have 
been  given*.  The  geological  work  of  which  these  observations 
formed  a  part  was  carried  on  first  in  connexion  with  the  North- 
American  Boundary-Commission  Expedition,  and  subsqu  entry  on  the 
Geological  Survey  of  Canada.  In  continuing  the  exploration  of 
British  Columbia  on  the  Survey  last  named,  during  the  seasons  of 
1877,  1878,  and  1879,  many  additional  facts  of  interest  have  been 
gathered,  which  it  is  proposed  here  briefly  to  summarize  and  discuss 
with  special  reference  to  the  second  of  the  two  papers  above  men- 

tioned, in  which  a  description  of  the  salient  physical  features  of  the 
province  of  British  Columbia  has  been  given,  and  a  map  published ; 
to  these,  which  it  is  unnecessary  here  to  repeat,  reference  should  be 
made  in  considering  the  points  now  brought  forward. 

Observations  on  the  Southern  part  of  the  Interior  of  British  Columbia. 
In  the  more  detailed  examination  of  that  part  of  the  southern 

portion  of  the  province  extending  from  the  Eraser  eastward  to  the 
Gold  ranges,  and  including  the  whole  breadth  of  the  region  formerly 
called  the  interior  plateau,  traces  of  a  general  north-to-south 
glaciation  have  been  found  in  a  number  of  additional  localities  at 
high  levels  ;  and  it  would  appear  that  the  ice,  whether  that  of  a  great 
glacier  or  water-borne,  pressed  forward  to,  or  even  beyond,  the  line 
of  the  49th  parallel,  notwithstanding  the  generally  mountainous 

character  of  that  part  of  the  country.  "With  the  facts  previously recorded,  these  now  extend  the  known  area  of  north-to-south 
glaciation  to  a  portion  of  the  plateau  over  400  miles  in  length. 

The  most  striking  instance  of  this  general  glaciation,  and  that 
which  carries  it  up  to  a  height  greater  than  elsewhere  observed, 
is  met  with  in  the  case  of  Iron  Mountain  at  the  junction  of  the 
Nicola  and  Coldwater  rivers.  This  mountain  is  one  of  the  more 
prominent  points  of  that  portion  of  the  plateau,  which,  toward  the 
eastern  or  inland  borders  of  the  coast-range,  becomes  rough  and 
broken.  It  rises  in  a  broad  dome-like  form  to  a  height  of  3500 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  p.  603,  and  vol.  xxxiv.  p.  89. 
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feet  above  the  neighbouring  river- valleys,  or  5280  feet  above  the 
level  of  the  sea.  Its  summit  has  been  heavily  glaciated,  the  projecting 
rocky  masses  being  worn  into  ridges  parallel  to  the  direction  of  ice- 
movement,  the  indicated  direction  of  which  is  nearly  parallel  to  a 

bearing  N.  29°  W.  to  S.  29°  E.  If  not  due  to  the  general  glaciation, 
these  markings  can  have  been  caused  only  by  ice  from  the  coast- 
ranges  ;  and  though  ice  has  flowed  from  these  as  from  the  other 
mountain  masses  of  the  province  during  the  later  portion  of  the 
glacial  epoch,  I  believe  the  situation  of  Iron  Mountain  to  be  such  as 
to  preclude  altogether  this  mode  of  explanation.  The  mountains  of 
the  coast-ranges  are  neither  high  enough  nor  so  near  as  to  supply  a 
body  of  ice  capable  of  overriding  it. 

On  the  plateau  south  of  Kamloops  glaciated  surfaces  have  been 
found  in  several  places  at  an  elevation  of  about  3200  feet  above  the 
sea.  The  locality  is  far  removed  from  any  mountain-ranges  capable 
of  giving  rise  to  extensive  glaciers,  being  situated  in  the  very  centre 
of  the  interior  plateau.  The  rocks  are  broadly  ice-shaped  and  not 
unfrequently  polished,  more  rarely  distinctly  striated.  The  direction 
of  movement  varies  from  S.  6°  E.  to  S.  27°  E.  On  another  part  of 
the  plateau,  north  of  the  course  of  the  upper  part  of  the  Nicola 
River  between  Stump  and  Douglas  Lakes,  at  an  elevation  of  about 
3622  feet,  are  glacial  traces  similar  to  the  last,  consisting  of  polishing 

and  striation  without  fluting,  having  a  general  direction  of  S.  9°  E. 
Still  another  instance  of  this  general  glaciation  is  found  on  the 
granite  rocks  near  Chain  Lake,  between  Lake  Okanagan  and  the 

Similkameen  River,  in  latitude  49°  40'  N.  Here,  as  in  the  cases  before 
mentioned,  the  circumstances  seem  entirely  to  preclude  any  expla- 

nation by  local  glaciers,  as  the  portion  of  the  plateau  on  which  it 
occurs  is  fully  up  to  the  general  level,  and  surpassed  only  by  a  few 
insignificant  hills  at  a  considerable  distance.  The  rock-surfaces 
are  beautifully  polished,  and  show  striation  varying  in  direction 
between  S.  20°  E.  and  S.  28°  E.,  but  no  deep  grooving.  The  ele- vation is  4075  feet. 

The  Okanagan  valley  has  been  alluded  to  in  the  paper  already 
referred  to  as  the  most  important  southern  gateway  of  the  interior 
plateau.  The  bottom  of  this  valley,  where  it  crosses  the  49th 
parallel,  is  about  860  feet  above  the  sea-level.  It  is  wide,  and  must 
at  one  time  have  been  much  deeper,  as  its  rocky  floor  is  not  now  seen. 
It  occupies  the  axis  of  a  general  depression  of  some  magnitude,  and 
appears  to  have  carried  the  drainage  of  a  great  part  of  the  interior 
of  British  Columbia  at  a  former  period.  This  valley  has  probably 
been  subject  to  heavy  ice-action  during  the  time  of  general  glaciation ; 
but  to  what  extent  the  features  now  found  may  be  due  to  this,  and 
in  how  far  to  a  subsequent  period  when,  as  a  narrow  arm  of  the 
sea  or  of  a  great  lake,  it  carried  southward  ice  produced  by  glaciers 
nearer  the  mountains,  it  is  now  difficult  to  ascertain.  Glacial 
striation  was  observed  descending  obliquely  from  the  sides  toward 
the  centre  of  the  valley,  and  also  in  several  places  in  the  valley 
itself,  but  in  both  cases  without  distinct  grooving.  The  rocks  of 
the  sides  of  the  valley  are  often  distinctly  moutonnees ;  and,  as  seen 
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from  a  distance,  those  on  the  lower  part  of  the  slopes  show 
flattened  outlines,  while  those  higher  up  are  more  abruptly  rounded 
and  have  not  been  so  thoroughly  ground  down. 

The  general  statements  made  in  a  former  communication,  in 
reference  to  the  covering  of  Boulder-clay  or  unmodified  drift  spread 
over  the  entire  area  of  the  interior  plateau,  are  borne  out  in  the  region 
now  more  particularly  in  question.  Prom  the  rearrangement  of 
this  material  the  great  systems  of  terraces  subsequently  mentioned 
have  been  formed. 

Details  need  not  be  given  of  the  evidence  in  striation  and  rock- 
polishing  of  the  existence  of  glaciers  radiating  from  the  various 
mountain-systems,  though  it  may  be  mentioned  that  some  of  these 
seem  to  have  had  a  very  great  extension  down  the  lower  valleys. 

In  this  southern  portion  of  the  interior  plateau,  terraces  are 
exhibited  on  a  scale  scarcely  equalled  elsewhere.  They  border  the 
river-valleys,  and  at  greater  elevations  are  found  expanding  beyond 
these  and  attached  to  the  higher  parts  of  the  plateau  and  mountains. 
None  has  yet  been  found  here,  however,  equal  in  height  to  that 
previously  described  on  Il-ga-chuz  Mountain  in  the  north  at  5270 
feet  above  the  sea.  Many  of  the  terraces  and  "  benches  "  of  the 
valleys  may  be  the  result  of  the  gradual  cutting-down  of  the  river- 
course  in  the  hollow  previously  filled  with  glacial  debris ;  but  for  others, 
including  more  particularly  those  of  the  higher  levels,  no  explanation 
short  of  the  complete  flooding  of  the  plateau-region  will  suffice. 
Knowing  therefore  that  the  water  must  have  stood  successively  at 
every  lower  level,  it  is  of  comparatively  little  importance  that  in  the 
case  of  some  of  the  lower  terraces  it  becomes  impossible  to  determine 
whether  they  belong  to  this  period  of  the  retreating  waters  or  to  a  sub- 

sequent river-erosion. 
In  this  region  the  terraces  frequently  surpass  3000  feet  in  eleva- 

tion above  the  sea-level.  The  more  prominent  of  those  seen  on  the 
southward  slope  of  Iron  Mountain  may  be  taken  as  an  example 
of  the  arrangement  of  these  old  water-marks.  These  terraces  are  as 
follows,  the  approximate  heights  being  given  in  feet — 2386,  3063, 
3392,  3611,  3715.  It  is  frequently  observed,  however,  that  the 
occurrence  of  a  terrace  at  any  particular  level  is  merely  a  matter 
of  local  circumstance,  probably  dependent  on  the  supply  of  material 
and  other  such  causes ;  and  in  different  places  not  very  remote  the 
the  scale  of  terraces  often  differs.  This  is  illustrated  on  Okanagan 
Mountain,  situated  east  of  the  lake  of  the  same  name.  On  the 
south  side  of  this  elevation  the  principal  terraces  were  baro- 

metrically determined  as  follows— 1862,  2042,  2141,  2645,  2800, 
2839  feet ;  on  the  northern  slope  six  principal  terraces  were  again 
observed,  as  follows— 1451,  1579,  1962,  2452,  2553,  2879  feet. 

The  wide  trough-like  valleys  which  traverse  the  plateau  are,  over 
a  considerable  portion  of  its  extent  in  the  southern  part  of  the  province, 
partly  filled  with  a  deposit  of  white  silt  or  loess-like  material  com- 

parable with  that  described  under  the  same  name  in  the  JNechaeco 
basin  to  the  north  *.  It  is,  however,  unconnected  with  the  latter, 

*  Quart.  Journ.  Greol.  Soc.  vol.  xxsiv.  p.  105. 
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and  at  a  considerably  lower  elevation,  reaching  a  maximum  height 
of  about  1700  feet  above  the  sea.  In  the  vicinity  of  Kamloops 
Lake  and  in  the  South  Thompson  and  Okanagan  valleys,  it  is  well 
shown,  generally  forming  the  first  terraces  above  the  rivers.  In 
origin  it  is  probably,  like  that  of  the  Nechacco  region,  a  deposit  from 
the  turbid  waters  flowing  from  glaciers  at  a  time  when  these  had  a 
considerable  extension  from  the  various  mountain-ranges.  At  this 
time,  either  from  general  depression  of  the  land,  or  the  damming 
of  the  valleys  by  ice  or  moraines,  a  system  of  winding  water-ways, 
lakes  or  fiords,  must  have  occupied  the  main  valleys.  The  heads  of 
these  valleys  in  the  Gold  ranges  still  hold  long  and  deep  lakes,  on 
the  banks  of  which,  where  they  have  been  examined  (more  parti- 

cularly in  the  Shuswap  region),  drift  deposits  are  comparatively  un- 
important, and  the  white  silts  are  not  found.  The  fine  silty  material 

must  have  been  deposited  in  somewhat  tranquil  waters ;  but  it 
appears  difficult  to  explain  its  absence  from  the  valleys  on  the 
flanks  of  the  Gold  ranges.  It  may  be  suggested  that  the  currents 
in  the  upper  parts  of  the  valleys  were  so  strong  as  to  prevent 
the  deposition  of  the  silt;  but,  apart  from  the  difficulty  found  in 
supposing  such  great  bodies  of  water  as  the  valleys  must  have  held 
at  this  time  to  be  in  rapid  motion,  there  is  no  such  sudden  widening 
in  the  valleys  at  the  points  at  which  the  silt  commences  as  might 
account  for  the  slackening  of  the  current. 

It  is  perhaps  on  the  whole  most  probable  that  the  basins  now 
occupied  by  the  Shuswap  lakes  and  others  in  a  like  position  were 
filled  with  giacier-ice,  from  which  the  water  flowed  down  the  long 
valleys,  while  the  abrasion  of  the  rocky  beds  of  the  glaciers  supplied 
in  large  quantity  the  material  of  the  silt  deposits.  From  the  height 
at  which  the  silts  occur,  their  greater  coarseness  in  the  lower  part 
of  the  Okanagan  valley,  and  the  evidence  of  current-action  in  that 
valley  near  Osoyoos  Lake,  it  is  probable  that  this  depression  has 
served  as  the  main  outflow  of  the  white-silt  lake  or  sound.  At  the 
last  it  would  appear  that  the  glaciers  retreated  with  considerable 
rapidity,  becoming  extinct  or  dwindling  to  nearly  their  present 
size,  and  leaving  the  upper  portions  of  the  valleys  which  penetrate 
the  Gold  ranges  almost  free  from  debris  and  ready  to  form  the 
basins  of  the  lakes  which  now  generally  occupy  them. 

The  explanation  here  adopted  to  account  for  the  existence  of  these 
lakes  will,  I  believe,  be  found  applicable  to  many  in  other  parts  of 
British  Columbia,  and  is  again  referred  to  on  a  subsequent  page. 
It  is  the  same  advanced  by  A.  Helland  for  Norwegian  lakes  *. 
Whether  any  of  the  lakes  in  the  region  now  in  question  lie  in  rock 
basins  of  glacial  formation  has  not  been  determined,  as  the  valleys 
below  their  outlets  are  generally  filled  to  an  unknown  depth  with 
detrital  materials. 

Observations  north  of  the  5Ath  parallel  in  British  Columbia. 

An  exploratory  survey  of  the  remote  region  lying  between  the 
54th  and  56th  parallels  in  British  Columbia  and  of  part  of  the 

*  Quart.  Journ.  Geol.  Soc.  xxxiii.  p.  165. 
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Peace  and  Athabasca  river-basins  to  the  east  of  the  Rocky  Moun- 
tains, enables  the  characters  of  glacial  evidence  to  be  defined  further 

north,  and  has  aided  in  the  decision  of  some  theoretical  points 
referred  to  in  the  sequel.  Most  of  the  facts  observed  to  the  west  of 
the  Rocky  Mountains  resemble  so  closely  those  previously  described 
for  the  regions  south  and  east  of  this  that  they  do  not  require 
lengthened  notice.  The  southward  or  south-eastward  passage  of 
glacier-ice  in  the  valley  of  Babine  Lake  is  indicated  by  glacial 
grooving,  while  the  valley  of  the  Skeena  has  formed  a  main  channel 
of  discharge  of  glacier-ice  toward  the  coast.  In  the  mountains 
between  the  valley  of  this  river  and  Babine  Lake  a  somewhat  irre- 

gular, but  still,  I  believe,  distinct  terrace-flat  was  observed  on  the 
watershed  at  an  elevation  of  4300  feet.  Its  surface  is  strewn  with 

water-rounded  stones  differing  from  those  of  the  mountains  of  the 
vicinity.  The  region  north-east  of  Stuart  Lake,  extending  to 

McLeod's  Lake  and  the  Parsnip  River  at  the  base  of  the  foot  hills  of 
the  Rocky  Mountains,  is  deeply  drift-covered,  the  surface  consisting 
either  of  Boulder-clay  charged  with  erratics  of  varied  origin,  or 
terrace-flats  formed  by  its  rearrangement.  This  region  lies  to  the 
north  of  and  somewhat  higher  than  the  Nechaco  basin,  which  is 
characterized  by  the  white  silts  of  a  former  paper  *.  The  highest 
part  of  its  surface  crossed  by  the  trail  has  an  elevation  of  2900 
feet. 

In  the  valley  of  the  Misinchinca,  flowing  westward  from  the 
summit  of  the  Pine  pass  of  the  Rocky  Mountains,  glaciation  was 
observed  in  a  few  places  parallel  to  the  direction  of  the  main  de- 

pression. In  the  Pine-River  valley,  draining  eastward  and  joining 
the  Peace,  no  glaciated  surfaces  were  seen — a  circumstance  which 
may  arise  from  the  comparatively  soft  character  of  the  rocks. 

Peace  and  Athabasca  Basins. 

In  the  comparatively  level  country  drained  by  the  Peace  and 
Athabasca  rivers,  to  the  north-east  of  the  mountains,  underlain 
by  unaltered  rocks  of  Mesozoic  and  Tertiary  age,  the  chief  evidences 
of  the  glacial  period  are  found  in  the  distribution  of  erratics,  and 

the  existence  of  extensive  "  drift "  deposits.  In  travelling  eastward 
from  the  mountains  by  the  Pine-River  valley,  a  remarkable  absence 
of  such  deposits  is  noted  in  that  part  of  the  valley  which  traverses 
the  eastern  foot  hills  ;  but  at  the  Middle  Porks  the  plateau,  with  an 
elevation  of  1000  feet  above  the  river,  or  3000  feet  above  the  sea, 
and  at  a  distance  of  thirty  miles  from  the  indurated  rocks  of  the 
mountains,  is  strewn  with  rounded  pebbles  of  quartzite  &c.  from 
these  rocks,  though  material  of  local  origin  preponderates.  Eighteen 
miles  further  east,  at  the  Lower  Porks,  the  superficial  deposits  are 
much  more  important,  covering  the  surface  of  the  plateau  to  a 
considerable  depth,  and  consisting  of  gravelly  beds  passing  upwards 
into  finer  silty  materials ;  the  elevation  of  the  plateau  is  here  2350 
feet.  In  continuing  eastward  after  passing  over  a  summit  of  3300 
feet  on  the  line  followed,  Laurentian  boulders  which  must  have  come 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxiv.  p.  105. 
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from  the  axis  of  these  rocks  to  the  east  or  north-east  were  first  ob- 
served, and  appear  in  abundance,  at  a  height  of  from  2300  to  2500 

feet,  near  the  D'Echafaud  River,  in  latitude  55°  45',  longitude  120°. 
East  of  this  point  tho  wide  Peace-Biver  plateau  extends,  and  the 

general  character  of  the  county  in  regard  to  its  superficial  deposits 
is  so  uniform  that  it  is  unnecessary  to  particularize  localities  in  de- 

scribing it.  Its  surface  is  so  thickly  covered  that  exposures  of  the 
underlying  rocks  are,  as  a  rule,  found  only  in  the  larger  river-valleys. 
The  lower  layers  of  the  drift  appear  to  represent  the  Boulder-clay  of 
the  great  plains  to  the  south  and  east  and  the  northern  part  of  British 
Columbia  to  the  west ;  they  are  sandy  clays  with  boulders  and 
stones  in  abundance,  and  their  upper  surface  is  somewhat  irregular, 
rising  in  some  places  in  ridges  or  broad  gentle  elevations,  which 
stand  out  above  the  newer  silty  deposits  in  which  a  great  part  of 
the  surface  is  enveloped.  The  silt  is  generally  pale  grey  or  fawn- 
colour,  and  while  in  places  passing  almost  into  clay,  becomes  occa- 

sionally a  fine  sand.  This  sandy  covering  of  the  surface  is  found 
especially  at  the  southern  rim  of  the  Peace  basin,  near  the  Atha- 

basca, where  the  plateau  attains  an  elevation  of  about  3300  feet 

(long.  117°).  The  ridges  at  this  elevation  are  still  thickly  strewn with  Laurentian  boulders. 
In  regard  to  the  material  of  the  drift,  the  stones  and  boulders 

scattered  over  this  great  district  are,  in  part,  those  of  the  Pocky  Moun- 
tains to  the  west,  in  part  derived  from  the  Laurentian  axis  to  the 

north  and  east.  The  fragments  from  the  first-mentioned  source  are 
generally  of  quartzite ;  the  limestone  and  other  softer  rocks  accom- 

panying these  in  abundance  in  the  vicinity  of  the  mountains,  de- 
creasing rapidly  as  we  recede  from  them.  The  Laurentian  mate- 

rial is  chiefly  gneiss  and  granite  of  the  usual  well-marked  types. 
Between  the  Athabasca  and  Saskatchewan  (long.  113°  30')  the 
plateau  attains  a  maximum  elevation  of  about  2300  feet,  and 
Laurentian  boulders  are  everywhere  exceedingly  numerous. 

Additional  Notes  on  the  Coast. 

In  the  fiords  penetrating  the  coast  of  the  mainland  of  British 
Columbia,  and  channels  intervening  between  the  numerous  islands 
lying  off  it,  from  the  southern  extremity  of  Alaska  to  the  north  end 
of  Yancouver  Island,  marks  of  the  passage  of  glacier-ice  are  to  be 
found  wherever  the  rocks  are  unweathered  (see  Map,  ]).  278).  These 
marks  are  generally  in  strict  conformity  with  the  directions  of  the 
passages,  which  it  is  evident  must  have  been  filled  with  ice  moving 
in  the  main  seaward  from  the  coast-ranges,  in  which  many  smaller 
glaciers  are  still  found.  Whether  at  any  time  the  supply  of  ice  has 
been  so  great  as  to  form  a  confluent  mass  flowing  toward  the  sea,  at 
right  angles  to  the  general  direction  of  the  coast  mountains,  and  with- 

out regard  to  the  smaller  features  of  the  surface,  has  not  been  definitely 
ascertained  ;  but  it  is  highly  probable  that  this  has  happened.  The 
outer  islands  of  the  Shore  archipelago  have  scarcely  been  examined  ; 

but  the  little  group  called  the  Gnarled  Islands  (lat.  54°  39'),  on  the 
south  side  of  the  strait,  thirteen  miles  wide,  which  lies  between 

Q.J.G.S.  No.  146.  u 
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Dundas  Island  and  Cape  Pox  at  the  southern  extremity  of  Alaska? 

shows  heavy  grooving  from  IN".  50°  E.  to  S.  50°  W.,  proving  that this  strait  must  have  heen  filled  with  ice. 

Sketch  Map  of  part  of  British  Columbia,  showing  the  supposed  exten- 
sion and  general  direction  of  flow  of  the  glacier-ice  when  near  its 

maximum  limit. 
■  32°  _I30^  125° 

124°         "     ~  122° The  arrows  indicate  the  direction  of  flow  of  the  ice. 
The  dotted  line  shows  the  seaward  margin  of  the  confluent  glacier. 

The  scarcity  of  examples  of  wrell-marked  terraces  on  the  coast, 
and  the  comparatively  small  elevations  at  which  they  are  found,  has 

been  remarked  previously.  At  Port  Simpson,  however,  in  lat.  54°  34', the  surface  bears  a  considerable  thickness  of  detrital  matter,  and  from 
a  distance  this  appears  to  form  an  ill- defined  terrace  at  a  height  of 
somewhat  over  100  feet.  A  few  . miles  further  southward,  at  Metla- 
katla,  there  is  a  well-marked  terrace,  flat,  with  an  elevation,  baro- 

metrically determined,  of  95  feet  abo^e  high-water  mark. 
In  the  previous  paper,  already  several  times  referred  to,  evidence 

■was  brought  forward  in  favour  of  a  belief  that  during  a  part  of  the 
glacial  period  a  vast  glacier  filled  the  entire  Strait  of  Georgia,  which 
separates  the  south-eastern  part  of  Vancouver  Island  from  the  main- 

land, and  that  the  ice  swept  across  the  south-eastern  extremity  of  the 
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island,  and  may  even  have  passed  some  distance  southward  to  Puget 
Sound,  and  westward  by  the  Strait  of  Fuca.  It  still  remained,  how- 

ever, to  determine  whether  the  ice  supply  of  this  glacier  was  wholly 
derived  from  the  neighbouring  mountainous  country,  or  whether  (as 
might  be  supposed  in  accordance  with  some  theories  of  glaciation)  a 
great  ice-sheet  entered  at  Queen-Charlotte  Sound,  and  passed  con- 

tinuously southward  between  it  and  the  mainland.  It  is  now  found 
that  the  last-mentioned  idea  must  be  abandoned.  In  several  places 
about  the  northern  end  of  Vancouver  Island,  but  more  particularly 
on  the  little  islands  of  the  Masterman  group  near  Hardy  Bay,  and 
on  those  in  Beaver  Harbour,  are  marks  of  very  heavy  glaciation 
from  south-east  to  north-west,  in  bearings  varying  from  N.  49°  W. 
to  IN".  62°  W.  This  not  only  passes  over  the  islands,  but  has  grooved, 
polished,  and  undercut  vertical,  or  nearly  vertical,  faces  on  their  south- 

eastern parts,  while  the  north-western  slopes  are  comparatively  rough. 
These  traces  precisely  resemble  those  found  in  the  track  of  the 
Strait-of-Georgia  glacier  near  Victoria*,  and  show  that  here,  as 
there,  the  ice  rode  over  the  low  extremity  of  Vancouver  Island. 
The  seaward  margin  of  the  continental  shore  is  here  also  low,  and 
the  width  of  the  glacier  of  Queen-Charlotte  Sound  can  scarcely  have 
been  less  than  twenty  or  twenty-five  miles,  and  may  have  been  much 
greater. 

Some  additional  evidence  of  the  movement  of  the  upper  parts  of 
the  Strait-of-Georgia  glacier  has  been  found  at  jSTanaimo,  on  the 
inner  coast  of  Vancouver  Island,  sixty  miles  north-west  of  Victoria. 
Hard  sandstone  rocks  which  have  been  bared  on  the  colliery  railway 
show  heavy  glacial  grooving  running  parallel  to  the  general  trend 
of  the  coast  and  Strait  of  Georgia  in  such  a  way  as  to  prove  that 
the  entire  strait  must  here  also  have  been  filled  with  ice.  Ho 
local  glaciation,  which  would  radiate  from  the  mountains  of  the 
district,  can  account  for  the  facts.  In  clays  resting  on  these  gla- 

ciated rocks,  shells  like  those  formerly  observed  at  Victoria  were 
found,  a  small  collection  comprising  Saccicava  rugosa,  Myatruncata, 
and  Leda  fossa.  The  height  of  the  locality  is  about  70  feet  above 
the  sea. 

Between  Vancouver  Island  and  the  mainland,  on  both  sides  of 
the  central  region  from  which  the  ice  spread  in  two  directions  to 
form  the  Queen-Chaiiotte-Sound  and  Strait-of-Georgia  glaciers,  well- 
stratified  deposits  of  clays  and  sands  occur,  in  some  places  forming 
cliffs  200  feet  in  height.  In  the  course  of  the  Queen-Charlotte- 
Sound  glacier,  Cormorant  Island  may  be  cited  as  an  example  of 
these  deposits  ;  and  in  that  of  the  Strait  of  Georgia,  Harwoocl,  Mary, 
Hernando,  and  Savary  Islands.  These  deposits  resemble  those  of 

Victoria,  Hew  "Westminster,  and  the  islands  in  the  southern  part  of the  Strait  of  Georgia  previously  described,  but  imply  for  the  period 
of  their  formation  a  decreased  length  in  the  glacier,  from  its  point  of 
maximum  extension,  of  at  least  100  miles.  Harwood,  Mary,  Her- 

nando, and  Savary  Islands  lie  about  the  entrance  of  Bute  and 

*  Quart.  Journ.  Geol.  Soc.  vol.  \xxiy.  pp.  94,  96,  99. 
u2 
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neighbouring  inlets  in  such  a  position  as  to  suggest  that  they  may 
in  part  represent  a  moraine  marking  a  stage  in  retreat  of  the  ice. 
They  form  the  projecting  points  of  a  comparatively  shoal  bank  off 
these  inlets,  which,  in  their  upper  parts,  are  very  deep.  Boulders 
here  occur  in  great  abundance  on  the  beaches,  and  are  probably 
derived  from  a  Boulder-clay  or  morainic  material  underlying  the 
well-bedded  deposits. 

Glaciation  of  the  Queen-  Charlotte  Islands. 

These  islands  were  the  subject  of  geological  examination  in  1878. 
They  form  a  compact  archipelago  widely  separated  from  the  southern 
extremity  of  Alaska  to  the  north,  and  the  western  coast  of  British 
Columbia  to  the  east,  and  may  be  regarded  as  a  partly  submerged 
mountain  system,  the  axis  of  which  lies  in  a  N.N.W.-S.S.E.  bearing. 
In  its  central  part  summits  surpassing  4000  feet,  and  still  bearing 
patches  of  perennial  snow,  are  frequent,  but  it  falls  at  both  ends. 
On  the  north-east  side  of  the  mountain  axis,  at  its  north  end,  is  a 
wide  triangular  attachment  of  flat  land  forming  the  greater  part  of 
Graham  Island. 

In  these  islands  we  find  everywhere  evidence  of  the  descent  of 
glacier-ice  from  the  mountains  toward  the  sea,  but  (with  one  im- 

portant exception  subsequently  noticed)  none  of  the  passage  across 
the  group  of  any  more  ponderous  ice-mass.  The  channels  and  fiords 
penetrating  the  southern  portion  of  the  islands  show  in  general  di- 

stinct and  heavy  glaciation  which  has  evidently  been  local  in  cha- 
racter, the  scoring  and  grooving  being  parallel  to  the  main  directions 

of  the  valleys,  and  changing  with  their  course.  In  Houston- 
Stewart  Channel,  separating  Prevost  and  Moresby  Islands,  the  ice 
has  evidently  flowed  from  the  axial  mountains  both  eastward  and 
toward  the  open  Pacific  to  the  west.  Many  of  the  boulders  of  the 
beaches  are  distinctly  glaciated,  and,  as  they  lie  in  some  places  rudely 
packed  together,  seem  to  have  been  little  disturbed  since  they  were 
deposited  by  the  ice.  Sands,  clays,  and  other  detrital  deposits  re- 

ferable to  the  period  of  glaciation  are  here  almost  entirely  wanting, 
and  the  water  round  the  coast  is  deep. 

Further  north,  near  Laskeek,  where  the  width  of  the  islands 
becomes  greater,  there  is  evidence,  in  the  comparatively  slight  de- 

gree in  which  the  rocks  at  the  outer  ends  of  the  inlets  are  glaciated, 
that  the  glaciers  did  not  long  stretch  much  further  out  than  the  pre- 

sent coast-line.  At  Cumshewa  Inlet  (lat.  53°),  and  further  north  at 
Skidegate  Inlet,  the  character  of  the  coast  changes,  becoming  low ; 
but  both  these  inlets  still  head  in  the  high  axial  mountains  of 
the  group.  Traces  of  the  glaciers  of  these  inlets  are  found  nearly 
to  their  mouths  ;  but  while  the  upper  parts  are  still  deep  and  fiord- 
like,  they  are  partly  blocked  at  their  seaward  extremities  by  trans- 

verse bars,  and  shallow  water  extends  far  off  shore. 
Further  north  a  series  of  fiord-like  valleys  are  still  found  pene- 

trating the  eastern  side  of  the  mountainous  axis  of  Graham  Island, 
and  the  shoal-water  found  off  Cumshewa  and  Skidegate  is  repre- 
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sented  by  the  wide  stretch,  of  flat  land  before  alluded  to.  Several 
of  the  fiords  here  open  together  into  a  large  sheet  of  water  forming 
the  upper  part  of  Masset  Inlet,  which  communicates  with  the  sea  to 
the  north  by  the  long  narrow  passage  known  as  the  Masset  Sound. 
The  fiords  are  heavily  glaciated,  bordered  in  most  places  by  steep 
rocky  shores,  deep  and  free  from  drift  deposits,  and  contrast  in  these 
respects  markedly  with  the  low-shoal  eastern  shores  of  the  Masset 
expansion  into  which  they  open. 

The  composition  of  the  low  land  to  the  east  and  north-east  is 
best  shown  in  the  cliffs  forming  its  eastward-facing  margin.  A  few 
miles  north  of  Skidegate  a  low  cliff  or  bank  shows  deposits  which 
are  evidently  of  glacial  age,  cut  off  above  by  a  gently  undulating 
surface  of  denudation,  above  which  is  10  or  15  feet  of  material 
which  shows  no  sign  of  blending  with  that  below.  The  upper  de- 

posit consists  of  sand  and  well-rounded  gravel  in  regular  and  often 
nearly  horizontal  layers.  It  has  here  become  in  many  places  quite 
hard,  being  apparently  cemented  by  ferruginous  matter.  Its  lower 
layers  hold  small  boulders,  a  few  of  which  are  from  18  inches  to  2  feet 
in  diameter.  The  lower  deposit  in  oue  place  is  a  typical  Boulder- 
clay,  with  many  half- rounded  or  subaugular  stones  and  occasional 
boulders  of  some  size.  The  matrix  is  bluish  grey,  hard,  and  some- 

what arenaceous,  the  whole  being  irregularly  mingled,  and  having 
no  distinct  bedding.  At  a  short  distance  this  Boulder-clay  begins 
to  show  bedding,  and  to  become  interleaved  with  hard  clayey  gravels 
composed  of  well-rounded  pebbles.  The  stratification  of  these  is 
undulating  and  rather  irregular,  and  there  is  some  local  unconformity 
by  erosion  between  the  different  layers.  A  few  paces  still  further 
on  these  become  interbedded  with,  and  are  eventually  replaced  by, 
hard,  bluish-grey,  arenaceous  clays,  which  hold  some  pebbly  layers 
and  an  abundance  of  broken  specimens  of  mollusks,  among  which 
Leda  fossa  is  the  most  common.  A  small  Cardium-l\ke  shell  and 
fragments  of  a  Balanus  were  also  observed. 

Further  north  on  this  coast  the  clays,  with  the  overlying  sandy 
deposit  in  greater  or  less  thickness,  form  long  ranges  of  cliffs  ;  and 
though  locally  irregular,  their  general  character  continues  the  same. 
The  clays  are,  in  some  places,  very  hard,  and  were  observed  to  hold 
fragments  of  trees  quite  brown  in  colour,  but  not  mineralized. 
These  deposits,  as  a  whole,  very  closely  resemble  those  previously 
described  as  occurring  at  Yictoria,  on  the  south-eastern  extremity 
of  Yancouver  Island. 

Lying  like  Masset  Inlet  near  the  junction  of  the  hilly  and  low 
countries  is  Naden  Harbour,  and  between  this  and  Masset  Inlet  are 
two  large  freshwater  lakes,  which  doubtless  occupy  an  analogous 
position,  but  have  so  far  not  been  visited  by  any  but  Indians. 
Southward  there  is  reason  to  believe  that  there  are  one  or  more 
basins  in  a  similar  relation  between  Masset  Inlet  and  Skidegate. 

Boulders  are  very  numerous  on  the  coast  of  some  parts  of  the 
northern  portion  of  Graham  Island  ;  and  these  and  the  beach- 
gravel  are  in  many  cases"  formed  of  rocks  which  must  have  been 
transported  from  the  mainland  to  the  north  or  east,  and  quite  unlike 
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those  of  the  Queen -Charlotte  Islands.  Similar  erratics  appear  to 
characterize  in  greater  or  less  abundance  the  whole  of  the  low 
country  above  described,  but  are  not  found  about  the  heads  of  the 
south-western  extremities  of  Masset  Inlet. 

It  has  previously  been  shown  that  at  the  time  when  the  Strait-of- 
Georgia  glacier  began  to  diminish  the  sea  must  have  stood  consider- 

ably higher  in  relation  to  the  land  than  at  present,  and  the  glaciated 
rock  surfaces  about  Victoria  and  Nanaimo  no  sooner  appeared  from 
beneath  the  glaciers  than  they  were  covered  by  deposits  holding 
marine  shells.  Such  must  have  been  the  state  of  affairs  also  in  the 
Queen-Charlotte  Islands  ;  and  to  this  time  are  doubtless  to  be  referred 
the  clay  and  sand  deposits  of  the  low  north-eastern  part  of  Graham 
Island  above  described.  The  material  of  these  must  have  been  sup- 

plied from  the  glaciers  of  the  islands  themselves,  but  added  to  also  (as 
the  nature  of  the  boulders  proves)  by  the  debris  borne  on  floating  ice 
from  the  larger  glaciers  of  the  mainland,  the  sea  levelling  and 
spreading  abroad  the  material,  and  preventing  the  formation  of  any 
well-marked  terminal  moraines  by  the  island  glaciers.  The  rocky 
beds  of  the  fiords  and  Masset-Inlet  expansions  must  have  been  shaped 
to  some  extent  by  the  ice ;  but  the  absence  of  drift  material  from  their 
areas,  and  especially  of  the  erratics  derived  from  the  mainland,  are, 
with  their  situation,  good  reasons  for  supposing  that  they  mark  the 
regions  last  covered  by  glacier-ice,  and  from  which  it  eventually  re- 

treated Avith  some  rapidity,  leaving  the  hollows  formerly  occupied 
by  it  to  become  first  inlets,  and  then,  with  increasing  elevation,  in 
some  instances  lakes. 

The  exceptional  case  which  seems  to  show  the  impingement  on  the 
Queen-Charlotte  Islands  of  ice  not  produced  on  them  was  found  on 
the  north  coast  on  the  little  islands  lying  outside  the  entrance  to 
Masset  Inlet ;  but  it  is  probable  that  similar  traces  might  be  found 

by  search  in  additional  localities  in  this  vicinity.  "Wider  exposures 
of  basalt  a  few  feet  above  high-water  mark  here  show  very  heavy 
though  somewhat  worn  glaciation  in  a  direction  S.  10°  E.,  or  JST. 
10°  W.,  but  probably  the  former.  The  depth  and  parallelism  of  the 
grooving  would  appear  to  show  that  it  is  glacier  work.  The  moun- 

tainous axis  of  the  islands  in  this  their  northern  part  does  not  ex- 
ceed in  height  about  1300  feet,  and  where  nearest  is  about  15 

miles  from  the  locality,  while  the  direction  of  the  marking  is  not 
that  which  would  be  followed  by  ice  descending  from  the  mountains 
under  any  circumstances,  being  more  nearly  parallel  to  than  radiant 
from  them.  It  is,  however,  just  that  which  ice-masses  floating  up 
or  down  the  strait  separating  the  islands  from  the  mainland  must 
have  taken,  or  glacier-ice  pushing  southward  from  the  long  fiords 
of  the  Prince  of  Wales  group  in  Southern  Alaska,  sixty  miles 
distant.  It  may,  I  believe,  be  attributed  with  greatest  probability 
to  the  last-named  agent ;  and  in  view  of  the  great  extension  which 
the  glaciers  of  other  parts  of  the  coast  must  at  one  time  have  had, 
that  required  for  the  Prince  of  Wales  group  and  adjacent  channels 
does  not  appear  excessive. 
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General  Remarks  and  Conclusions. 

It  is  somewhat  difficult  to  connect  the  various  observed  facts  of 
the  glaciation  of  British  Columbia  in  a  general  theory  of  glaciation, 
owing  to  the  complexity  of  its  physical  features  and  their  marked 
character.  Several  conjectural  schemes  were  advanced  in  a  former 
communication ;  but,  abandoning  the  seemingly  untenable  theory 
of  a  great  polar  ice-cap,  two  probable  hypotheses  appear  to  remain. 
A  general  north-to-south  movement  of  ice  is  indicated  by  striation 
in  a  number  of  places  in  the  central-plateau  zone,  extending  now 
for  a  length  of  over  400  miles.  This  region,  from  elevations  ex- 

ceeding 5000  feet  downward,  is  also  covered  thickly  with  drift-de- 
posits requiring,  by  their  character  and  mode  of  arrangement,  the 

action  of  water.  To  account  for  these  facts  it  was  thought  that 
either  the  flow  of  strong  arctic  currents  bearing  heavy  ice  during  a 
period  of  great  submergence  might  be  supposed,  or  that  the  whole 
region  may  have  been  buried  under  a  massive  confluent  glacier,  the 
drift-deposits  being  laid  down  as  it  retreated  in  the  water  of  the 
sea  during  a  period  of  subsidence,  or  in  that  of  a  great  lake  held 
in  by  glacier-dams  in  the  valleys  of  the  several  mountain-ranges. 

It  was  presumed  that  the  gaps  of  the  Peace  and  Pine  rivers  in  the 
Rocky-Mountain  range  might  have  sufficed  for  the  entrance  from  the 
north-east  of  such  currents  and  masses  of  ice  as  would  be  required 
by  the  first  theory ;  but  the  examination  of  the  region,  with  this 
supposition  in  viewT,  has  convinced  me  that,  notwithstanding  the 
general  decrease  in  elevation  and  width  of  the  Rocky  Mountains, 
the  valleys  of  the  rivers  are  too  narrow  and  indirect,  and  the  sur- 

rounding mountains  too  high,  to  allow  the  inflow  of  sufficient  cur- 
rents with  the  degree  of  subsidence  which  would  be  required  by 

most  of  the  localities  of  glaciation  and  by  the  superficial  deposits. 
Neither  is  there  any  evidence  of  the  passage  of  drift-material  in  this 
region  across  the  mountains  either  from  east  to  west  or  in  the  oppo- 

site direction. 
It  therefore  appears  to  remain  as  the  most  probable  hypothesis 

that  a  great  glacier  mass  resembling  the  inland  ice  of  Greenland 
has  filled  the  region  which  may  be  called  the  Interior  Plateau,  be- 

tween the  Coast  Mountains  and  the  Gold  and  Rocky  Mountain 
ranges,  moving  (though  perhaps  very  slowly)  southward  and  south- 

eastward from  the  region  of  great  precipitation  and  high  mountains 
of  the  northern  part  of  the  province*,  and  discharging  by  the 
Okanagan  depression  and  through  the  transverse  valleys  of  the 
coast  range.  It  still  appears  to  me  most  probable,  however,  that 
this  stage  of  the  glacial  period  was  closed  by  a  general  submergence, 
during  which  the  deposit  referred  to  as  Boulder-clay  was  laid  down 
in  the  interior  plateau,  and  that  as  the  land  again  rose  it  assumed 
its  present  terraced  character.  Conditions  may  be  suggested  to 
account  for  the  temporary  existence  of  a  great  lake  in  the  interior 

*  Explorations  in  the  northern  part  of  the  province  in  1879  have  shown 
that  the  mountains  here  are  even  higher  and  more  extensive  than  had  been 
supposed,  several  ranges  exceeding  8000  feet  in  great  portions  of  their  extent. 
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plateau  of  British  Columbia ;  but  this  will  not  explain  the  great 
height  to  which  water-action  has  extended  on  the  east  side  of  the 
Eocky  Mountains*,  which  was  probably  synchronous.  The  last 
stage  of  the  glacial  period  in  the  northern  part  of  British  Columbia 
appears  to  have  given  rise  to  the  silts  of  the  Lower  Nechacco  basin, 
while  on  the  opposite  side  of  the  Eocky  Mountains  similar  deposits 
were  laid  down  over  the  Peace-River  country,  the  elevation  of  the 
two  districts  being  nearly  alike. 

The  general  question  of  the  origin  of  the  drift-deposits  of  the 
Great  Plains  having  been  fully  discussed  elsewhere  f,  it  will  be 
unnecessary  here  to  enter  into  it  at  length.  The  most  remarkable 
feature  of  the  glacial  deposits  of  the  plains  is  the  Missouri  Coteau, 
which  it  was  supposed  ran  northward  from  the  region  near  the  49  th 
parallel,  where  it  wras  more  particularly  studied,  nearly  following 
the  margin  o£  the  third  prairie  steppe.  This  supposition  has  since 
been  in  great  measure  confirmed ;  and  on  the  journey  from  Edmonton 

to  "Winnipeg,  in  the  autumn  of  1879,  I  was  able  to  examine  cur- sorily the  character  of  this  feature  where  it  touches  the  north 

Saskatchewan  near  the  "Elbow,"  and  to  observe  the  great  accumu- 
lation of  heavy  boulders  of  eastern  and  northern  origin  in  that 

vicinity.  Further  north,  the  facts  now  advanced  show  that  with 
the  general  lowering  of  the  surface  of  the  country  the  well-defined 
zone  of  drift-deposits  known  as  the  Coteau  is  more  or  less  completely 
lost,  the  material  being  scattered  broadcast  over  the  upper  parts  of 
the  basins  of  the  Peace  and  Athabasca  rivers,  and  approaching  in 

considerable  mass  the  highlands  near  the  base  of  the  Eock}-  Moun- tains. 
Over  the  whole  western  portion  of  the  plains,  from  the  49tli  to 

the  56th  parallels,  there  is  a  mingling  of  the  eastern  and  northern 
Laurentian  debris  with  that  from  the  Eocky  Mountains  to  the 
west,  the  latter  consisting  largely  of  certain  hard  quartzite  rocks, 
and  the  overlap  seeming  to  imply  the  existence  of  a  sea  in  which 
ice  derived  from  both  sources  floated  freely. 

Discussion. 

The  Peesident  spoke  of  the  care  with  which  Dr.  Dawson  con- 
ducted his  researches,  and  the  value  of  his  observations. 

Mr.  Batjerman  stated  that  he  was  not  acquainted  with  the  district 
described  by  Dr.  Dawson  ;  but  he  thought,  from  what  he  had  seen 
in  Oregon  and  the  Columbia  valley,  that  many  of  the  conclusions  of 
Dr.  Dawson  could  be  established.  He,  however,  doubted  whether 
the  ice  had  been  quite  so  widely  spread  as  Dr.  Dawson  supposed. 
He  described  some  of  the  great  terraces  on  the  Barrier  Eiver  ;  there 
were  sixteen,  one  over  the  other,  on  a  stupendous  scale.  He  had 
traced  them  on  the  Columbia  Eiver  to  2300  feet  above  sea-level ; 

*  Quart.  Journ.  G-eol.  Soc.  vol.  xxxi.  p.  618. 
t  Quart.  Journ.  G-eol.  Soc.  vol.  xxxi.  p.  603.  '  Greology  and  Resources  of  the 

49th  Parallel,'  p.  6. 
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and  they  could  be  found  still  higher  but  for  the  degrading  action  of 
the  climate.  The  rapid  melting  of  the  snow,  followed  by  freezing, 
and  slipping  of  the  ice  then  formed,  produced  well-defined  ice- 
scratches  in  a  very  short  time. 

Prof.  Boyd  Dawkins  said  that  he  had  studied  the  glacial  phe- 
nomena in  America,  though  he  had  not  been  so  far  north ;  and, 

so  far  as  he  could  form  an  opinion,  that  northern  area  appeared  to 
have  been  a  great  area  of  dispersal  of  ice.  In  the  Western  and 
Pacific  States,  however,  there  was  no  evidence  of  a  great  ice-sheet, 
only  a  rather  larger  extension  of  local  glaciers.  On  the  eastern  side 
the  southern  boundary  of  the  confused  glacial  deposits,  or  the 
drift,  passed  from  the  latitude  of  New  Brunswick  in  a  N.W.  direc- 

tion towards  the  area  of  the  Mississippi,  forming  a  low  range  of  well- 
marked  hills.  To  the  south  of  this  are  the  "  Champlain  terraces" 
and  traces  of  local  glaciers  on  the  higher  hills.  So  that  in  North 
America  there  are  two  great  systems  of  glaciation — one  in  the 
such  as  Dr.  Dawson  had  described  ;  and  another  in  the  ET.E.  region, 
apparently  pointing  towards  Greenland  and  Labrador. 
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22.  The  Permian,  Triassic,  and  Liassic  Rocks  of  the  Carlisle  Basin. 
By  T.  V.  Holmes,  Esq.,  F.G.S.    (Read  February  23,  1881.) 

[Plate  XL] 

I  am  enabled,  by  permission  of  Prof.  A.  C.  Ramsay,  Director- General 
of  the  Geological  Survey,  to  lay  before  you  the  general  results  of 
the  Survey  examination  of  the  Permian,  Triassic,  and  Liassic  rocks 
in  the  country  bordering  the  Solway  Firth  ;  but  I  do  not  propose 
to  discuss  here  the  glacial  drift  and  other  superficial  beds  by  which, 
the  surface  of  the  ground  is  almost  entirely  covered,  and  which  are 
the  main  hindrance  to  an  understanding  of  the  rocks  whicb  form 
my  subject  this  evening. 

Papers  on  the  Permian  and  Triassic  rocks  of  the  North-west  of 
England  have  been  read  before  this  Society  by  Prof.  Sedgwick,  by 

Sir  Roderick  Murchison  and  Prof.  Harkness,  and  by  Mr.  E.  "W. Binney.  But  as  few  districts  promise  less,  except  as  regards  drift 
and  peat-mosses,  than  that  immediately  around  the  Solway,  it  has 
hitherto  been  dealt  with,  as  awhole,  in  a  brief  and  cursory  fashion. 
In  addition,  a  knowledge  of  certain  borings,  the  results  of  which  are 
by  no  means  generally  known,  is  absolutely  necessary  to  a  correct 
view  of  the  structure  of  the  Carlisle  basin  (see  Map,  PI.  XL). 

The  lowest  bed  with  which  we  are  here  concerned  is  the  great 
brick-red  Upper  Permian  sandstone,  so  well  shown  at  St.-Bees 
Head,  and  named,  therefore,  the  St.-Bees  Sandstone.  Between 
St.-Bees  Head  and  Maryport  the  coast  consists  of  the  underlying 
Coal-measures,  the  St.-Bees  Sandstone  having  been  swept  away  by 
marine  denudation."  But  at  Maryport  it  again  becomes  visible,  its 
most  northerly  appearance  being  below  Swarthy  Hill,  on  the  fore- 

shore, about  midway  between  Maryport  and  Allonby.  North  of 
Swarthy  Hill  none  but  superficial  beds  are  exposed  on  the  southern 
shore  of  the  Solway.  On  the  Scottish  side  St.-Bees  Sandstone  appears 
at  Tordoff  Point ;  but,  with  this  exception,  a  walk  along  the  coast 
between  the  Sark  and  the  Mth  shows  no  more  than  one  between 
Allonby  and  Rockcliff,  on  the  southern  side.  At  a  distance  of  one, 
two,  or  three  miles  from  the  coast-line,  however,  Scotland  has  de- 

cidedly the  advantage,  the  corresponding  part  of  Cumberland  being 
entirely  destitute  of  sections. 

Turning  eastward  from  Maryport,  the  St.-Bees  Sandstone  is  found 
to  occupy  a  belt  of  country  ranging  towards  Dalston  on  the  Caldew 
and  Wetheral  on  the  Eden.  Between  Maryport  and  the  Caldew 
its  southern  boundary  consists  of  Carboniferous  rocks  of  various 
ages  :  and  between  the  Caldew  and  the  Eden  of  Lower  Permian 
beds.  The  Carboniferous-Permian  boundary  is  almost  invariably  a 
faulted  one ;  in  Shalk  Beck,  however,  the  unconformity  between 
the  two  formations  is  very  distinctly  shown  about  a  mile  above 
East  Curthwaite.  The  boundary  between  the  St.-Bees  Sandstone 
and  the  Lower  Permian  beds,  between  the  Caldew  and  the  Eden, 
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consists  of  two  great  faults,  which  abut  against  each  other  at  New- 
biggin,  on  the  Pctterill.  Both  faults  have  a  downthrow  to  the  north. 
The  more  westerly  ranges  from  a  point  a  little  north  of  Pose  Castle, 
on  the  Caldew,  to  Ncwbiggin  ;  the  other  from  Newbiggin  to  Bracken- 
bank,  on  the  Eden,  about  two  miles  above  the  railway  bridge  at 
Wethcral.  This  Brackenbank  and  J^ewbiggin  fault  is  known  to 
exist  for  many  miles  eastward  of  the  Eden  ;  it  has  also  (as  I  believe) 
a  considerable  extension  westward,  in  the  direction  of  Cummers- 
dale. 

The  Lower  Permian  beds  which  are  cut  off  by  these  faults  are 
the  Penrith  Sandstone,  a  bright  red  rock  remarkable  for  the  scale 
on  which  it  is  false-bedded,  and  a  red  shaly  series  overlying  it,  and 
directly  underlying  the  St.-Bees  Sandstone.  The  Penrith  Sandstone 

is  well  shown  in  the  Petterill,  a  little  below  "Wreay  Bridge.  The junction  of  the  Penrith  Sandstone  with  the  overlying  shaly  beds  (which 
in  this  locality  contain  gypsum)  may  be  seen  in  the  little  streamlet 
which  runs  into  the  Petterill  from  the  east,  after  crossing  the  Car- 

lisle and  Penrith  road  about  midway  between  Springfield  and  Carle- 
ton  Hill.  A  little  lower  down  the  Petterill,  but  just  above  the  road 
from  Newbiggin  Bridge  eastward,  there  is  a  quarry  in  St.-Bees 
Sandstone. 

North  of  the  faulted  line  the  St.-Bees  Sandstone  is  the  only  Per- 
mian rock  seen*.  About  Brampton  it  occupies  a  broad  belt  of 

country  between  the  Carboniferous  formation  on  the  east  and  the 
Triassic  rocks  on  the  west.  In  the  Eden  it  is  well  shown  between 
Brackenbank  and  Wetheral  Bridge,  and  thence  as  far  down  as  the 
junction  of  the  Eden  and  Irthing.  In  the  Hether  Burn,  the  Line, 
and  Cardwinley  Burn  sections  are  very  abundant.  In  the  Line  the 
full  thickness  of  the  St.-Bees  Sandstone  does  not  appear,  owing  to 
Carboniferous  rocks  being  brought  in  by  a  fault  close  to  Brackenhill 
Tower,  above  which  spot  no  Permian  beds  are  seen ;  but  in  the 
Hether  and  Carwinley  Burns  there  is  an  almost  continuous  series  of 
sections,  from  Carboniferous  rocks  below  the  St.-Bees  Sandstone  to 
the  Triassic  beds  above  it.  In  both  streams  (as  in  Shalk  Beck)  a 
thin  breccia  is  seen  at  the  base  of  the  Permian  formation,  and  there 
is  no  fault  at  the  junction  with  Carboniferous  rocks.  In  the  Esk, 
north  of  the  railway  bridge  between  Scots  Dyke  and  Biddings  junc- 

tion stations,  the  St.-Bees  Sandstone  may  be  seen,  on  the  right  bank 
of  the  stream,  on  both  sides  of  the  Border-line ;  it  also  appears 
in  Moat  Quarry  and  the  cliff  on  the  south  side  of  the  railway 
between  Moat  Quarry  and  the  ancient  fortress  known  as  Liddel 
Strength.  West  of  the  Esk  it  is  visible  in  the  neighbourhood  of 
Scots  Dyke,  both  in  the  Glinger  Burn  and  Sark  ;  also  in  many  parts 
of  the  Kirtlewater,  south  of  Xirtlebridge.  It  is  well  shown  in  the 
railway-cutting  on  the  north  side  of  the  road  from  Annan  to  Kirtle- 
bridge,  in  the  Annan  water  about  Annan,  and  at  Tordoff  Point 
on  the  Solway. 

The  dip  of  the  St.-Bees  Sandstone,  which  varies,  as  a  general  rule, 
from  north  to  north-west  between  Maryport  and  the  Caldew,  slowly 

*  Except  a  very  thin  breccia  at  its  base. 
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changes  between  the  Caldew  and  Hether  Burn,  till,  in  the  latter 
stream,  it  is  about  south-west.  It  retains  this  (general)  south- 

westerly dip  as  far  as  the  Esk,  but  west  of  it  the  dip  becomes  more 
or  less  east  of  south.    At  Annan  it  is  nearly  due  south. 

"No  signs  of  the  Lower  Permian  formations  are  visible  east  of  the Annan  Water.  It  is  somewhat  singular,  however,  that  the  Permian 
rock  between  the  Mth  and  Lochar  Moss,  in  the  neighbourhood  of 
Dumfries,  is  precisely  like  the  Penrith  Sandstone  in  appearance.  It 
is  remarkable  for  the  hardness  and  thickness  of  the  beds  of  breccia 
it  contains.  The  two  great  Permian  sandstones  of  Penrith  and  St. 
Pees  are  so  distinct  in  character,  that  there  is  usually  no  difficulty 
in  distinguishing  them  even  in  hand  specimens. 

Having  traced  the  St.-Bees  Sandstone  around  the  circumference 
of  the  Carlisle  basin,  except  where  prevented  from  doing  so  by  the 
waters  of  the  Solway,  the  overlying  beds  now  demand  attention. 
First  of  these  come  the  Gypseous  Shales  of  Abbey  Town  and  Bow- 
ness.  So  thickly  and  persistently  covered  by  drift  is  the  country 
immediately  around  those  two  places  that  were  the  only  informa- 

tion obtainable  that  to  be  derived  from  natural  sections  the  exis- 
tence of  the  Gypseous  Shales  would  remain  entirely  unknown  ;  nor, 

indeed,  would  there  be  any  reason  to  suppose  the  St.-Bees  Sandstone 
to  be  overlain  in  that  quarter  by  any  thing  but  glacial  drift,  peat, 
and  alluvium. 

Fortunately,  however,  two  borings  come  to  our  aid,  one  of  which 
discloses  the  fact  that  in  the  neighbourhood  of  Abbey  Town  more 
than  700  feet  of  Gypseous  Shales  rest  upon  St.-Bees  Sandstone,  and  . 
are  themselves  covered  by  nearly  200  feet  of  drift.  The  other 
boring  was  made  near  the  west  end  of  Bowness,  at  high-watermark, 
and  proves  the  presence  there  of  367  feet  of  Gypseous  Shales  below 
41  feet  of  drift.  It  is  not  absolutely  certain  that  the  Bowness 
boring  penetrated  to  the  St.-Bees  Sandstone,  though  it  ended  in  red 
stone ;  but  it  is  very  highly  probable  that  such  was  the  case,  St.- 
Bees  stone  being  visible  a  short  distance  to  the  north,  on  the  Scottish 
shore.  At  Bowness,  therefore,  the  outcrop  of  the  Gypseous  Shales 
is  beneath  the  Solway  ;  east  of  Bowness  it  probably  ranges,  under 
water,  in  the  direction  of  Eockcliff  Marsh.  Towards  Silloth,  on  the 
other  hand,  it  is  most  likely  outside  the  present  coast-line,  against 
which  it  may  abut  in  the  neighbourhood  of  Allonby. 

The  southern  outcrop  of  the  Gypseous  Shales  can  only  be  approxi- 
mately traced  across  an  entirely  drift-covered  country  by  the  help 

of  the  most  northerly  exposures  of  St.-Bees  Sandstone.  Its  general 
direction  is  from  Allonby  to  West  Newton,  and  thence  to  Wigton 
and  Dalston. 

East  of  Bowness  and  Abbey  Town,  the  only  evidence  bearing  on  the 
existence  of  the  Gypseous  Shales  is  the  record  of  an  old  boring  near 
Great  Orton,  to  which  I  shall  have  again  to  refer  in  treating  of  the 
Lias.  It  was  made  in  search  of  coal  in  the  year  1781.  Below  rock 
evidently  Liassic  was  "  red  stone  or  clay  sometimes  mixed  with  veins 
of  white."  This  description  fits  the  Gypseous  Shales  very  well,  the 
gypsum  in  them  being  in  the  form  of  thin  laminae,  and  beds  of  any 
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thickness  "being  absent.  On  the  other  hand,  in  no  other  formation 
at  all  likely  to  be  found  underlying  the  Lias  at  Orton  would  "  veins  " 
of  a  white  substance  be  found. 

But  if  the  Gypseous  Shales  are  neither  seen  nor  recorded  as 
having  been  bored  through  east  of  Great  Orton,  it  may  bo  asked 
why  I  have  treated  them  as  older  than  the  formation  which  directly 
overlies  the  St.-Bees  Sandstone  north  and  east  of  Carlisle.  On  this 
point  the  evidence  certainly  leaves  something  to  be  desired,  though 
there  seems  to  me  to  be  no  doubt  on  which  side  the  balance  inclines. 
As  will  shortly  be  seen,  the  bed  in  question  (which  I  have  called 
the  Kirklinton  Sandstone)  rests  unconformably  on  that  of  St.  Bees ; 
while  there  is  neither  evidence  nor  presumption  of  any  kind  in  favour 
of  the  existence  of  unconformity  between  the  St.-Bees  Sandstone 
and  the  Gypseous  Shales.  Again,  the  presence  of  gypsum  is,  so  far 
as  it  goes,  a  presumption  of  Permian  affinities,  gypsum  being  found, 
as  I  have  already  mentioned,  in  the  shales  underlying  the  St.  Bees 
stone,  while  it  is  not  seen  in  any  of  the  higher  beds  of  this  district. 

Leaving  the  almost  sectionless  district  west  of  the  Caldew  and 
Eden  till  the  time  comes  to  treat  of  the  Lias,  it  will  now  be  most 
convenient  to  discuss  the  sections  seen  in  the  first-named  stream 
about  Dalston  and  Cummersdale. 

St.-Bees  Sandstone  is  visible  on  the  Caldew  at  Brackenhow  and 
Buckabank,  and  here  and  there  nearly  as  far  down  the  stream  as 
the  outfall  of  the  Pow  Beck  at  Dalston.  Opposite  Dalston  Hall 
the  trap  dyke,  well  known  at  Barrock  Eell  and  Armathwaite,  is 
slightly  shown  on  the  right  bank,  at  the  spot  at  which  river  and 
railway  begin  to  run  side  by  side.  This  is  the  most  westerly  expo- 

sure of  this  dyke  in  Cumberland ;  but  as  I  am  informed  by  Mr.  J. 
G.  Goodchild  that  there  is  no  ground  for  supposing  (judging  from 
his  knowledge  of  it  in  the  Eden-valley  district)  that  it  is  also  a  fault 
of  any  magnitude,  if  a  fault  at  all,  I  need  say  no  more  about  it 
here. 

A  few  yards  below  the  dyke,  and  on  the  same  bank  of  the  river, 
is  a  low  cliff  of  greyish  sandstone,  and  it  seems  to  me  that  in  this 
grey  rock  we  probably  have  the  uppermost  beds  of  the  St.  Bees.  The 
boring  near  Abbey  Town  shows  that  directly  below  the  Gypseous 
Shales,  and  above  the  typical  St.  -Bees  Sandstone,  are  about  40  feet 
of  sandstone  and  sandy  shale,  mainly  grey  in  colour.  ISTo  sandstone 
like  this  is  seen  higher  up  the  stream,  and  the  rock  next  seen  below 
at  Cummersdale  is  evidently  not  St.-Bees  Sandstone  at  all.  In 
addition,  Itr.  J.  G.  Goodchild  considers  the  beds  at  and  below 
Buckabank  to  be  higher  beds  in  the  St.  Bees  than  any  he  has  seen 
in  the  Eden-valley  district,  where  the  uppermost  are  cut  off  by  the 
Penine  fault. 

The  next  section,  that  adjoining  the  rifle-butts  at  Cummersdale, 
disappoints  any  expectations  that  may  have  been  formed  of  at  last 
seeing  the  Gypseous  Shales.  Strange  to  say,  they  are  nowhere  visible 
at  the  surface.  The  rock  at  the  rifle-butts  is  a  very  soft,  red,  shaly- 
looking  sandstone,  without  any  sign  whatever  of  the  presence  of 
gypsum.    Similar  rock  may  be  seen  here  and  there  in  the  river- 
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"bank,  as  far  down  as  Cummersdale  Print- Works.  It  is,  in  short, 
the  Kirklinton  Sandstone  ;  but  the  dip  at  the  rifle-butts  is  slightly 
west  of  north,  and,  being  towards  the  Caldew,  the  surface  of  the 
low  river-cliff  is  wet  and  slimy,  and  the  characteristic  bright  colour 
and  false  bedding  are  both  obscured.  The  soft  Kirklinton  stone, 
however,  invariably  weathers,  as  at  Cummersdale,  about,  and  for  a 
few  feet  above,  the  surface  of  the  river,  along  whose  course  it  is 
exposed.  A  comparison  of  the  sections  at  Cummersdale  with  those 
about  Kirkandrews-on-Esk  and  elsewhere  will  show  this  very 
clearly.  Fortunately  the  identity  of  the  rock  at  Cummersdale  is 
placed  beyond  dispute  by  the  presence  of  a  small  but  dry  section 
about  100  yards  below  the  rifle-butts.  The  spot  is  marked  by  the 
stump  of  an  old  tree,  at  the  base  of  the  bank  bounding  the  alluvial 
flat  on  the  right  side  of  the  stream.  Here  the  bright  and  almost 
scarlet  colour  and  false  bedding  are  both  mauifest. 

The  question  arises,  in  what  way  the  absence  of  the  Gypseous 
Shales  at  Cummersdale  may  be  best  accounted  for.  There  can  be 
no  doubt  that  they  suffered  very  much  from  denudation  before  the 
deposition  of  the  Kirklinton  Sandstone,  as  their  total  absence  east  of 
Carlisle  bears  witness.  As  regards  the  amount  of  their  extension 
eastward,  there  are  but  two  items  of  evidence.  The  first  is  the  old 
boring  at  Great  Orton,  already  alluded  to,  in  which  132  feet  of  what 
were  probably  Gypseous  Shales  were  pierced  and  (apparently)  their 
base  not  reached.  The  second  is  a  very  recent  boring  at  Justice 
Town  or  Linehow,  about  a  mile  above  the  junction  of  Line  and  Esk. 
This  showed  about  170  feet  of  Kirklinton  stone  resting  directly  on 
that  of  St.  Bees.  These  borings  tend  to  show  that  the  Gypseous 
Shales  cease  to  exist  more  speedily  north  than  south  of  Carlisle.  On 
the  whole,  I  am  inclined  to  think  that  the  Gypseous  Shales  would  be 
visible  at  Cummersdale,  but  for  an  extension  of  the  Brackenbank 
and  Newbiggin  fault.  This,  if  prolonged  westward,  might  very  well 
cross  the  Caldew  between  Dalston  Hall  and  the  rifle-butts,  cutting 
off  the  Gypseous  Shales  and  bringing  in  the  Kirklinton  Sandstone 
on  its  northern  side ;  just  as  further  eastward  we  find  it  bringing 
down  the  St.-Bees  Sandstone  on  its  northern  side  against  the  Lower 
Gypseous  Shales  on  the  south. 

The  Kirklinton  Sandstone  is  best  seen  in  the  parish  from  which 
it  derives  its  name,  and  at  Eockcliff  and  Netherby.  I  have  already 
described  its  appearance  at  Cummersdale.  Descending  the  Caldew 
it  is  again  visible  at  Holmhead  Bridge.  Below  Carlisle  the  upper 
beds  are  well  shown  at  Skew  Bank,  north  of  Grinsdale,  and  lower 
ones  at  Eockcliff.  Ascending  the  Eden  from  Carlisle  it  appears  at 
Eickerby,  in  the  river-bed  at  Low  Crosby,  and  in  the  left  bank  a 
few  yards  N.E.  of  Holmgate.  The  junction  with  the  St.  Bees  stone 
must  be  between  the  last-named  spot  and  the  junction  of  the  Eden 
and  Irthing. 

Between  the  Eden  and  Caldew  the  only  evidence  is  the  following. 
In  the  Petterill  there  is  a  small  section,  showing  rock  like  that  at 
Cummersdale,  a  few  yards  above  the  house  called  Petterill  Bank  ; 
and  the  record  of  a  boring  at  Garlands  Lunatic  Asylum  tells  us  that 
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below  28  feet  of  drift  277  feet  of  red  stone  with  white  bands  were 

pierced,  which  seemed  to  the  borer  to  resemble  "  Lazonby  stone." 
Now  "  Lazonby  stone  "  is,  in  other  words,  Penrith  (the  great  Lower 
Permian)  Sandstone ;  but  it  is  in  the  highest  degree  improbable  that 
Penrith  Sandstone  would  be  found  near  the  surface  at  Garlands, 
the  natural  presumption  being  that  both  St. -Bees  and  Kirklinton 
Sandstones  overlie  it  there.  A  very  simple  explanation,  however, 
suggests  itself.  The  Penrith  and  Kirklinton  Sandstones  resemble 
each  other  very  much  in  colour,  and  equally  differ  in  that  respect 
from  the  St.  Bees.  Both  the  Penrith  and  St.-Bees  Sandstones  are 
largely  quarried — the  former  about  Lazonby  and  Penrith,  the  latter 
near  Curthwaite  and  Aspatria;  but  the  soft  Kirklinton  stone  is 
scarcely  ever  quarried,  and  is  well  shown  only  in  localities  that  are 
but  little  generally  known  or  visited.  Hence  the  testimony  of  the 
borer,  though  decidedly  against  the  supposition  that  the  stone  in  the 
bore-hole  was  St.  Bees,  is  not  really  against  the  view  that  it  was 
Kirklinton  Sandstone,  as  I  have  no  doubt  was  the  case.  Its  outcrop 
hereabouts  will  keep  a  little  east  of  Warwick  and  west  of  Scotby 
and  Carleton,  abutting  against  the  Newbiggin  and  Cummersdale 
fault  in  the  neighbourhood  of  Brisco  Hall. 

The  Kirklinton  Sandstone  is  nowhere  visible  in  the  sectionless 
country  between  the  Eden  and  Hether  Burn ;  but  in  the  latter 
stream  it  may  be  seen  from  Hether-Bank  Bridge  to  its  junction  with 
the  Line.  At  and  above  Hether-Bank  Bridge  are  quarries  in  St.- 
Bees  Sandstone,  the  dip  being  about  south-west.  At  Cliff  Bridge^ 
Kirklinton,  the  Kirklinton  Sandstone  is  extremely  well  displayed, 
and  it  may  be  seen,  on  ascending  the  Line,  as  far  up  as  Shield  Green, 
between  Kirklinton  Hall  and  the  Muckle  Linn.  Between  Shield 
Green  and  Brackenhill  Tower  is  St.-Bees  Sandstone,  and  above 
Brackenhill  Tower  Carboniferous  beds  (mainly  sandstones  and  shales) 
are  brought  in  by  a  fault  which  ranges  nearly  north  and  south,  and 
may  be  seen  crossing  the  river  close  to  the  Tower. 

Between  Shield  Green  and  Kirklinton  Hall  a  bed  appears  in  the 
Kirklinton  Sandstone  much  resembling  that  of  St.  Bees;  and  in  this 
harder  band  are  two  quarries,  one  in  the  northern  corner  of  Hirst 

"Wood,  the  other  on  the  right  bank  of  the  river  at  Stag  Ford.  Prom the  dip,  these  two  quarries  are  in  all  probability  in  the  same  bed, 
and  the  St. -Bees-like  stone  need  not  be  more  than  about  30  feet 
thick. 

There  are  no  signs  of  faults,  and  the  St.-Bees-like  rock  is  evi- 
dently interbedded  with  Kirklinton  Sandstone  of  ordinary  appear- 
ance. This  circumstance  seems  worth  noting  here,  as,  combined  with 

the  want  of  any  evidence  of  unconformity  between  the  two  formations 
at  Shield  Green,  it  tends  towards  a  totally  different  view  from  that 
pointed  at  by  all  the  rest  of  the  evidence  bearing  on  the  relations  of 
these  two  beds. 

Below  Cliff  Bridge  the  Kirklinton  Sandstone  may  be  seen  as  far 
down  as  Metal  Bridge,  a  little  below  the  junction  of  the  Esk  and  Line, 
being  well  shown  at  Westlinton.  (I  have  already  mentioned  the 
boring  at  Justice  Town,  which  showed  170  feet  of  Kirklinton  Sand- 
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stone  above  St.  Bees.)  Ascending  the  Eskit  appears  beneath  Long- 
town  Bridge  and  at  various  spots  in  the  neighbourhood  of  Kirk- 
andrews  Tower  ;  also  about  the  outfall  of  Carwinley  Burn,  and  up 
that  stream  as  high  as  Carwinley  Mill.  At  the  mill  the  junction 
with  the  St.  Bees  is  well  shown.  It  seems  to  me  that  there  is  some 
slight  evidence  of  unconformity  between  them  at  this  point,  West 
of  the  Esk,  Kirklinton  Sandstone  is  seen  in  the  lower  part  of  the 
course  of  the  Glinger  Burn,  and  St.  Bees  nearer  Scots  Dyke.  All 
that  can  be  said  of  its  western  outcrop  is  that  it  must  keep  a  little 
westward  of  the  various  exposures  in  the  Glinger  Burn  and  at  Metal 
Bridge  and  Kockcliff,  and  eastward  of  the  Gypseous  Shales  of  Bow- 
ness.  It  probably  runs  below  the  Lias  in  the  neighbourhood  of 
Kirk  Bampton. 

It  will  be  remembered  that  the  Kirklinton  Sandstone  seen  at 
Cummersdale  was  invariably  red,  like  that  of  Kirklinton  or 
Netherby ;  but  at  Holmhead,  in  higher  beds,  a  borehole  recorded  by 
Mr.  E.  W.  Binney*  pierced  through  108  feet  of  white  sandstone, 
overlying  117  feet  (not  through)  of  red.  At  Carlisle  Gaol  the  bore- 

hole was  through  250  feet  of  red  sandstone ;  while  at  Messrs.  Dixon 

and  Co.'s,  West  Tower  Street,  I  was  informed  by  Mr.  John  Hamil- 
ton that  123  feet  of  white  sandstone  were  penetrated.  Other  ex- 

amples might  be  given.  Lastly,  in  a  boring  at  Stainton,  in  still 
higher  beds,  360  feet  of  white  or  grey  stone  were  proved  above  an 
unknown  thickness  of  red.  Thus  the  Kirklinton  Sandstone  appears 
to  consist  of  a  lower  red,  a  middle  red  and  white,  and  an  upper 
white  series  of  beds. 

The  Stanwix  Marls  probably  nowhere  attain  any  considerable 
thickness.  Their  most  characteristic  colours  are  red  and  greenish 
grey.  They  vary  very  much  in  hardness,  stony  bands  being  much 
more  common  in  some  places  than  others.  They  lie  between  Cliff 
Bridge  on  the  north  and  Carlisle  on  the  south,  Houghton  on  the 
east  and  Beaumont  on  the  west.  They  are  well  shown  on  the  Eden 
in  the  lower  part  of  the  cliff  at  Etterby  Scaur,  from  the  North 
British  railway-bridge  to  Grinsdale,  and  about  Beaumont,  the  sec- 

tions in  the  two  last-named  localities  being  in  the  left  bank  of  the 
river.  On  the  Line  their  junction  with  the  underlying  Kirklinton 
Sandstone  may  be  very  plainly  seen,  both  at  Westlinton  and  near 
Cliff  Bridge.  At  Westlinton  it  appears  in  the  bank  bounding  the 
alluvial  flat,  a  few  yards  east  of  the  bridge,  Nearer  Cliff  Bridge  it 
is  plainly  shown  in  the  little  plantation  bordering  the  alluvium, 
about  midway  between  Cliff  Bridge  and  High  Alstonby.  The  marls 
appear  here  and  there  in  the  little  streams  that  unite  and  fall  into 
the  Line  between  Low  Alstonby  and  Westlinton  ;  they  are  visible 
nearly  as  far  eastward  as  Stonystonerigg. 

Before  taking  leave  of  the  neighbourhood  of  Kirklinton,  which  is, 
as  we  have  seen,  perhaps  supreme  in  geological  interest  among  the 
localities  mentioned  in  this  paper,  I  may  remark  that  the  scenery  of 
the  Line  above  Cliff  Bridge  is  very  picturesque  for  many  miles  and 
very  different  from  that  below  it.  Both  scenery  and  geology,  how- 

*  Mem.  Lit.  &  Phil.  Soc.  Manchester,  ser.  3,  vol.  ii.  pp.  343-388. 
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ever,  have  hitherto  been  entirely  ignored  by  writers  on  the  geology 
of  North  Cumberland,  as  well  as  by  the  authors  of  guide-books; 
for,  though  Cliff  Bridge  itself  is  only  about  two  and  a  half  miles 
from  Longtown  or  Lyneside  stations,  trains  stopping  at  those  places 
are  few  and  far  between,  and  every  mile  higher  up  the  Line  increases 
the  distance  from  the  railway  by  that  amount ;  while  eastward  lies 
the  lone  bare  district  of  Newcastle,  destitute  alike  of  railways  and 
inns. 

The  extent  of  the  area  covered  by  the  marls,  south  of  the  Eden, 
is  doubtful,  but  the  evidence  available  tends  to  show  that  it  is  very 
small.  Though  they  form  the  lower  part  of  the  cliff  at  Etterby 
Scaur,  the  three  new  railway-bridges  across  the  Caldew,  the  lowest 
of  which  is  close  to  the  junction  of  the  North-British  and  Caledonian 
Railways,  are  all  founded  on  the  underlying  sandstone,  the  marls 
not  having  been  met  with  at  all ;  and  they  were  absent  in  the  wells 

at  Messrs.  Can's,  Caldewgate,  and  Messrs.  Dixon's,  West  Tower 
Street :  also  in  that  at  the  Gaol.  On  the  other  hand,  I  saw  them 
in  an  excavation  at  the  foot  of  Gaol  Brow,  on  the  north  side  of  the 
Gaol,  and  have  observed  traces  of  them  at  the  bottom  of  deep  drains 
in  Bank  Street,  Lowther  Street,  and  opposite  Cavendish  Place  in 
the  Warwick  Boad  ;  but  their  thickness  hereabouts,  where  they 
exist,  must  be  very  trifling. 

West  of  the  Caldew  the  evidence  is  much  scantier.  In  addition 

to  the  well  at  Messrs.  Can's,  already  mentioned,  Mr.  E.  W.  Binney 
records  (in  the  paper  before  quoted)  that  at  the  pumping- engine  for 
the  canal  by  Edenside,  immediately  above  the  red  and  variegated 
marls,  there  was  a  section  in  the  pump- well  which  distinctly  showed 
the  marls  at  the  top  gradually  passing  down  into  the  red  sandstone 
below.  Again,  at  Stainton,  on  the  north  side  of  the  Eden,  between 
Carlisle  and  Grinsdale,  a  boring  showed  them  to  be  only  23  feet 
thick.  In  the  Eden,  south  of  Stainton,  the  beds  are  lying  nearly 
flat,  except  near  the  North-British  railway-bridge,  where  north- 

easterly and  north-westerly  dips  occur.  There  is  no  evidence  as  to 
their  thickness  near  Beaumont. 

The  above  facts,  when  combined  with  the  great  change  in  direc- 
tion of  the  outcrop  of  the  marls  between  Bickerby  and  Caldewgate, 

from  about  N.N.E.  and  S.S.W.  at  the  former,  to  nearly  east  and 
west  at  the  latter  place,  seem  to  point  to  their  very  slight  extension 
below  the  Lias.  Most  of  the  Lias  probably  rests,  therefore,  on  the 
Gypseous  Shales  west  of  Great  Orton,  and  on  the  Kirklinton  Sand- 

stone east  of  that  village,  the  Stanwix  Marls  underlying  the  Lias 
only  in  the  neighbourhood  of  Bellevue. 

Fresh  borings  for  coal  in  the  Lias  district  not  being  probable,  the 
existence  of  Bhsetic  beds  is  likely  to  remain  an  open  question.  No 
evidence  of  them  has  yet  been  discovered,  all  fossils  hitherto  found 
having  been  determined  by  Mr.  Etheridge  (our  President)  to  be 
Lower  Lias  ;  but  so  drift- covered  is  the  country,  and  so  few  and  small 
are  the  sections,  that  negative  evidence  must  go  for  very  little  in 
settling  the  question.  The  Lias  country  is  purely  agricultural,  and 
wells  sunk  for  the  supply  of  farm  and  other  houses  are  usually  only 

Q.  J.  G.  S.  No.  146.  x 
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from  15  to  20  feet  deep,  or  perhaps  half  the  average  thickness  of  the 
Glacial  drift.  Indeed  a  well-sinker,  living  near  the  southern  border 
of  the  Lias*,  informed  me,  mistaking  the  motive  of  my  inquiry, 
that  I  need  not  be  afraid  of  meeting  with  any  rock  below  the  drift 
in  the  locality  around  his  home,  as  he  had  sunk  at  various  places  he 
mentioned  to  depths  of  20,  30,  or  40  feet  without  penetrating  any 
thing  but  sand,  gravel,  or  clay  ;  for  instances  in  which  water, 
attained  on  reaching  a  clayey  stratum  of  drift,  has  been  lost  on 
touching  porous  sandstone  below,  have  made  well- sinkers  very  care- 

ful not  to  go  a  single  foot  lower  than  is  absolutely  necessary  in  the 
case  of  ordinary  dwellings. 

The  Lias  area  has,  during  the  last  250  years,  been  much  explored 
in  search  of  evidence  of  coal.  It  will  not  seem  strange  that  such 
has  been  the  case,  when  it  is  remembered  that  the  dark  shale  form- 

ing so  large  a  proportion  of  the  rock  visible  would  naturally  seem 
identical  with  the  dark  shale  of  the  Coal-measures,  and  a  striking 
contrast  to  the  red  Permian  and  Triassic  beds  around.  The  non- 
Carboniferous,  and  probably  Liassic,  nature  of  the  formation  was 
first  discovered  by  Mr.  E.  B.  Brockbankf,  who,  on  finding  Ammo- 

nites and  other  fossils  in  Thornby  Brook,  sent  them  to  Mr.  E.  W. 
Binney,  who  pronounced  them  to  be  Liassic.  Mr.  Binney  after- 

wards visited  the  district  and  recorded  the  result  in  a  paper  read 
before  this  Society^.  I  have  since  discovered  but  one  section  not 
described  therein,  in  a  brook  between  Great  Orton  and  Plat.  It  is 
composed  of  dark  shale  with  limestone  bands.  Ammonites  John- 
stoni  was  found  there,  as  also  in  Thornby  Brook  and  at  Quarry  Gill, 

near  Aikton.  By  Mr.  E.  B.  Brockbank's  assistance  I  was  enabled 
to  obtain  evidence  of  the  thickness  attained  by  the  Lias  between 
Great  Orton  and  Plat,  a  spot  nearly  at  its  centre.  A  document,  from 
which  I  have  already  quoted,  which  has  been  preserved  by  the  Stordy 
family  of  Great  Orton,  gives  the  following  details,  according  to  a 
copy  of  it  kindly  made  for  me  by  Mrs.  Hannah  Pearson,  of  Station 

Hill,  "Wigton.  In  the  year  1781  a  boring  was  made  by  JohnBrisco, 
of  Crofton,  in  John  Stordy 's  Gill  close.  A  blue  stone  was  found 
18  feet  from  the  surface,  and  "  different  stone,  mostly  bluish,"  till 
they  arrived  at  a  depth  of  228  feet.  Then  they  pierced  the  "red 
stone  or  clay,  sometimes  mixed  with  veins  of  white  "  (which  I  sup- 

pose to  be  the  Gypseous  Shales),  till  they  came  to  a  depth  of 
360  feet. 

The  Lias  area  forms  a  plateau,  with  a  slightly  greater  general 
elevation  than  is  attained  immediately  outside  it.  This  plateau-like 
character  is  better  marked  in  the  country  between  Aikton  and  Great 
Orton  than  eastward  of  the  latter  place.  No  person  standing  about 

"Wiggonby,  near  the  southern  border  of  the  Lias,  can  fail  to  notice  the 
difference  between  the  flat-topped  plateau  northward  and  the  rolling 
drift-ridges  to  the  south.  But  though  this  change  of  feature  makes 
it  possible  to  map  the  Lias  boundaries  with  some  approach  to  a 

.  *  Andrew  Miller,  Nealhouse. 
t  Of  Moor  Park,  Crosby,  near  Maryport. 
|  Quart.  Journ.  Geol.  Soc.  vol.  xv.  p.  549. 
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fairly  good  general  line,  the  persistently  drift-covered  surface 
prevents  any  thing  like  precision. 

In  conclusion,  I  will  briefly  pass  in  review  the  leading  points 
bearing  on  the  relations  of  the  beds  described  to  each  other,  which 
are  illustrated  in  the  diagram  sections  (figs.  1-3,  p.  296). 

The  St.-Bees  Sandstone  has  been  shown  to  surround  the  overlying 
beds,  its  general  dip  varying  from  north  to  a  few  degrees  north  of 
west,  between  Maryport  and  the  Eden.  In  the  Hether  Burn,  Line, 
and  Carwinley  Burn  its  general  dip  is  more  or  less  south  of  west ; 
and  west  of  the  Esk  it  varies  between  south-east  and  south.  There 
can  be  no  doubt  that  the  St.-Bees  Sandstone  is  the  lowest  bed  of  a 
true  basin,  the  western  limits  of  which  are  now  below  the  Solway. 

Then,  first  of  the  overlying  beds  come  the  Gypseous  Shales,  which, 
strange  to  say,  are  nowhere  exposed  to  view,  but  are  known  on  the 
evidence  of  the  boreholes  at  Abbey  Town  and  Bowness,  and,  perhaps 
I  may  add,  that  at  Great  Orton.  Their  invisibility  is  mainly  caused 
by  the  special  thickness  and  persistence  of  the  drift  over  the  ground 
they  occupy,  but  also,  at  Cummersdale,  to  the  probable  interposi- 

tion of  a  great  fault.  There  is  no  evidence  of  any  kind  suggesting 
unconformity  between  the  Gypseous  Shales  and  the  St.-Bees  Sand- 

stone; and,  on  the  other  hand,  as  Gypseous  Shales  underlie  the 
St.-Bees  Sandstone  near  Carlisle,  gypsum  is  evidently  hereabouts  a 
Permian  characteristic.  I  have  accordingly  classed  the  Gypseous 
Shales  as  Permian. 

The  Kirklinton  Sandstone,  however,  appears  to  rest  unconform- 
ably  on  the  Gypseous  Shales  to  the  west,  and  on  St.-Bees  Sandstone 
to  the  east  and  north-east  of  Carlisle.  But  not  only  do  the  Gypseous 
Shales  disappear  towards  the  north-east,  but  the  greater  part  of  the 
St.-Bees  Sandstone  is  also  missing.  Six  or  seven  miles  south-east 
of  Carlisle  the  thickness  of  the  St.-Bees  Sandstone  is  estimated  by 
Mr.  J.  G.  Goodchild  at  from  1500  to  2000  feet ;  but  in  the  Hether 
Burn  there  can  hardly  be  more  than  800  feet  of  Permian  rock,  from 
the  breccia  at  its  base  to  the  outcrop  of  the  Kirklinton  stone  below 
Hether-Bank  Bridge  ;  and  in  Carwinley  Burn,  between  the  breccia 
at  the  base  of  the  Permian  formation  and  the  outcrop  of  Kirklinton 
stone  at  Carwinley  Mill,  there  cannot  be  more  than  250  feet  of  rock. 
In  both  these  burns  there  is  an  almost  continuous  series  of  sections, 
and  there  are  no  signs  of  faults.  Both  about  Brampton  on  the  one 
hand  and  west  of  the  Esk  on  the  other  the  thickness  of  the  St.-Bees 
Sandstone  must  be  very  much  greater.  Two  outliers  of  Kirklinton 
Sandstone  exist — one  at  Canobie,  opposite  the  church,  resting  on 
Carboniferous  rock ;  the  other  on  the  Cambeck  near  Walton,  resting 
on  St.-Bees  Sandstone.  Thus  the  band  of  St.  Bees-like  rock  seen  in 
the  Kirklinton  Sandstone  on  the  Line  goes  for  nothing  when  the 
whole  of  the  evidence  is  considered,  important  as  it  would  be  did  it 
stand  alone.  In  consequence  of  this  decided  unconformity  to  the 
beds  below,  I  have,  classed  the  Kirklinton  Sandstone  as  Bunter. 

It  is  evident  that  the  Stanwix  Marls,  in  their  turn,  repose  uncon- 
formably  on  the  Kirklinton  sandstone  ;  for  while  at  Cliff  Bridge  and 
Westlinton  they  rest  upon  the  lower  red  beds,  at  Stainton  and 

x2 
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Grinsdale  they  lie  upon  the  upper  white  ones.  In  consequence  of 
this-  decided  unconformity  the  Stanwix  Marls  are  here  classed  as 
Keuper. 

And  there  seems  to  me  to  be  little  doubt  that  the  Lias,  in  its  turn, 
rests  unconformably  on  formations  all  of  which  are  unconformable 
to  each  other — the  Gypseous  Shales,  the  Kirklinton  Sandstone,  and 
the  Stanwix  Marls.  But  as  in  this  case  it  is  barely  possible,  though 
not,  I  think,  probable,  that  the  Stanwix  Marls  may  overlap  the  two 
lower  formations  and  underlie  the  Lias  throughout  its  area,  the 
possibility  seems  worth  mentioning. 

In  this  paper  such  facts  only  have  been  brought  forward  as 
seemed  necessary  to  establish  the  true  relations  of  the  various  for- 

mations to  each  other,  fuller  details  being  reserved  for  a  forthcoming 
memoir. 

Note  on  the  Lias.    April  25,  1881. 

Since  writing  my  paper,  my  attention  was  called  by  my  friend 
Mr.  H.  B.  Woodward  to  a  passage  in  a  paper  by  Rev.  J.  E.  Cross 

"  On  the  Geology  of  North-west  Lincolnshire  "  (Quart.  Journ.  Geol. 
Soc.  vol.  xxxi.  p.  116).  Mr.  Cross  remarks  that  in  the  neighbourhood 
of  Appleby  he  has  not  been  able  to  detect  any  Rhsetic  fossils,  though 
he  has  searched  diligently  for  them.  He  says,  "  the  first  strata 
next  above  the  Keuper  are  those  which  contain  Ammonites  angulatus 

and  A.  Johnstoni"  He  also  remarks  that  A.  angulatus  has  the 
greater  range,  and  extends  throughout  a  zone  of  150  feet  or 
more. 

In  Cumberland  A.Johnstoni  must  have  a  range  fully  equal  to  that 
of  A.  angulatus  in  North-west  Lincolnshire. 

In  a  letter  received  from  Mr.  Cross,  dated  February  22nd,  1881, 
he  states  that  he  has  not  since  detected  any  Rhsetic  fossils  in  the 
above-mentioned  locality,  but  that,  as  they  may  be  seen  both  near 
Gainsborough  on  the  south  and  across  the  Humber  on  the  north,  it 
is  very  possible  that  they  nevertheless  exist  there.  He  also  remarks 
that  as  UA.  angulatus  is  one  of  the  most  persistent  of  Ammonites  in 
its  own  place,  and  A.  Johnstoni,  whenever  it  appears,  ranges  from 
the  middle  of  the  A.-angulatus-heds  to  strata  below  those  in  which 
A.  angulatus  is  ever  seen,  I  think  if  you  find  A.  Johnstoni  and  do 
not  find  A.  angulatus,  you  must  be  below  the  A.-angulatus-be&s 
altogether." 

Prof.  J.  W.  Judd,  in  his  paper  on  "  The  Secondary  Rocks  of  Scot- 
land "  (Quart.  Journ.  Geol.  Soc.  vol.  xxxiv.  p.  697),  remarks  that  the 

zone  of  Avicula  contorta  does  not  appear  to  be  distinctly  developed 
in  the  West  Highlands,  while  the  Infralias  (Planorbis-  and  Angulatus- 
zones)  attains  a  thickness  of  from  150  to  200  feet. 

EXPLANATION  OF  PLATE  XL 

Sketch  Map  showing  the  rocks  of  thp  Carlisle  basin:  scale  4  miles  to  1  inch. 
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Discussion. 

Mr.  Bauerman,  having  experienced  the  extreme  difficulty  of 
understanding  the  rocks  of  this  district  from  the  obscurity  of  the 
evidence,  bore  testimony  to  the  great  care  and  skill  with  which 
the  author  had  worked  out  such  an  unpromising  subject. 

Prof.  Judd  remarked  upon  the  great  interest  attachiug  to  the 
outlying  patch  of  Lias  near  Carlisle.  The  author  had  now,  for  the 
first  time,  made  us  acquainted  with  the  thickness  of  these  Lias 
strata,  and  proved  that  it  exceeded  200  feet.  So  far  as  the  evidence 
went,  they  belong  entirely  to  the  Infralias,  and  the  same  member 
of  the  Lias  was  also  abnormally  thick  on  the  west  coast  of  Scotland. 
The  numerous  unconformities  pointed  out  by  the  author  as  existing 
among  the  red  rocks  below  seemed  to  show  that  but  little  value 
should  be  attached  to  such  local  unconformities  in  classifying  the 
strata. 

Mr.  Whttaker  said  that  his  colleague  Mr.  H.  B.  Woodward  pro- 
posed to  group  the  whole  of  these  red  rocks  under  the  comprehensive 

term  Poikilitic,  and  thought  that  the  Rhsetic  beds  are  most  likely 
present  in  the  area,  although  not  seen.  He  spoke  of  the  unsafe 
character  of  the  colour-test  in  classifying  rocks. 

Rev.  J.  P.  Blaeh  asked  as  to  the  evidence  of  the  existence  of  as 
much  as  200  feet  of  Lias  beds  belonging  entirely  to  the  lowest  part 
of  the  series,  and  as  to  the  proofs  of  the  existence  of  an  uncon- 

formity between  the  Stanwix  Marls  and  the  Lias. 
Prof.  T.  Rupert  Jones  protested,  with  reference  to  the  use  of  the 

word  "  Poikilitic,"  used  by  preceding  speakers  indicative  of  anti- 
Permian  views,  that  there  had  been  good  grounds  for  John  Phillips 
and  others  to  determine  and  establish  the  Permian  Series,  and  that 
there  were  no  good  grounds  for  its  being  again  amalgamated  with 
the  overlying  series. 

The  President  said  that  no  evidence  of  the  occurrence  of  Rhastic 
fossils  in  the  area  had  ever  been  found,  but  that  possibly  the 
Stanwix  Marls  might  have  to  be  classed  with  the  Rhastic  Tea- 
green  Marls  of  the  Bristol  area.  The  Lias  of  Adderley  was  let  down 
by  means  of  great  faults  below  the  level  of  the  Keuper  marls. 

The  Author  said  that  he  advanced  his  classification  as  a  purely 
provisional  one.  He  did  not  think  it  probable,  though  it  is  barely 
possible,  that  the  Stanwix  Marls  underlie  the  Lias.  In  classing 
certain  of  these  beds  as  Permian,  Bimter,  or  Keuper,  the  author 
chiefly  desired  to  mark  their  relative  positions  and  affinities,  the 
latter  being  determined  by  the  existence  or  non-existence  of  un- 

conformities between  them. 
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23.  Notes  on  New  Erian  (Devonian)  Plants.  By  J.  W.  Dawson, 

LL.D.,  F.RS.,  E.G.S.,  Principal  of  HcGill  College,  Montreal. 
(Read  June  23,  1880.) 

[Plates  XII.  &  XIII.] 

The  principal  purpose  of  the  present  paper  is  to  add  a  few  new  facts 
to  our  knowledge  of  the  Precarboniferous  flora  of  Eastern  America. 
Since  the  publication,  in  the  Journal  of  this  Society,  of  my  paper, 
"  Eurther  Observations  on  the  Devonian  Plants  of  Maine,  daspe, 
and  New  York"  (1863),  and  that  on  "Eossil  Eerns  of  the  Devo- 

nian" (1871),  a  large  addition  was  made  to  the  knowledge  both  of 
the  species  of  plants  and  of  the  general  character  and  conditions  of 
Devonian  and  Upper  Silurian  vegetation  in  my  "  Report  on  the 
Devonian  and  Upper  Silurian  Plants  of  Canada"*.  In  a  subsequent 
report  on  the  "Plants  of  the  Lower  Carboniferous  and  Millstone 
Griff,  I  endeavoured,  by  the  aid  of  the  American  formations,  to 
remove  the  perplexities  that  had  been  caused  by  the  disputes  re- 

specting the  age  of  the  Kiltorcan  beds  in  Ireland  and  the  so-called 
"  Ursa-stage  "  of  Bear  Island,  difficulties  which,  however,  still  appear 
to  constitute  subjects  of  discussion. 

In  1878  I  contributed  a  paper  to  the  Geological  Society  of  Edin- 
burgh, entitled  "  Notes  on  Scottish  Devonian  Plants,"  comparing 

these  plants  with  those  of  America,  and  at  the  same  time  establish- 
ing the  genus  Ptilophytonr  for  those  remarkable  pinnately-leaved 

Lycopodiaceous  plants  of  which  Lycopodites  Vannxemii  of  the  De- 
vonian of  New  York  and  L.  plumula  of  the  Lower  Carboniferous  of 

Nova  Scotia  are  types,  and  of  which  Pt.  Thomsoni  is  a  Scottish  re- 
presentative described  in  the  paper  above  referred  to. 

Since  the  publication  of  these  reports  and  papers  several  interest- 
ing new  forms  have  come  into  my  hands  from  the  Devonian  or  Erian 

of  North  America,  to  which  I  shall  add  two  new  species,  one  from 
Scotland  and  one  from  Australia,  kindly  communicated  to  me  by 
friends  in  those  countries. 

Plants  from  the  Erian  {Devonian)  of  New  Yorlc. 

1.  Asteropteris  noveboracensis,  gen.  &  sp.  n.    (PI.  XII.  figs.  1-9.) 
The  genus  Asteropteris  is  established  for  stems  of  Eerns  having  the 

axial  portion  composed  of  vertical  radiating  plates  of  scalariform 
tissue  imbedded  in  parenchyma,  and  having  the  outer  cylinder  com- 

posed of  elongated  cells  traversed  by  leaf-bundles  of  the  type  of 
those  of  Zygopteris. 

*  Geol.  Survey  of  Canada,  1871,  pp.  100,  20  plates, 
t  Ibid.  1873,  pp.  47,  10  plates. 
j  Ptilophyton  may  perhaps  be  considered  too  near  to  Psilojphyton,  but  the 

sound  of  the  names  is  quite  different.  In  a  recent  Report  of  the  Regents  of 
New  York,  Hall  has  stated  his  belief  that  Pt.  Vanuxemii  is  not  a  plant  but  a 
zoophyte.  He  does  not  fully  state  the  reasons  for  this  conclusion  ;  but  should 
this  view  be  established  with  regard  to  this  species,  then  Goppert's  Lycopodites jpenncBformis  or  my  L.  plumula  may  serve  as  the  type  of  the  genus. 
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The  only  species  known  to  me  is  represented  by  a  stem  2-5  cen- 
timetres in  diameter,  slightly  wrinkled  and  pitted  externally,  per- 

haps by  traces  of  aerial  roots  which  have  perished.  The  transverse 

section  shows  in  the  centre  fonr  vertical  plates  of  scalarit'orm  or 
imperfectly  reticulated  tissue,  placed  at  right  angles  to  each  other, 
and  united  in  the  middle  of  the  stem  (figs.  1-4).  At  a  short  distance 
from  the  centre,  each  of  these  plates  divides  into  two  or  three,  so  as  to 
form  an  axis  of  from  ten  to  twelve  radiating  plates,  with  remains  of 
cellular  tissue  filling  the  angular  interspaces  (fig.  3,  h).  The  greatest 
diameter  of  this  axis  is  about  1*5  centimetre.  Exterior  to  the  axis 
the  stem  consists  of  elongated  cells  (fig.  7),  with  somewhat  thick 
walls,  and  more  dense  towards  the  circumference.  The  walls  of  these 
cells  present  a  curious  reticulated  appearance,  apparently  caused  by 
the  cracking  of  the  ligneous  lining  in  consequence  of  contraction  in 
the  process  of  carbonization.  Imbedded  in  this  outer  cylinder  are 
about  twelve  vascular  bundles  (figs.  2,  3,  d),  each  with  a  dumb-bell- 
shaped  bundle  of  scalariform  vessels  enclosed  in  a  sheath  of  thick- 
walled  fibres.  Each  bundle  is  opposite  to  one  of  the  rays  of  the 
central  axis.  The  specimen  shows  about  two  inches  of  the  length  of 
the  stem,  and  is  somewhat  bent,  apparently  by  pressure,  at  one  end. 

This  stem  is  evidently  that  of  a  small  tree-fern  of  a  type,  so  far 
as  known  to  me,  not  heretofore  described  *,  and  constituting  a  very 
complex  and  symmetrical  form  of  the  group  of  Palaeozoic  Eerns 
allied  to  the  genus  Zygopteris  of  Schimper.  The  central  axis 
alone  has  a  curious  resemblance  to  the  peculiar  stem  described  by 

Unger  (*  Devonian  Elora  of  Thuiingia')  under  the  name  of  Cladoxylon 
mirabile;  and  it  is  just  possible  that  this  latter  stem  may  be  the  axis 
of  some  allied  plant.  The  large  aerial  roots  of  some  modern  tree- 
ferns  of  the  genus  Angiopteris  have,  however,  an  analogous  radiating 
structure. 

The  specimen  is  from  the  collection  of  Berlin  TL  Wright,  Esq., 
of  Penn  Yan,  New  York,  and  was  found  in  the  Portage  group 
(Upper  Erian)  of  Milo,  New  York,  where  it  was  associated  with 
large  petioles  of  ferns  and  trunks  of  Lepidodendra,  probably  L. 
chemungense  and  L.  primoevum. 

In  previous  communications  to  the  Society  I  have  described  three 
species  of  tree-ferns  from  the  Upper  and  Lower  Devonian  of  New 
York  and  Ohio  ;  and  this  species  is  from  an  intermediate  horizon. 
All  four  occur  in  marine  beds,  and  were,  no  doubt,  drift-trunks  from 
the  fern-clad  islands  of  the  Devonian  sea.  The  occurrence  of  these 

stems  in  marine  beds  has  recently  been  illustrated  by  the  observa- 
tion of  Prof.  A.  Agassiz,  that  considerable  quantities  of  vegetable 

matter  can  be  dredged  from  great  depths  in  the  sea  on  the  leeward 
side  of  the  Caribbean  Islands.  The  occurrence  of  these  trunks 
further  connects  itself  with  the  great  abundance  of  large  petioles 
(Rhachiopteris)  in  the  same  beds,  while  the  rarity  of  well-preserved 
fronds  is  explained  by  the  coarseness  of  the  beds  and  also  by  the 
probably  long  maceration  of  the  plant-remains  in  the  sea-water. 

*  Prof.  Williamson,  to  whom  I  have  sent  a  tracing  of  the  structure,  agrees with  me  that  it  is  new. 
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2.  Eqtjisetldes Weightiana, sp. n.  (PL XII.  fig.  10&P1.  XIII.fig.20.) 
This  is  a  specimen  in  the  same  collection  with  the  above.    It  is 

a  cast  in  sandstone,  6  centimetres  in  diameter,  with  nodes  from  4  to  5 
centimetres  apart.  The  surface  has  a  slight  carbonaceous  coating 
and  is  finely  tuberculated,  the  tubercles  being  very  regularly 
arranged,  and  representing  the  bases  of  very  short  hairs  or  bristles, 
which  are  seen  entering  the  surrounding  matrix.  Impressions 
above  the  joints  appear  to  indicate  sheaths,  each  of  about  twelve 
broad  leaves,  which  are  abruptly  narrowed  and  acuminate  at  the  top, 
and  show  an  indication  of  a  median  nerve  or  rib  (fig.  10).  The  leaves 
of  the  sheaths  are  1  centimetre  broad  and  1*7  centimetre  long.  It 
would  be  possible,  however,  to  interpret  these  supposed  sheaths  as 
due  to  mere  plications  or  foldings  of  the  epidermis  ;  and  in  this  case 
the  plant  may  have  borne  verticils  of  leaves,  of  which  these  sup- 

posed sheaths  may  be  merely  the  remains.  The  first  explanation, 
however,  appears  more  probable ;  and,  if  it  is  correct,  the  plant  is  a 
true  Equisetides,  and  the  present  specimen  is  the  first  occurrence  of 
this  genus  in  beds  older  than  the  Carboniferous.  It  is  to  be  observed, 
however,  that  \Jnger  has  described  from  the  Cypridina-slates  of 
Thuringia  plants  of  the  genera  Ealymma  and  Asteropliyllites  (A. 
coronata)  with  sheaths  at  the  nodes ;  and  my  A.  scutigera,  from  St. 

John's,  has  verticils  of  scales  at  the  joints,  which  may  represent 
sheaths.  The  present  species  has  a  remarkable  resemblance  in  its 
markings  and  the  form  of  its  sheaths  to  a  greatly  magnified  stem  of 
the  modern  Equisetum  Jiiiviatile,  except  that  the  leaves  of  the  sheaths 
are  shorter. 

The  species  is  named  in  honour  of  its  discoverer.  Its  essential 
characters  will  be  as  follows  : — 

Stem  stout,  cylindrical  or  broadly  ribbed,  surface  marked  with 
short  hairs  or  tubercles  regularly  arranged.  Sheaths  at  the  joints, 
of  about  twelve  leaves,  of  the  general  form  of  those  of  Equisetum 

fluviatile. 
The  specimen  is  from  the  Portage  group  (Upper  Erian)  of  Italy, 

New  York. 

3.  Cyclostigma  aefine,  sp.  n.    (PI.  XII.  figs.  11  &  12.) 

Stem  marked  with  alternate  circular  leaf-bases  or  areoles,  slightly 
prominent  below,  evanescent  above,  and  each  with  a  circular  dot  or 
vascular  mark.  Scars  scarcely  two  millimetres  in  diameter,  and 
separated  by  finely  corrugated  bark,  about  twice  their  diameter 
apart.  These  markings  occur  on  a  stem  about  an  inch  in  diameter. 
The  Knorria,  or  decorticated  form  of  this  plant,  presents  irregular 
waving  ridges,  produced  by  the  longitudinal  confluence  of  the  oblique 
vascular  bundles. 

This  plant  is  the  nearest  approach  to  the  well-known  C.  TciltorTcense 
of  Ireland  hitherto  found  in  America.  It  differs  chiefly  in  the  more 
closely  placed  areoles.  It  was  collected  by  Mr.  Wright,  and  is  from 
the  Chemung  (Upper  Erian)  of  Italy,  New  York.  The  study  of  this 
plant  has  led  me  to  the  belief  that  Stigmaria  eocigua  of  my  Report 
of  1871  may,  when  better  known,  prove  to  be  a  new  species,  allied 
to  the  present,  and  a  member  of  the  genus  Cyclostigma. 
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4.  Lepidodendeon  peim^vttm,  "Rogers.    (PL  XII.  fig.  13.) 

Mr.  Wright's  collection  contains  fragments  of  a  Lepidodendron 
from  Milo,  New  York,  which  seems  to  belong  to  the  species  above 
named,  but  presents  the  curious  peculiarity  of  having  the  leaf-bases 
depressed  instead  of  being  prominent.  This  may  result  either  from 
some  peculiarity  of  pressure  or  from  the  leaf-bases  being  deciduous 
and  leaving  depressed  scars  when  removed.  In  either  case  these 
specimens  illustrate  this  peculiarity  as  seen  in  the  Lower  Silurian 
Glyptodendron  of  Claypole,  which  may  possibly  have  had  decorti- 

cated leaf-bases.  Specimens  of  this  kind,  of  course,  retain  no  distinct 
vascular  marks,  and  the  impression  on  the  matrix  resembles  those 
decorticated  Lepidodendra  of  the  Coal-formation  which  used  to  be 
named  Lyginodendron,  but  which,  in  Nova  Scotia  at  least,  usually 
belong  to  the  species  Lepidodendron  rimosum. 

5.  Cellttloxylon  peim^vtth,  gen.  &  sp.  n. 

A  silicified  trunk,  showing  in  cross  section  large  and  somewhat 
unequal  hexagonal  cells,  with  an  appearance  of  lines  of  growth 
caused  by  concentric  bands  of  smaller  cells.  No  medullary  rays. 
The  longitudinal  section  shows  either  cells  superimposed  in  vertical 
rows,  or  a  sort  of  banded  prosenchymatous  tissue;  but  the  structure 
is  much  masked  by  the  crystallization  of  the  quartz. 

This  specimen  is  from  the  collection  of  Prof.  J.  M.  Clarke,  of  Am- 
herst, Massachusetts,  and  was  obtained  from  the  Hamilton  (Middle 

Erian)  of  Canandargua,  New  York.  It  was  undoubtedly  a  woody 
stem  and  not  an  Alga ;  but  its  structure  is  even  less  specialized  than 
that  of  Prototaocites,  from  which  it  differs  in  the  want  of  medullary 
rays,  and  in  its  less  distinctly  elongated  wood-cells  without  spiral 
markings.  It  has  some  resemblance  to  Aphyllum  paradoxum  of 
Unger,  but  is  more  uniform  in  its  structure.  It  adds  another  to 
those  mysterious  woody  stems  of  doubtful  affinities  which,  in  the 
Devonian  or  Erian  of  both  sides  of  the  Atlantic,  represent  the 
Taxinese  and  Conifers  of  later  formations. 

Additional  specimens  received  from  Prof.  Clarke  show  that  the 
appearance  of  rings  of  growth  is  caused  by  large  cells  disposed  in 
concentric  narrow  bands  between  the  wider  bands  of  fine  fibrous 
tissue.  In  the  longitudinal  section  these  bands  of  large  cells  appear 
to  be  parenchymatous  and  not  vascular.  There  are  no  medullary 
rays,  but  rounded  patches  of  cellular  tissue  appear  here  and  there 
in  the  fibrous  layers.  The  structure  is  thus  very  peculiar,  and  ap- 

pears to  have  been  the  result  of  a  kind  of  exogenous  growth,  in  which 
coarse  parenchymatous  layers  were  deposited  between  the  periodical 
rings  of  the  stem,  reminding  one  of  the  bark-like  layers  interposed 
between  the  growth-rings  in  Gnetum  and  in  some  tropical  climbers. 
The  stem  of  the  present  plant  was,  however,  in  all  probability,  of 
much  more  simple  character,  though  woody  and  capable  of  resisting 
pressure.  It  is  to  be  observed  also  that  the  specimens  neither  show 
the  structure  of  the  pith  or  bark,  and  that  the  finer  structures  of 
the  tissues  preserved  must  have  been  partially  obliterated  by  the 
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granular  crystallization  of  the  quartz  with  which  the  specimen  is 
mineralized. 

Miscellaneous  Specimens  from  New  YorTc. 
Numerous  large  petioles  of  Perns  occur  in  collections  sent  to  me 

by  Mr.  Wright  and  Dr.  Parker  of  Ithaca,  New  York.  J3eing  desti- 
tute of  the  fronds,  it  seems  unnecessary  to  describe  them  more 

particularly ;  but  they  indicate  the  possibility  that  the  Erian  of  New 
York  may  yet  afford  a  rich  Pern-flora  comparable  with  that  of  St. 
John,  New  Brunswick.  In  collections  made  by  Mr.  Wright  are 
also  specimens  of  those  singular  plants,  supposed  to  be  Algae, 
which  Hall  has  named  Dictyophyton.  A  very  fine  specimen  of  one 
of  the  species  was  figured  in  my  paper  of  1863,  under  the  name 
Uphantamia  chemungensis,  originally  bestowed  on  one  of  the  species 
by  Yanuxem,  but  which  is  rejected  by  Hall  in  favour  of  the  generic 
name  above  given.  The  specimens  sent  by  Mr.  Wright  do  not  give 
any  additional  information  as  to  the  mode  of  growth  of  these  curious 
forms ;  but  he  has  found  in  the  Hamilton  formation,  not  previously 
known  to  contain  these  plants,  a  species  probably  distinct  from 
those  described  by  Hall,  and  which  may  be  named  D.  hamiltonense ; 
though  if  these  plants  were  really  Algae,  the  supposed  species 
may  be  nothing  more  than  varietal  forms  or  stages  of  growth. 

The  specimens  referred  to  are  unequally  turbinate  or  unequally 
conical  in  form,  rapidly  expanding  from  the  base,  and  marked  with 
sharp  longitudinal  ridges,  crossed  with  much  finer  and  more 
frequent  revolving  lines.  The  largest  specimen  is  almost  1|  inch  in 
diameter,  narrowing  to  less  than  1  inch  in  a  length  of  less  than 
2  inches. 

The  remarkable  spiral  plant  belonging  to  the  genus  Spirophyton 

of  Hall,  the  "  Cauda-galli  fucoid"  of  the  earlier  Reports  on  the  State 
of  New  York,  is  found  in  the  same  beds  with  Dictyophyton.  It  is 
also  found,  as  mentioned  in  my  paper  of  1863,  in  Gaspe,  where  it 
ranges  from  the  Upper  Silurian  into  the  Lower  Devonian.  Plants 
of  the  same  genus  have  been  found  by  the  late  Prof.  Hartt  on  the 
Eio  Tapajos,  in  Brazil,  in  beds  referred  to  the  Carboniferous  period, 
though  some  other  plants  found  in  the  same  beds  might  in  North 
America  be  supposed  to  be  Tipper  Devonian  in  age.  In  MS.  descrip- 

tions of  these  plants  sent  to  Prof.  Hartt,  and  which  may  have  been 
published  in  his  Beports,  I  named  this  species  S.  brasiliense.  It  is 
of  interest  as  showing  the  very  wide  distribution  of  this  form  in  the 
palaeozoic  seas. 

Plants  from  the  Erian  {Devonian)  of  St.  John,  New  Brunswick. 
I  have  recently  obtained,  from  the  widow  of  the  late  lamented 

Prof.  Hartt,  the  remainder  of  his  Devonian  plant- collections,  con- 
sisting principally  of  duplicates  of  the  more  common  species  found 

at  St.  John,  but  with  a  few  fragments  indicating  forms  not  pre- 
viously known  to  me. 

Since  the  publication  of  my  papers  and  reports  on  the  fossils  of 
the  St.-John  beds,  they  have  been  repeatedly  referred  to  by  European 
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palaeobotanists  as  Lower  Carboniferous,  apparently  on  no  better 
grounds  than  their  superior  richness  in  plants  to  the  Devonian  of 
Europe.  On  this  account  it  may  be  desirable  here  to  summarize 
the  evidence  now  available  as  to  their  actual  age.  This  may  be 
stated  thus : — (1)  The  Dadoxylon  Sandstone  and  Cordaite  shale 
of  Southern  New  Brunswick  are  folded  up  and  partially  altered  with 
the  Silurian  and  Cambrian  rocks  of  the  district,  and  are  overlain 
un conformably  by  the  Lower  Carboniferous  conglomerates  (Subcar- 
boniferous  of  some  American  geologists).  These  conglomerates  are, 
further  eastward,  associated  with  beds  holding  the  characteristic 
fossil  plants  of  my  Horton  series,  equivalent  to  the  Tuedian  or 
Calciferous  series  of  Scotland.  There  is  also  evidence  that  the 

Devonian  plant-beds  are  anterior  to  the  great  intrusive  Devonian 
granite  of  this  region,  whose  debris  are  found  in  the  Lower  Carbo- 

niferous conglomerates,  but  not  in  the  underlying  rocks.  Additional 
facts  illustrative  of  these  points  will  be  found  in  the  Reports  of 
Messrs.  Bailey  and  Matthew  in  the  publications  of  the  Geological 
Survey  of  Canada  for  1871  and  1875. 

(2)  The  flora  of  these  beds  is  markedly  different  from  that  of  the 
Lower  Carboniferous,  of  the  Millstone  Grit,  and  of  the  true  Coal- 
formation  in  New  Brunswick  and  Nova  Scotia,  all  of  which  have 
been  studied  and  described. 

(3)  The  prevalent  forms  in  the  St. -John  beds  are  those  character- 
istic of  the  Devonian  in  Gaspe,  New  York,  and  Maine,  such  as  Archce- 

ojoteris,  Cyclopteris  obtusa,  Psilophyton,  Catamites  radiatus,  Dadoxylon 
ouangondianum,  though  several  genera  are  common  to  these  beds  and 
the  Carboniferous.  The  fact  that  the  flora  of  these  beds  is  richer 
than  that  of  the  European  Devonian,  and  contains  types  which 
appear  later  in  Europe,  is  in  harmony  with  known  facts  as  to  the 
earlier  appearance  of  plants  in  America  in  other  stages  of  geological 
history.  I  may  add  that  some  of  the  genera  noticed  in  1863  from 
St.  John,  and  not  then  known  in  the  Devonian  of  Europe,  have  sub- 

sequently been  found  there.  Even  as  late  as  1879  some  of  them 
were  discovered  by  Peach  in  the  Old  Bed  of  Scotland. 

(4)  The  new  facts  which  have  been  disclosed,  more  especially  those 
which  indicate  the  great  richness  of  the  Devonian  flora  of  New  York 
in  Ferns,  now  induce  me  to  believe  that  these  St. -John  beds,  though 
rivalling  the  Coal-formation  in  their  abundance  of  fossil  plants,  are 
really  of  the  age  of  the  Hamilton  group  of  New  York,  which  in 
Europe  would  be  regarded  as  Middle  Devonian. 

(5)  I  would  further  add  that  the  richness  of  this  flora  in  species, 
as  well  as  the  discovery  of  rare  and  exceptional  forms,  such  as  insects, 
is  in  part  due  to  the  excellent  exposure  of  the  beds  in  the  vicinity  of 
St.  John,  and  in  part  to  the  extensive  and  thorough  nature  of  the 
explorations  carried  on  with  the  aid  of  blasting  by  Messrs.  Hartt 
and  Matthew,  under  the  auspices  of  the  Natural-History  Society  of 
New  Brunswick.  It  is  probable  that  few  fossiliferous  beds  in  the 
world  have  been  so  thoroughly  explored.  In  connexion  with  this 
it  is  to  be  observed  that  the  mass  of  the  specimens  obtained  repre- 

sents only  a  few  species,  while  the  greater  number  are  represented 
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by  only  a  few  fragments,  which  would  undoubtedly  have  escaped 
the  observation  of  ordinary  collectors. 

In  the  collections  now  in  my  hands  the  following  forms  occur, 
which  may  be  considered  new,  though  most  of  them  are  too  imper- 

fect for  complete  description. 

Odontopteris  squamosa,  sp.  n.    (PL  XIII.  fig.  17.) 
Petiole  slender,  bearing  short  pinnules  placed  at  right  angles  to  it, 

and  each  consisting  of  two  rounded  decurrent  pinnulse  and  a  terminal 
pinnule  of  triangular  form.  Toward  the  end  only  the  terminal 
pinnule  appears.  Veins  obscure,  diverging  from  a  midrib,  broad  at 
base.    Prond  apparently  of  a  thick  or  coriaceous  texture. 

This  would  seem  to  have  been  a  creeping  or  parasitic  Pern.  In  its 
general  habit  it  bears  some  resemblance  to  Cyclopteris  dissecta  of 
linger,  from  the  Devonian  of  Thuringia,  but  appears  to  have  more 
affinity  with  the  genus  Odontopteris  than  with  Cyclopteris. 

Cardiopteris  eeiana,  sp.  n.    (PL  XIII.  fig.  18.) 

Pinnules  nearly  round  or  slightly  oblong,  nearly  equally  cordate 
at  base,  somewhat  crowded  on  a  slender  petiole.  Length  from  8  to 
14  millim.  Veins  regularly  spreading  from  the  centre  of  the  base, 
curving  toward  the  margin,  and  forking  twice  or  thrice. 

This  is  the  first  appearance  of  this  Lower  Carboniferous  genus  in 
the  Devonian.  The  species  closely  resembles  Cyclopteris  poly <morpha 
of  Goppert,  though  every  way  smaller  and  more  delicate. 

Arcii^opteris  ?,  sp.  n.    (PL  XIII.  fig.  19.) 

Petiole  apparently  wood}",  bearing  broadly  obovate  decurrent 
pinnules,  with  strong,  flabellate,  straightish  nerves.  Pinnules  over- 

lapping each  other. 
This  plant  bears  a  general  resemblance  to  Archceopteris  of  the  type 

of  A.  {Cyclopteris)  Maccoyana  of  Goppert ;  but  the  woody  petiole 

or  branchlet,  and  the  coarse  texture'  of  the  pinnules,  raise  the  sus- 
picion that  the  specimen  may  not  be  a  Pern,  but  may  have  belonged 

to  a  coniferous  tree  of  the  type  of  Voltzia  or  Salisbury  a. 

Cyclopteris,  sp. 

Pragments  of  a  very  large  cyclopterid  leaf,  with  flabellate  veins, 
and  which,  when  entire,  must  have  been  three  inches  in  diameter. 
It  is  too  imperfect  for  description,  but  indicates  a  frond  of  the 
same  general  character  with  Cyclopteris  Broivnii  from  Peny,  in 
Maine. 

Other  specimens  indicate  a  small  species  of  ArcJiceopteris,  more 
delicate  than  A.  JacJcsoni;  and  there  are  some  fragments  which 
seem  to  show,  though  not  indisputably,  that  the  submerged  leaves  of 
Asteropliyllites  latifolia  were  long  and  linear,  approaching  in  form 
to  those  previously  described  as  A.  lenta.  A  fragment  of  Hymeno- 
pTiyllites,  about  the  size  and  form  of  H.  Gersdorffii,  shows  minute 
rounded  spore- cases  comparable  with  those  of  the  modern  genus 
Todea,  which  the  Pern  itself  also  closely  resembles. 
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The  species  above  described  add  to  the  number  of  small  and 
delicate  Ferns  by  which  the  St.-J ohn  beds  are  so  especially  charac- 
terized. 

Specimens  from  Scotland  and  Australia. 

JEtheotesta  devonica,  sp.  n.    (PL  XII.  figs.  14,  14  a.) 
Fruit  4  millim.  in  diameter,  oval  in  cross  section.  Testa  less 

than  1  millim.  in  thickness,  and  consisting  of  radiating  fibres. 
Nucleus  represented  by  white  mineral  matter  with  coaly  specks. 
The  specimen  shows  only  a  cross  section  ;  but  there  seems  no  reason 
to  doubt  that  it  is  the  seed  of  the  above  genus  of  C.  Brongniart  *, 
hitherto  found  only  in  the  Coal-formation  of  France.  It  may  be 
referred  to  Taxinece,  and  may  have  been  the  seed  of  trees  of  the 
genus  Dadoxylon. 

The  specimen  is  in  grey  sandstone,  associated  with  fragments  of 

carbonized  plants.  It  was  collected  by  the  Rev.  Thomas  "Bodun,  of 
Edinburgh,  in  the  Old  Red  Sandstone  of  Perthshire,  where  it  is  asso- 

ciated with  Lycopodites  Milleri  and  Psilopliyta. 

DlCRANOPHYLLTJM  ATJSTRALICTTM,  sp.  n.      (PL  XIII.  figS.  15  &  16.) 
Stem  slender,  3  millim.  in  diameter,  not  tapering  in  a  length  of 

3  inches.  It  is  marked  with  minute,  narrow,  elongated  leaf-bases, 
spirally  arranged.  Leaves  linear,  3  millim.  long,  bifurcating  at  an 
obtuse  angle  at  their  extremities. 

The  specimen  is  in  white  sandstone  and  is  well  preserved.  It 

was  collected  by  Mr.  R.  L.  Jack,  F.G-.S.,  of  the  Geological  Survey  of 
Queensland,  in  sandstones  associated  with  limestone,  on  Panning 
River,  Burdekin,  Queensland.  The  horizon  is  said  to  be  under  the 
Mt.-Wyatt  and  Star  beds,  and  consequently  lower  than  that  of  the 
plants  collected  by  Mr.  Daintree,  and  described  by  Mr.  Carruthers 
in  the  Journal  of  this  Society. 

The  genus  Dicranophyllum  was  established  by  Grand'Euryf  for 
certain  plants  of  the  French  Coal-fields,  which,  though  larger  and 
better-developed  than  the  present  species,  must  have  been  some- 

what similar.  Grand'Eury  regards  these  plants  as  probably Coniferous. 
The  plants  described  in  this  paper  are  fragmentary  and  imperfect, 

but  they  add  six  or  seven  types  to  the  Erian  flora,  and  encourage 
the  hope  that  all  the  Carboniferous  genera  may  yet  be  recognized  in 
the  older  formation,  together  with  others  peculiar  to  itself,  thus 
tending  to  vindicate  the  opinion  expressed  in  a  former  paper  that 
the  plant-life  of  the  Devonian  was  more  varied  or  less  monotonous 
than  that  of  the  Coal-formation. 

Supplementary  Note. 

As  some  delay  has  occurred  in  the  publication  of  the  above  paper, 
I  may  be  permitted  to  add  the  following : — 

(1)  In  my  paper  on  Devonian  Tree-ferns  in  the  '  Quarterly 
\  *  Annales  cles  Sciences  Naturelles,  vol.  xx.  t  Flore  Carbonilere. 
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Journal ?  of  this  Society  for  1871,  I  referred,  under  the  names  of 
Psaronius  textilis  and  Caulopteris  Lockwoodi,  to  certain  remarkable 
trunks  of  Ferns  from  the  Chemung  formation  (Upper  Devonian)  of 
Gilboa,  New  York,  placed  in  my  hands  by  Prof.  Hall  and  Mr.  Lock- 
wood,  and  which  were  stated  to  be  from  a  locality  where  numerous 
erect  trees  exist.  Prof.  Hall  has  since  extracted  several  of  the 

largest  of  these  trees,  and  they  are  now  in  the  State  Geological  Col- 
lection at  Albany,  where  I  lately  had  the  pleasure  of  examining  them. 

They  entirely  confirm  my  conclusions  as  to  their  nature,  derived 
from  the  fragments  submitted  to  me,  being  evidently  trunks  of  large 
tree-ferns  surrounded  by  masses  of  aerial  roots,  in  some  cases  2  feet 
in  diameter  at  the  base,  and  apparently  passing  downward  into  a 
shaly  bed  or  underclay  filled  with  rootlets.  Prof.  Hall  hopes  shortly 
to  publish  illustrations  of  these  remarkable  trunks,  representing  the 
oldest  fossil  forest  yet  known. 

(2)  In  the  course  of  last  summer,  the  researches  of  Messrs.  Ellis, 
Foord,  and  Weston,  of  the  Geological  Survey  of  Canada,  have  dis- 

closed, near  the  head  of  the  Bay  de  Chaleurs,  some  interesting 
exposures  of  Devonian  beds  rising  from  beneath  the  Lower  Carboni- 

ferous (Bonaventure  formation  of  Logan).  In  some  of  these  beds, 
probably  Middle  Erian,  there  are  abundant  remains  of  Psilophyton, 
similar  to  those  of  Gaspe  Bay ;  but  others,  which  are  evidently 
upper  members  of  the  Erian  system,  contain  fossil  fishes  referred  by 
Mr.  Whiteaves  to  the  genera  Pterichthys,  Tristicliopterus ,  Phanero- 
pleuron,  and  Cheirolepis.  In  the  same  beds  with  these  fishes  occur 
fronds  of  three  species  of  Ferns,  of  which  I  have  myself  collected 
specimens  in  a  visit  to  the  locality  in  July  last,  though  the  best 
examples  have  been  found  by  Mr.  Foord.  One  of  the  species  is  an 
Archceopteris,  allied  to  A.  hibernica  and  A.  Jacksoni,  but  differing 
in  the  details  of  the  fructification,  which  is  well  preserved  {A.  magna- 
censis*,  MS.).  Another  is  a  magnificent  fern,  referable  in  the  mean- 

time to  the  provisional  genus  Cyclopteris,  and  identical  with  that 
figured  by  Lesquereux  in  the  Report  of  the  Geological  Survey  of 

Penns}dvania  (new  series)  as  Archceopteris  obtusa.  Lesquereux's 
specimen  is  from  the  Chemung  or  Catskill  of  Montrose,  Pennsylvania. 
A  third  species  is  that  described  by  me,  in  Quart.  Journ.  Geol.  Soc. 
vols,  xviii.  &  xix.,  as  Cyclopteris  Brounii.  In  the  specimens  from 
Bay  de  Chaleurs  the  large  flabellate  fronds  of  this  fern  are  seen  to 
be  attached  in  dense  groups  to  a  rhizome  or  slender  stem,  showing 
that  this  plant  was  either,  as  I  supposed  in  regard  to  the  specimens 
which  I  described  from  Peny,  in  Maine,  a  low-growing  ground-fern 
or  an  epiphyte. 

(3)  In  the  "  discussion  "  of  my  paper  I  observe  a  statement  to  the 
effect  that  Asteropteris  noveboracensis  may  be  a  lycopodiaceous  plant. 
In  reply,  I  think  it  sufficient  to  refer  to  the  description  and  figure, 
but  may  add  that  I  have  had  occasion  in  previous  papers  to  refer  to 
the  remarkable  abundance  and  variety  of  ferns  in  the  islands  of  the 
Devonian  sea.  In  accordance  with  this,  the  beds  near  Milo,  New 
York,  in  which  Asteropteris  occurs,  abound  in  stipes  of  large  ferns, 

*  Cape  Maguach  is  the  locality. 
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while  the  only  lycopodiaceous  plant  which  they  have  afforded  is 

Lep  'telodendron  primcev um. 

DESCRIPTION  OF  THE  PLATES. 

Plate  XII. 

Pigs.  1,  la.  Asteropteris  noveboracensis,  cross  section,  natural  size  and  enlarged. 
2.  A.  noveboracensis,  portion  enlarged,  showing  one  vascular  bundle. 
3.  ,  portion  enlarged  12  times,  showing  rays  and  vascular  bundle. 
4.  ,  stem  restored  in  cross  section. 

5,  6.  ,  scalariform  vessels,  X  100. 
7.  ,  prosenchyma  of  outer  cylinder,  X  40. 

8,  9.  ,  parenchyma  of  inner  cylinder,  X  40. 
In  the  above  figures,  a  represents  radii  of  axis,  b  cellular  tissue 

of  axis,  c  outer  prosenchyma.  d  leaf -bundles. 
10.  Equisetides  Wright  iana,  leaf  of  sheath. 
11.  Cyclostigma  affine. 
12.  ,  leaf-base,  enlarged. 
13.  Lepidodendron  primeevum. 
14.  JEtheotesta  devonica,  natural  size  and  enlarged. 

Plate  XIII. 

15.  Dicranophyllum  australicum. 
16.  ,  enlarged. 
17.  Odontopteris  squamosa. 
18.  Cardiopteris  eriana. 
19.  Archcsopteris.  sp.  n. 
20.  Equisetides  WrighUana. 

Discussion. 

Mr.  Carruthers  spoke  very  highly  of  the  industry  of  Dr.  Dawson 
in  collecting  fossils,  but  he  could  not  agree  with  him  in  his  con- 

clusions as  to  their  systematic  relations.  He  thought  the  form 
described  as  a  fern  should  be  referred  to  the  Lepidodendroids. 
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24.  On  Fossil  Chilostomatous  Brtozoa  from  South-west  Victoria, 
Australia.  By  Arthur  W.  Waters,  Esq.,  F.G.S.  (Read 
April  25,  1881.) 

[Plates  XIV.-XVIII.] 

Part  of  the  material  forming  the  subject  of  the  present  communica- 
tion I  received  in  exchange  from  Miss  E.  C.  Jelly,  in  a  small  test- 

tube,  already  washed  out  of  the  clay;  and  on  two  subsequent 
occasions  she  has  kindly  lent  me  a  number  of  slides  from  her  col- 

lection. The  "  lump  of  clay  "  out  of  which  they  were  washed  was 
sent  over  to  England  marked  "  Yarra-Tarra,  Victoria,"  by  Mr.  John 
Allen  some  years  ago ;  but  the  exact  locality  Miss  Jelly  has  been 
unable  to  obtain  for  me.  However,  I  find  that  Mr.  H.  Watts,  in  a 

paper  "  On  fossil  Polyzoa  "  (in  the  Trans.  Roy.  Soc'  Vict.  vi.  1865, p.  82-84),  mentions  a  deposit  from  which  Mr.  Allen  sent  fossils,  and 
says,  "  The  deposit  is  described  as  being  about  thirty  miles  east  of 
Warrnamboul,  extending  along  the  sea-coast  for  a  distance  of  from 
six  to  seven  miles,  and  is  from  thirty  to  forty  feet  in  thickness."  A 
letter  I  wrote  to  Mr.  Watts,  on  the  possibility  of  its  finding  him,  has 
elicited  no  response ;  and  I  therefore  presume  that  he  must  be 
dead  or  have  removed,  and  fear  that  the  exact  locality  will  not  now 
be  discovered. 

From  the  memoirs  of  the  Geological  surveys  I  conclude  that  it 
will  be  found  to  be  what  the  Australian  geologists  call  Miocene,  though 
as  yet  this  has  not  been  shown  to  be  of  the  age  of  the  European 
Miocene  formation.  Mr.  Etheridge,  Jun.,  writes  that  Allen  pro- 

spected in  the  "  quartz  cement  which  was  considered  by  McCoy  of 
Pliocene  age,'*'  and  says  "  the  country  traversed  by  Allen  and  party also  consisted,  especially  near  the  coast,  of  beds  which  were  referred 

by  McCoy  to  the  Miocene  period."  Mr.  Etheridge,  Jun.,  thinks  pro- 
bably the  material  marked  Yarra-Yarra  came  from  these  beds,  and 

there  is  reason  for  supposing  that  the  material  was  not  quite 
correctly  labelled.  The  fossils  which  have  been  found  in  Muddy 
Creek,  Hamilton,  Victoria,  seem  to  support  the  Miocene  age  of  the 
beds;  and  similar  Miocene  clays,  according  to  the  Survey,  occur  in 
several  places,  as  near  the  mouth  of  the  Aire  river  and  also  near 
Geelong. 

Besides  the  Bryozoa,  I  found  a  large  series  of  Foraminifera  very 
well  preserved ;  and  I  spent  much  time  in  picking  out  a  large  num- 

ber, probably  representing  50-100  species,  which  I  forwarded  to 
Professor  Karrer  of  Vienna,  from  whom  I  hear  that  he  hopes  to 
complete  the  examination  of  the  series  this  spring ;  and  I  anticipate 
that  they  will  throw  some  light  on  the  age  of  the  formation,  as 
the  Foraminifera,  both  fossil  and  recent,  have  had  much  more 
attention  than  the  Bryozoa.  There  were  also  a  number  of  long  slen- 

der im-joints,  which  I  submitted  to  one  of  our  authorities  without 
Q.J.G.S.  No.  147.  y 



310 A.  W.  WATERS  ON  FOSSIL  CHILOSTOMATOITS 

any  result.  The  few  molluscan  shells  are  probably  fry,  and  do  not 

give  much  assistance,  but  support  the  "  Miocene  "  age  of  the  beds. There  are  also  a  few  Entomostraca. 

The  fragments  of  Bryozoa  are  small ;  but  their  state  of  preserva- 
tion is  often  very  perfect ;  and  in  this  lies  their  chief  value.  Their 

examination  may  well  be  used  as  an  introduction  to  the  study 
of  the  Mount-Ganibier  series  of  Australia,  in  which,  so  far  as  I  am 

able  to  judge  from  the  London  Geological  Society's  collection,  kindly 
lent  to  me,  and  from  a  collection  belonging  to  Mr.  Etheridge, 
jun.,  also  in  my  hands,  the  state  of  preservation  often  does  not 
admit  of  the  details  being  seen ;  so  that  the  determination  and  de- 

scription of  these  is  sometimes  very  unsatisfactory  if  other  material 
is  not  at  hand  to  be  used  as  a  key  to  the  structure.  As  examples  I 
may  mention  Microporella  yarraensis,  M.  violacea,  var.,  Porina  cly- 
peata,  and  Hetepora  rimata,  which  occur  in  the  Mount-Gambier  beds  ; 
but  the  details  are  wanting,  and  were  it  not  for  the  "  Yarra-Yarra  " 
specimens  I  should  have  been  unable  to  classify  them. 

The  living  British  Bryozoa  have  recently  been  reclassified  by 
Mr.  Hincks,  who  has  introduced  in  some  sections  an  almost  new 
classification.  Since  the  appearance  of  his  work  no  palaeontogical 
papers  of  any  importance  have  appeared ;  and  it  therefore  becomes 
necessary  to  consider  how  far  this  classification  is  applicable  in  the 
determination  of  fossils  ;  and  it  is  here  that  we  shall  perhaps  find  the 
weak  point  in  the  modern  classification :  but,  on  the  other  hand, 
fossils  more  than  recent  forms  show  the  utter  unnaturalness  of  the 

older  divisions.  Although  generic  determination  will  often  be  diffi- 
cult, that  is  by  no  means  confined  to  the  present  system ;  for  we  often 

find  fragments  showing  many  important  characters  without  being- 
able  to  distinguish  if  they  have  grown  in  the  Eschar  a  or  Lepralia 
form.  Every  change  of  classification  should,  of  course,  aim  at 
making  the  system  more  natural ;  but  at  the  same  time  special 
attention  should  be  given  to  those  characters  which  can  be  distin- 

guished in  fossils,  seeing  that  the  number  of  known  fossil  forms  is 
so  many  times  more  than  all  the  known  recent  ones,  and  ultimately 
the  relationship  of  the  living  ones  must  be  worked  out  largely  by 
means  of  the  palseontological  record. 

In  the  classification  used  by  Busk  in  his  'Crag  Polyzoa/  and,  with 
some  modifications,  by  Reuss,  the  form  of  the  colonial  growth  was 
made  the  first  consideration  ;  so  that  colonies  of  cells  of  a  certain 
form  incrusting  stones  or  seaweed  were  called  Lepralia,  while  quite 
similar  cells,  growing  back  to  back,  forming  an  erect  coral-like 
stem,  would  be  called  Eschar  a  or,  if  there  was  only  one  layer, 
Hemescliara.  With  more  careful  examination  and  comparison  of 
recent  and  fossil  forms  this  was  found  to  be  an  absolutely  untenable 
position,  as  the  same  forms  of  cells  so  frequently  occur  that  any  one 
well  acquainted  with  recent  and  fossil  Bryozoa  could  in  a  short  time 
draw  up  a  list  of  at  least  40  or  50  cases  where  absolutely  identical 
cells  are  known  in  the  Lepralia  and  Eschara  forms.   Smitt  *,  recog- 

*  Krit.  Fort,  ofver  Skandiuaviens  Hafs-Bryozoerne,  af  F.  A.  Smitt.  Ofv. 
Vet.  Ak.  Forhandl.  1864-1868. 
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nizing  this,  based  his  classification  mostly  upon  the  form  of  the  oral 

aperture  ;  and  Mr.  Hincks  has  followed  Smitt's  example,  introducing some  modifications.  But  sometimes  there  is  a  peristome  obscuring  the 
oral  aperture ;  so  that  it  is  difficult  even  in  receut  species  to  see  the 
sbape  of  the  real  aperture,  unless  there  is  sufficient  material  at  hand 
to  make  the  necessary  preparations.  As  an  example,  in  Tubucellaria 
cereoides,  Ell.  &  Sol.,  the  operculum  which  closes  the  primary  aper- 

ture is  situated  at  some  distance  from  the  end  of  the  peristome, 
which  is  produced  into  a  long  tube.  In  fossils,  however,  it  is 
sometimes  impossible  to  make  out  the  exact  form  of  the  opercular 
aperture,  even  when  other  details  are  extremely  well  preserved ;  for 
an  example  of  which  I  only  need  refer  to  Porina  clypeata  (PI.  XVI. 
fig.  67),  in  which  the  details  are  so  well  preserved  that  I  think  there 
is  no  doubt  it  can  be  easily  recognized  when  found  elsewhere. 

Probably  no  naturalist  at  all  thoroughly  acquainted  with  the 
Brvozoa  will  again  attempt  to  sustain  such  genera  as  the  old  Lepralia 
and  Eschara  ;  but  it  may  be  well  to  examine  carefully  the  growth  of 
the  Bryozoa  before  we  entirely  reject  the  form  of  the  colony  as  of 
classificatory  value  ;  for  in  many  cases  it  may  be  shown  in  this  way 
from  which  part  of  a  zocecium  the  following  zocecium  grows.  The 
mode  of  growth  of  Lepralia  and  Eschara  indicated  no  structural 
difference  ;  for  the  young  zocecia  in  both  grew  out  from  the  same  part 
of  the  parent  cells,  and  Eschara  was  only  formed  of  Lepralia-cells 
back  to  back,  often  very  slightly  attached.  For  an  example  of  the 
new  zocecia  arising  in  a  different  manner  we  may  cite  Bicellaria 
and  Bugida,  and  fig.  33,  provisionally  placed  with  Crihrillina  as  C. 
dentipora.  The  form  of  the  aperture  must  be  the  first  consideration  ; 
but  especially  among  fossils  we  must  carefully  notice  how  they  grow  ; 
and  it  is  to  be  hoped  that  this  latter  question  may  soon  receive  a 
thorough  and  conscientious  investigation,  as  it  is  a  point  requiring 
still  further  elucidation.  At  one  time  I  hoped  to  be  able  to  devote 
some  time  to  this  question,  which  must  be  a  laborious  one ;  but  I  fear 
the  state  of  my  health  will  not  allow  me  to  carry  it  out. 

If  the  principles  of  the  old  classification  had  been  adopted,  it  would 
have  been  necessary  to  make  several  new  genera ;  but  workers  on 
recent  Bryozoa  have  already  overthrown  the  classification  based  upon 
the  zoarial  form,  and  therefore  palaeontologists  should  follow  Smitt, 
Hincks,  and  others,  and  describe  their  species  in  such  a  manner, 
and  use  such  a  nomenclature,  that  fossils  can  be  compared  with 
living  species. 

The  Australian  Bryozoa,  both  recent  and  fossil,  have  been  as  yet 
very  imperfectly  worked  out.  The  most  important  works  concerning 

living  forms  are  Macgillivray's*  papers,  and,  for  the  Catenicellidse, 
that  of  Prof.  Wyville  Thomsonf.    Prof  Hutton  has  drawn  up  a  list 

*  MacGillivray,  P.  H.,  "Notes  on  the  Ckeilostomatous  Polyzoa  of  Victoria,'7 
Trans.  Roy.  Soc.  Vict.  pt.  ii.  vol.  iv.  1860 ;  id.  "  Descr.  of  some  new  Genera  and 
Species  of  Australian  Polyzoa,"  loc.  at.  vol.  ix.  1869 ;  id.  in  '  Prodromus  of 
Zoology  of  Victoria,'  edited  by  P.  M'Coy,  decades  iii.  &  iv.  1879. 

t  Wyville  Thomson,  "On  new  Genera  and  Species  of  Polyzoa,"  Zool.  Bot„ Assoc.  Dublin,  vol.  i.  1859. 
12 
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of  the  New-Zealand  fauna  ;  but,  as  he  does  not  seem  to  have  devoted 
himself  much  to  the  Bryozoa,  we  cannot  make  comparison  with  the 
New-Zealand  species  until  some  specialist  has  worked  at  them  *. 
There  are  several  species  described  by  Busk  and  Hincks  in  their 
papers  and  works ;  and  lately  the  study  has  been  taken  up  byHaswell, 
Goldstein,  Maplestone,  and  J.  B.  Wilson,  with  interesting  results. 

The  fossils  have  attracted  comparatively  very  little  attention.  In 
1859  the  Council  of  this  Society  admitted  a  Note  f  by  Mr.  Busk  on 
Mount-Gainbier  fossils  ;  but  this  only  consisted  of  a  list  of  37  species, 
32  of  which  were  new  and  were  not  described,  but  only  christened ; 
so  that  it  still  remains  perfectly  useless  for  comparison.  These  names 
have  sometimes  been  quoted ;  and  workers  have  wasted  their  time  in 
libraries  searching  for  the  descriptions ;  and  in  the  various  biblio- 

graphical and  specific  lists  published  by  Mr.  Etheridge,  Jun.,  these 
names  are  all  referred  to  in  full,  and  thus  some  pages  are  filled  up 
with  empty  names.  As  Stoliczka  points  out,  such  anticipatory  pub- 

lication brings  confusion  without  equivalent  advantage;  and  cer- 
tainly in  this  case  there  has  been  much  irritation  and  ink  wasted, 

which  might  have  been  avoided  if  the  paper  had  been  entirely  ig- 
nored. In  Mr.  J.  E.  T.  Woods's  "  Geol.  Observations  in  Australia  " 

entirely  unsatisfactory  figures  without  description  appeared ;  and 
since  then  Mr.  Woods  has  published  a  few  short  papers,  to  which  I 
refer  in  the  descriptive  text,  of  which  I  will  only  mention  his  paper 

"  On  someTertiaryAustralian  Polyzoa"  and  "Australian  Selenariadee," 
in  which  fossils  from  Mount  Gam  bier  and  Muddy  Creek,  Hamilton, 
Victoria,  are  described,  both  being  considered  of  the  same  age. 
Therefore  we  may  say  that,  with  the  exception  of  the  papers  by  Mr. 
Woods  and  one  shortly  to  be  mentioned  by  Mr.  Wilson,  no  work  has 
been  done  on  the  Australian  fossil  Bryozoa  ;  but  in  the  description  of 
the  Novara  Expedition,  vol.  i.  pt.  2,  an  important  paper  is  published 
by  Stoliczka  J  on  the  Bryozoa  from  the  marine  beds  of  theWaitemata 
Schichten  of  Orakei  Bay,  New  Zealand ;  and  as  eight  species  are 
common  to  both  formations,  the  two  deposits  are  of  somewhat  the 
same  age. 

At  the  time  I  commenced  the  study  of  this  material  no  fossil 
Catenicellidae  were  known ;  but  since  mine  were  lithographed,  Mr. 
J.  Bracebridge  Wilson  §  has  described  and  designated  by  numbers 
twelve  species,  with  none  of  which  am  I  able  to  identify  any  of  my 
species.  But  the  characters  on  which  Catenicellce  must  be  grouped 
are  as  yet  scarcely  understood ;  and  much  change  must  be  made  in 
the  classification,  as  undoubtedly  some  of  the  names  now  in  common 

*  F.  W.  Hutton,  Catal.  of  Marine  Mollusca  of  New  Zealand,  Wellington, 
1873;  id.  "Corrections  and  Additions  to  the  List  of  Polyzoa  in  the  Catai.  of 
Marine  Mollusca  of  N.  Zeal.,"  Trans.  New-Zealand  Inst.  vol.  ix.  1876. 

t  "Note  on  the  Fossil  Polyzoa  collected  by  the  Eev.  J.  E.  Woods  near  Mount 
Gambier,  South  Australia,"  by  George  Busk,  F.R.S.,  F.G.S.,  &c,  Quart.  Journ. Geol.  Soc.  vol.  xvi.  1860,  p.  260. 

|  Fossile  Bryozoen  aus  dem  tert.  Griinsandstein  der  Orakei  Bay  bei  Auck- 
land, von  Dr.  Ferd.  Stoliczka,  1864. 

§  "  Fossil  Catenicellse  from  the  Miocene  beds  at  Bird  Rock,  near  Geelong," 
Journ.  Micr.  Soc.  Victoria,  vol.  i.  nos.  2,  3,  p.  60. 
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use  are  synonyms.  As  with  other  Bryozoa,  so  in  Catenicella,  the 
form  of  the  aperture  will  have  to  be  considered  of  primary  impor- 

tance. This  Mr.  Wilson  does  not  seem  to  have  appreciated ;  for 
only  in  one  case  does  he  mention  the  shape  of  the  aperture,  and, 
while  in  some  the  shape  may  not  be  distinguishable,  we  can  hardly 
suppose  that  all  the  twelve  are  so  badly  preserved  as  to  have  this 
principal  character  destroyed.  I  have  recently  found  two  species 

of  Catenicella  in  the  Geological  Society's  collection  from  Mount 
Gambier.  It  is  therefore  not  impossible  that  when  the  figures  which 
Mr.  Wilson  promises  are  published,  one  or  two  may  be  found  to 
occur  near  Geelong  and  in  the  present  locality. 

One  most  extremely  interesting  form — indeed,  the  most  interest- 
ing specimen  in  the  collection — is  Catenicella  internodia  (fig.  78), 

consisting  of  long  internodes  with  a  double  row  of  cells,  whereas  all 
the  Catenicellidse  now  living  have  short  beaded  internodes,  consisting 
of  one,  two,  or  even  three  cells  ;  and  we  may  find  that  forms  with 
one  or  two  cells  in  a  node  have  developed  from  multicellular  nodes, 
and  should  then  ask,  have  not  all  jointed  forms  adapted  themselves 
from  unjointed  ones?  This  and  the  Mount-Gambier  collections 
furnish  unjointed  Crisice.  In  the  living  fauna  of  Australia  the 
number  of  jointed  forms  is  very  remarkable ;  but  already  in  the 
European  Chalk  the  number  was  very  considerable. 

The  Microporellidse  are  well  represented,  and  also  show  that  the 
genus  Microporella  must  be  extended ;  for  we  are  able  to  trace  rela- 

tionship from  M.  violacea,  with  a  round  pore,  to  the  v&r.jissa,  with  an 
elongate  pore  (fig.  73) ;  then  we  have  M.  yarraensis,  with  two  or  three 
denticulated  pores  in  the  depression ;  and  in  this  way  pass  on  by  M. 
eoscinopora  and  var.  armata,  to  M.  symmetrica  (fig.  83).  This  group, 
with  an  area  with  several  large  pores,  was  well  represented  in  the 
Eocene  and  Miocene  of  Europe  by  M.  eoscinopora  &c. ;  and  perhaps 
as  the  recent  forms  are  further  studied  we  shall  find  several  living 
allies ;  for  Microporella  (Eschara)  distoma,  Busk,  from  Madeira  and, 
in  my  collection,  from  Capri,  from  150  metres,  must  evidently  be 
looked  upon  as  related  ;  and  I  find  in  my  specimens  from  Capri  that 
the  pores  are  stelliform,  which  seems  to  be  a  frequent  if  not  general 
character  in  the  group,  and  is  of  great  interest,  as  showing  a  corre- 

lation of  characters,  and  supports  the  opinion  of  those  who  believe 
that  we  are  now  on  the  track  towards  a  more  natural  classification. 
From  the  above  remarks  it  will  be  judged  that  Porellina,  Sm.,  which 
is  separated  from  the  other  Microporellidae  in  consequence  of  having 
the  pore  in  a  lunate  form,  is  not  considered  a  necessary  genus. 

If  the  comparison  is  extended  a  little  further  we  may  find  that 
such  a  form  as  M.  symmetrica  (fig.  83)  is  related  to  the  Cribril- 
linidaB  through  such  forms  as  C.  terminata  (fig.  68). 

In  studying  both  recent  and  fossil  forms  I  have  often  been  im- 
pressed with  the  frequency  Avith  which  open  pores  are  replaced  by 

avicularia,  and  think  that  it  is  a  matter  worthy  of  most  careful 
examination ;  and,  considering  that  there  is  reason  to  believe  that 
avicularia  may  be  only  differentiated  pores,  I  enter  into  the  question 
when  speaking  of  Cribrillina  suggerens. 
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The  number  of  species  of  Chilostomata  mentioned  in  this  paper 
is  seventy-two ;  and,  so  far  as  my  preliminary  examination  goes,  it 
seems  that  there  are  about  thirty  determinable  species  of  Cyclosto- 
mata ;  so  that  from  this  one  small  lump  of  clay  there  cannot  be  less 
than  two  hundred  determinable  species  when  we  add  together 
the  Bryozoa,  Foraminifera,  Entomostraca,  and  other  remains.  It 
now  becomes  necessary  to  make  comparison  of  these  Chilostomata 
with  those  found  in  other  strata ;  and  we  find  that  a  large  propor- 

tion are  identical  with  those  from  the  Orakei-Bay  beds  in  New 
Zealand.  Stoliczka's  descriptions  and  figures  do  not  in  all  cases 
permit  of  comparison ;  but  out  of  a  total  of  twenty-nine  comparable 
species,  there  are  from  Yarra-Yarra  seven  Chilostomata  and  seven 
Cyclostomata.  With  the  Mount-Gambier  beds  the  number  is  large ; 
but  this  is  the  result  of  direct  comparison,  whereas  I  have  had  no 
opportunity  of  seeing  any  fossils  from  Orakei  Bay ;  and  the  number 
of  species  from  Mount  Gambier,  known  to  me,  and  of  which  I  hope 
shortly  to  publish  a  list,  is  greater  than  the  Orakei-Bay  list.  The 
number  of  identical  species  from  the  two  places  is  now  twenty- three 
Chilostomata ;  but  as  I  progress  with  the  determination  of  the 
Mount-Gambier  collection  the  number  will  no  doubt  be  increased. 
We  miss  from  this  locality  the  Mount-Gambier  species  Cellaria 
(Melicerita)  angustiloba,  Busk,  and  Spiropora  verticellata  (a  species 
common  in  the  European  Chalk).  The  C.  angustiloba  may  be  re- 

presented by  O.  globulosa. 
Twenty-two  of  the  Chilostomata  are  known  recent ;  and  many 

more  are  very  nearly  allied  to  living  forms. 
Three  species  are  already  known  in  the  Miocene  ?  Muddy-Creek 

(Victoria)  beds,  and  four  Chilostomata  and,  at  any  rate,  three 
Cyclostomata  from  the  Eocene  of  Italy ;  but  several  others  show 
relationship  to  the  Miocene  and  Eocene  forms,  and  we  are  frequently 
reminded  of  European  Cretaceous  ones,  though  in  only  one  case 
could  we  feel  justified  in  identifying  the  species  with  any  from  the 
Chalk. 

It  will,  however,  be  well  to  defer  further  comparison  until  the 
list  of  the  known  Mount-Gambier  species,  upon  which  I  am  now 
engaged,  is  completed. 

I  have  already  *  referred  in  various  places  to  my  reasons  for  using 
the  term  Bryozoa,  which  is  now  universally  employed  by  German, 
Erench,  and  Italian  authors ;  and  I  do  not  therefore  need  to  enter  again 
into  the  question.  And  although  I  am  sorry  that  those  few  English 
authors  who  have  been  before  the  public  for  a  long  time  have  not 
been  induced  to  change  the  name  which  they  have  used  for  several 
years,  yet  I  have  indications  which  cause  me  to  feel  quite  confident 
that  the  next  generation  of  English  workers  will  use  the  class  name 
which  has  been  employed  in  the  rich  literature  of  Germany  and 
France ;  and  I  am  glad  to  see  that  Mr.  Tenison  Woods  f  has  begun 

*  "On  the  Terms  Bryozoa  and  Polyzoa,"  Ann.  &  Mag.  Nat.  Hist.  Jan.  and 
Feb.  1880 ;  "  Reply  on  the  Term  Bryozoa,"  ibid.  Aug.  1880. 

t  "  Corals  and  Bryozoa  of  the  Neozoic  period  in  New  Zealand,"  Palaeontology 
of  New  Zeal.  pt.  iv.,  Colon.  Mus.  &  Geol.  Surv.  Depart.  1880. 
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to  use  this  name,  and  to  hear  from  Australia  that  it  is  there  likely 
to  immediately  replace  the  term  Polyzoa.  It  is  therefore  with 
much  pleasure  that  I  use  the  name  in  this  contribution  to  the 
palaeontological  literature  of  that  continent. 

Though  considering  that  modifications  of  the  definitions  of  some 
genera  is  required  through  specimens  now  found,  I  leave  that  until 
I  have  completed  my  examination  of  the  Mount-Gambier  collection 
now  in  my  hands. 

The  figures  are  all  drawn  with  the  camera  lucida,  and,  as  far  as 
possible,  magnified  twenty-five  times;  but  this  is  in  each  case  stated 
by  the  side  of  the  figure.  I  regret  that  Plates  XY.  and  XVI.  are  so 
unsatisfactory  through  want  of  success  in  transferring  the  drawing 
to  the  stone ;  and,  in  fact,  Plate  XVII.  came  out  so  badly  that  I 
was  obliged  to  have  it  very  considerably  touched  up  upon  the  stone, 
and  much  detail  is  thereby  lost  or  altered.  The  Plates  are  also  un- 

satisfactorily arranged,  in  consequence  of  my  receiving  the  material 
at  various  times. 

List  of  Species. 

1.  Catenicella  cribrif oralis   
2.   flexuosa  
3.   marginata  
4.   ampla   
5.   alata,  Thorns  
6.   elegans,  var.  Buskii,  Th. 
7.   solida  
8.   internodia   
9.  Cellaria  fistulosa,  L  
10.   rnalvinensis,  B  
11.   ovieellosa,  Stol  
12.   globulosa   
13.  Canda  fossilis   
14.  Caberea  rudis  ?,  BusJc   
15.  Membranipora  lineata,  L.  ... 
16.   catenularia,  James  
17.   cylindriformis   
18.   macrostoma,  Ess  
19.   argus,  d'  Orb  
20.   concamerata  , 
21.  ■  lusoria   , 
22.   maorica,  Stol.   
23.   geminata   
24.  Micropora  patula  
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318 
319 
321 

32:2 323 

324 
>j 

325 

326 

§  o Allies  and  Localities. 

C.  ventricosa,  B.,  living. 
Australia. 
Australia. 

Miocene  and  Eocene  of  Europe. 
Falkland  Islands. 
C.  tenuirostns,  var.  a,  Busk. 
Escham  aspasia,  d'Orb.,  Cretaceous 
Bass's  Straits. 
Widely  distributed. 
Pliocene. 
M.  Flemingii,  living. 
Bartonian,  Italy,  and  Miocene. 
Cretaceous. 

Nellia  simplex,  B.,  living. 
Upper  Eocene,  New  Zealand. 
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List  of  Species  (continued). 

Jo. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 40. 
41. 
42. 
43. 
44. 45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 

Cribrillina  terrninata   
 dentipora  
 suggereus  

Mucronella  mucronata,  Sm  
 duplicata   .  , 
 elegans,  Macg  

Microporella  violacea,  var.  fissa  
 ferrea  
 elevata,  Woods  , 
 yarraensis  , 
 coscinopora   , 
 £Biiigmatica   , 
 symmetrica   
 clavata,  Stol  , 

Porina  clypeata  
 coronata,  Rss  
 columnata   

Lepralia  corrugata   
 monilifera,  var.  armata   
  spatulata'    cleidostonia,  Sm.,  var.  rotunda 

Porella  emendata  
 denticulata,  Stol.  

Smittia  centralis   , 
 centralis,  var.  laevigata   
 Tatei,  T.  Woods   
 anceps,  McGill  

Schizoporella  vigilans  
 phymatophora,  Ess  
 ventricosa,  Hasw  
 fenestrata  
 sp...  
 SP  
 submersa   
  conservata   
 spiroporma   
  excubans   
 amphora   , 
 australis,  T.  Woods  

Retepora  marsupiata,  Sm  
 rimata  

Cellepora  yarraensis  , 
 fossa,  Hasiv  
 sp  

Lunulites  guineensis,  Busk  
 cancellata,  Busk  

Selenaria  marginata,  T.  Woods 
 alata,  T.  Woods   

326 
327 
328 

329 
330 

331 

332 

333 
334 335 

336 

337 

338 
j> 

339 

340 

341 

342 
343 

344 

345 

*? 

Allies  and  Localities. 

Lepralia  scutulata,  B.,  living. 

Cribrillina  tubulifera,  Hincks. 
Florida,  living. 

Lyall's  Bay,  New  Zealand. 
Indian  Ocean. 

Low.  Eoc,  New  Zeal.,  Bart.,  Italy. 
Eschara  heterostoma,  Ess.,  Eoc,  Italy. 

Pliocene  of  Europe. 
L.  mtdtispinata,  B.,  Madeira. 
L.  cleidostoma,  Sm.,  Florida. 

Eocene  of  Italy. 

S.  biajperta. 

Muddy  Creek  (Miocene  ?). 
Miocene  (America). 

C.  pumicosa  (B.,  non  Linn.). 

Muddy  Creek  (Miocene  ?). 
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1.  Catenicella  cribriformis,  sp.  nov.    Plate  XYI.  fig.  39. 

Zocecia  wide,  globose,  with  cribriform  area  below  the  aperture, 
with  five  pores  on  each  side  ;  large  lateral  avicularia  (wings  broken)  : 
linear  vittae  nearly  to  the  base ;  aperture  rounded  above  (broken 
below,  probably  straight)  ;  reverse  smooth. 

This  is  larger  than  C.  hastata,  and  has  more  pores ;  and  the  lines 
in  the  cribriform  area  are  smaller. 

2.  Catenicella  flexuosa,  sp.  nov.    Plate  XYI.  figs.  40,  41. 

Cells  elongate,  irregularly  oval,  large  depressions  above  and  at 
the  side  of  the  aperture ;  cribriform  area  small,  with  nine  pores 
(fenestras) ;  aperture  rounded  on  the  distal  edge,  straight  below.  A 
wavy  thick  tube  on  the  front,  which  may  be  abnormal ;  reverse 
smooth,  raised  over  the  upper  and  lower  part  of  the  first  zooecium 
and  over  the  second  zooecium. 

This  has  some  of  the  characteristics  of  C.  alata,  Thorns. ;  and,  with 
only  the  one  imperfect  specimen,  it  is  doubtful  if  it  should  be  de- 

scribed as  new. 

3.  Catenicella  marginata,  sp.  nov.    Plate  XYI.  figs.  44,  45. 

Zooscia  nearly  cylindrical,  a  coffin-shaped  margin  round  the 
zooecium,  and  marginal  bands  enclosing  depressions  near  the  aper- 

ture of  the  corneous  joint ;  aperture  rounded  above,  doubtful  below, 
seven  distinct  pores  surrounded  by  a  line  ;  back  smooth. 

4.  Catenicella  ampla,  sp.  nov.    Plate  XYI.  figs.  46,  50. 

Cells  large,  subovoid,  nine  large  pores  (fenestras)  on  the  border  of 
a  large  area  (scutum) ;  small  longitudinal  ridge  above  the  aperture, 
with  a  depression  on  each  side  of  it.  Oral  aperture  rounded  on  the 
distal  edge,  proximal  edge  somewhat  arched.  Dorsal  surface  with 
a  large  grooved  depression  over  the  centre  of  each  zooecium ;  and  by 
the  side  are  two  long  adjoining  chambers,  which  are  probably  covered 
by  a  membrane  when  living. 

The  lateral  chambers  are  very  characteristic,  and  somewhat  re- 
semble those  in  C.  ventricosa,  Busk ;  but  in  ventricosa  they  are 

lateral  but  turned  partly  towards  the  front,  while  in  the  present 
case  the  direction  is  dorsal.  There  is  a  faint  median  line,  and 
lines  branching  off  to  each  fenestra,  which  are  not  shown  in  the 
figure  in  consequence  of  the  lithograph  being  badly  put  on  the  stone. 

Log.  Mount  Gambier  (Lond.  Geol.  Soc.  coll.). 

5.  Catenicella  alata,  "W.  Thorns.    Plate  XYI.  figs.  47,  49,  58. 
Catenicella  alata,  W.  Thorns.,  "On  new. Genera  and  Species  of 

Polyzoa  from  Coll.  of  Prof.  Harvey,"  p.  80,  pi.  vi.  fig.  4  (Zool.  Bot. 
Assoc.  Dublin,  1859,  vol.  i.). 

Loc.  Living.    Fossil,  Mount  Gambier  {Lond.  Geol.  Soc.  coll.). 

6.  Catenicella  elegans,  Busk,  var.  Btjsklt,  W.  Thorns.     PI.  XYI. 
figs.  42,  43. 

Catenicella  Buskii,  Wyville  Thomson,  "  On  new  Genera  and 
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Species  of  Polyzoa  from  the  Coll.  of  Prof.  Harvey,"  Zool.  Bot.  Assoc. 
Dublin,  vol.  i.  1859,  p.  83,  pi.  viii.  fig.  2. 

Cells  almost  cylindrical,  contracted  towards  the  base.  There  have 
been  avicularia  at  both  sides  above  the  aperture.  Aperture  not 
perfectly  preserved,  rounded  on  the  distal  edge,  with  a  constriction 
on  each  side  near  the  base ;  proximal  border  (smaller  than  figured) 
slightly  rounded.  Vittae  distinct,  with  double  row  of  pores  in  a 
depressed  area. 

The  vittse  of  the  Catenieellce  are  not  correctly  figured  and  descri- 
bed in  the  British-Museum  Catalogue ;  for,  instead  of  being  raised 

areas  with  raised  warts,  they  are  sunken  areas  enclosed  by  raised 
edges,  and  along  these  sunken  areas  there  are  one  or  two  rows  of 
pores,  according  to  the  species.  The  vittge,  however,  when  covered 
with  a  membrane,  may  appear  like  raised  areas ;  but  an  examination  of 
the  British-Museum  specimens  shows  that  the  structure  was  not  quite 
correctly  appreciated,  and  it  would  be  a  great  advantage  if  any  one 
who  undertakes  the  revision  of  the  Catenicellidse  would  give  figures 
with  all  the  membranes  removed.  The  size  of  the  recent  and  fossil 
species  is  identical. 

In  order  to  compare  Catenicella,  JSerupocellaria,  and  other  more 
or  less  corneous  forms,  I  made  a  series  of  calcined  preparations  of 
most  of  the  recent  specimens  in  my  possession. 

This  is  allied  to  0.  perforata,  B. 

Log.  Living ;  Bass's  Straits  (T.),  Australia  (my  coll.). 
7.  Catenicella  solida,  sp.  nov.    Plate  XVI.  figs.  37,  38. 

Single  cell  oblong  to  cuneate,  double  cells  ovate  to  globular ;  a 
straight  band  or  ridge  down  the  front  of  each  cell,  and  a  similar 
raised  band  separating  the  two  zocecia ;  a  small  curved  ridge  forming 
a  circle  on  each  side  of  the  aperture,  and  below  the  aperture  a  linear 
band  on  each  side.  On  each  side  of  the  central  bands  large  pores 
(sometimes  double  pores).  Oral  aperture  round  above,  with  a  small 
sinus  on  the  proximal  edge  ;  a  denticle  on  each  side  of  the  top  of  the 
sinus.  Dorsal  surface  with  several  large  depressions,  bounded  by 
bands  similar  to  those  on  the  front ;  the  bands,  both  front  and  dorsal, 
are  grooved.  Avicularia  very  minute,  angular  or  rounded  (about 
half  the  length  of  the  oral  aperture),  on  the  side  of  the  cell  near  the 
distal  end. 

This  is  common  in  the  Yarra-Yarra  formation,  where,  however, 
the  cells  are  usually  found  double,  and  the  number  of  single  cells 
seen  is  very  limited.  The  bands  vary  somewhat  in  shape ;  but  fig.  38 
shows  the  typical  form.  This  has  many  points  of  relationship  with 
C.  joonderosa,  Wilson  (Micr.  Soc.  Vict.  vol.  i.  p.  63,  pi.  v.  figs.  1- 
3),  a  living  species ;  also  with  C.  carinata,  Busk ;  and  O.  species  xii. 
of  Wilson  (loc.  cit.  p.  63),  a  fossil  from  Spring  Creek,  but  I  am 
unable  to  identify  it  with  any  described  species. 

8.  Catenicella  internodia,  sp.  nov.    Plate  XVI.  figs.  78,  79. 
Zoarium  in  distinct  internodes  of  several  zocecia  arranged  in  a 

bicellate  series.    Zocecia  suboblong,  with  a  wide  ridge  down  the 
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middle  of  the  zooecium ;  the  band  spreads  out  at  the  top  immedi- 
ately below  the  aperture  in  an  oval  form,  causing  an  oval  depres- 
sion surrounded  by  the  band.  The  upper  part  of  the  zocecium, 

comprising  the  aperture  and  this  oval,  is  slightly  raised  ;  in  the 
longitudinal  depression  four  or  five  pores.  On  the  inner  side  of  the 
zocecium,  above  the  aperture;  a  small  flattened  boss ;  on  the  outer  side 
a  small  triangular  avicularium ;  a  large  depression  or  pore  in  the 
middle  of  the  central  band.  Oral  aperture  semicircular,  with  the 
proximal  edge  straight ;  on  the  back  an  irregular  oval  depression 
behind  each  zocecium,  with  from  three  to  five  pores  in  each  of  these 
depressions. 

This  is  allied  to  C.  solida.  Waters  (figs.  37,  38) ;  but  the  shape  of 
the  aperture  is  different,  besides  considerable  difference  in  the 
structure  of  the  back.  At  first  I  thought  the  large  holes  in  the 
middle  of  the  centre  band  were  accidental ;  but  this  is  really  not 
the  case,  as  in  the  cells,  when  there  is  no  hole  there,  it  is  replaced 
by  a  dark  round  spot,  probably  of  thinner  shell. 

9.  Cellaria  eistttlosa,  L.    Plate  XIV.  figs.  1,  2,  10,  11. 

Cellaria  fistulosa  has  occasioned  systematists  the  greatest  difficulty ; 
and  it  now  possesses  a  mass  of  synonyms  (for  which  see  Hincks 
and  Heuss),  of  which  many  can  never  be  compared.  When 
I  examined  these  and  the  allied  species  from  this  Victorian  mate- 

rial, I  at  first  felt  that  it  would  be  impossible  to  separate  them, 
and  thought  with  Reuss  that  the  range  of  variation  was  so  great 
that  such  forms  as  C.  Jistulosa,  sinuosa,  crassa,  marginata,  &c.  must 
be  included  under  one  specific  name.  Since  my  preliminary  exami- 

nation Mi".  Hincks's  most  valuable  work  on  the  British  marine 
Polyzoa  has  appeared,  in  which  he  distinguishes  three  species, 
Jistulosa,  sinuosa,  Jolinsoni.  I  have  therefore,  with  this  book  before 
me,  again  very  carefully  examined  my  recent  specimens^  first  cal- 

cining considerable  portions ;  and  the  conclusions  I  have  come  to 
are : — that  the  shape  of  the  cell  is  so  variable  that  it  is  perfectly 
useless  as  a  character  (this  has  already  been  mostly  recognized  by 
recent  writers,  but  was  the  character  on  which  the  species  were 
some  time  ago  principally  founded) ;  then  I  next  found  that  the 
bordering  rim,  which  is  a  character  of  C.  Jolinsoni,  Busk,  is  some- 

times found  on  one  part  of  a  colony  of  C.  fistulosa,  and  absent  in 
other  parts;  next  I  found  the  shape  of  the  ovicellular  opening 
equally  unsatisfactory  (for  in  most  undoubted  specimens  of  fistulosa 
from  Naples  it  occurs  in  some  cells  as  a  minute  orbicular  opening, 
then  it  is  elongate  oval,  and  in  other  apparently  older  ovicells  a  broad 
semicircular  line  is  formed,  which  changes  to  a  transversely  oval 
opening,  resembling  that  figured  by  Mr.  Hincks  as  a  character  of 
C.  sinuosa).  In  the  same  specimen,  before  any  ovicells  are  formed, 
the  aperture  is  very  near  the  top  of  the  zocecium ;  but  afterwards 
its  position  is  near  the  centre.  Having  found  the  position  of  the 
aperture,  the  shape  of  the  ovarian  opening,  the  shape  of  the 
zocecium  and  of  the  bordering  rim  unsatisfactory  characters,  there 
only  remained  the  avicularia ;  and  in  all  the  specimens  I  have  ex- 
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amined  I  have  found  one  form  constant :  the  fistulosa  from  the 
Mediterranean  has  its  rounded  avicularium  above  the  zooecium ;  the 
sinuosa  has  a  diagonal  avicularium  pointed  downwards,  with  the 
lower  part  raised ;  the  Johnsoni,  from  Rapallo  (Italy)  and  New 
Guinea,  has  a  zocecial  avicularium  with  a  projecting  hood  above, 
as  figured  by  Hincks.  I  find  my  observations  on  the  recent  species 
entirely  confirmed  by  the  examination  of  a  large  number  of  fossil 
forms. 

Some  thick  specimens,  such  as  fig.l,  have  the  characteristic  avicu- 
laria  of  the  European  fistulosa  ;  these  are  somewhat  rare  ;  but  slender 
specimens,  such  as  fig.  12,  are  common,  and  probably  these  are  the 
same  species  ;  but  as  I  have  been  unable  to  find  any  avicularia  in 
these,  both  from  Yarra-Yarra  and  Mount  Gambier,  the  point  can- 

not be  decided  with  certainty.  In  the  specimens  figs.  10,  11,  how- 
ever, I  find  a  small  wide  avicularium,  as  in  larger  fistulosa,  with 

which  these  must  therefore  be  united.  The  shape  of  these  last 
resembles  that  of  C.  Johnsoni,  which  is  the  C.  mavginata,  Reuss 
(Tert.  Wien,  p.  59,  pi.  vii.  fig.  29,  not  28) ;  and  I  have  slender 
C.  Johnsoni  from  off  Raton  (New  Guinea)  resembling  figs.  10,  11 
in  all  except  the  avicularium,  which  is  the  large  rounded  one  with 
which  we  are  already  acquainted  in  0.  Johnsoni. 

In  fig.  11  we  have  an  interesting  specimen,  as  showing  how  very 
slender  they  may  sometimes  be;  this  has  only  one  longitudinal 
row  of  cells  on  each  of  the  four  faces.  In  specimens  from  Mount 
Gambier,  like  my  fig.  12,  I  have  occasionally  found  in  the  oral 
aperture  two  teeth  above  and  two  teeth  below,  and  in  the  ovarian 
openings  sometimes  one  set  of  teeth,  sometimes  two  ;  but  these 
cannot  be  looked  upon  as  constant  characters,  and  lead  us  to  think 
that  C.  crassa  must  be  considered  a  doubtful  species ;  or  perhaps 
two  species  are  represented,  seeing  that  avicularia  of  two  kinds 
are  figured.  I  also  sometimes  find  in  the  recent  G.  Johnsoni,  from 
Rapallo,  two  such  teeth  in  the  upper  part  of  the  aperture,  as  well  as 
the  two  below. 

Pig.  1  shows  that  the  joints  of  this  specimen  were  attached  by  nu- 
merous horny  tubes.  In  recent  C.  tenuirostris  and  C.  malvinensis  the 

joints  are  usually  thus  attached ;  but  this  is  not  the  case  inC.  fistulosa ; 
but  in  specimens  of  C.  Johnsoni,  from  Rapallo,  there  are  sometimes, 
though  not  usually,  several  such  connecting  tubes.  This  leads  us 
to  the  consideration  of  these  joints  ;  for  when  a  stem  divides  and 
two  new  branches  are  formed,  the  calcareous  wall  is  continuous, 
and  in  some  the  branches  are  already  large  (perhaps  throwing  out 
fresh  branches)  before  this  calcareous  wall  is  broken  through.  Of 
specimens  I  examined,  I  found  this  calcareous  structure  remained 
continuous  longest  in  C.  Johnsoni,  but  scarcely  at  all  in  C.  gracilis, 
while  C.  fistulosa  occupied  a  mean  position ;  but  much  might  de- 

pend upon  the  sea  in  which  each  specimen  grew,  as  jointed  structure 
in  this  and  other  genera  must  be  looked  upon  as  an  adaptation  to 
moving  water.  In  fossil  specimens  from  the  Pliocene  &c.  perma- 

nent ankylosis,  as  already  pointed  out  by  Busk  and  Hincks,  is 

frequent.    I  'am  not  inclined  to  think  that,  as  a  rule,  articulation 
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can  be  made  a  basis  of  generic  classification ;  and  perhaps  at  some  time 
the  geological  record  may  show  us  that  jointed  forms  are  all  derived 
from  unjointed  ones. 

Log.  Living,  widely  distributed.  Fossil :  Mount  Gambier,  com- 
mon ;  arid  also  from  the  Miocene  and  Pliocene  of  Europe ;  but  as  we 

caunot  be  quite  sure  from  the  descriptions  of  Reuss  and  others  that 
Salicornaria  farciminoides  does  not  include  other  species,  it  is  best 
to  refrain  from  giving  localities. 

10.  Cellaria  malvijstensis,  Busk.    Plate  XIV.  fig.  3. 

Salicornaria  malvinensis,  Busk,  Mar.  Poly.  p.  18,  pi.  lxiii.  figs.  1,  2. 
The  zoarium  is  about  the  same  size  as  Cellaria  jistulosa,  fig.  1; 

sometimes  the  cells  are  hexagonal,  at  others  more  acute  above  and 
below  ;  an  acute  avicularium  replaces  a  zocecium.  The  front  of  the 
zocecium  is  very  much  depressed,  being  surrounded  by  a  raised  bor- 

der :  distal  edge  of  the  oral  aperture  rounded,  contracted  above,  so 
as  to  suggest  a  subtriangular  shape ;  proximal  edge  curved  inwards, 
with  a  small  tooth  at  each  side. 

Log.  Living :  Falkland  Island,  South  Patagonia  {Darwin).  Fossil : 
Mount  Gambier,  common  (Lond.  Geol.  Soc.  coll.     Eth.  coll.). 

11.  Cellaria  ovicellosa,  Stol.    Plate  XIY.  figs.  4,  5,  6 :  Plate 
XYII.  fig.  62. 

Salicornaria  ovicellosa,  Stol.  Foss.  Bry.  Orak.  p.  151,  pi.  xx. 
figs.  9,  10. 

From  Yarra-Yarra  I  have  several  small  fragments  ;  and  in  some 
there  is  a  rim  round  the  cell,  as  figured  by  Stoliczka,  and  in  others 
it  is  plain,  as  in  fig.  4.  The  most  interesting  specimen  is  one  in  the 
possession  of  Miss  Jelly  (fig.  62),  which  shows  the  great  range  of 
variation  and  the  great  difficulty  in  determining  species  on  the 
characters  generally  used — as,  for  instance,  the  mouth  varies  in  posi- 

tion in  the  fertile  and  unfertile  cells,  and  the  zoarium,  in  this  case, 
is  quite  thin  (as  in  fig.  4)  in  the  upper  and  lower  parts ;  but  in  the 
middle  the  diameter  is  more  than  twice  as  great,  and  in  this 
thicker  part,  where  the  cells  are  fertile,  there  are  very  large  acute 
raised  avicularia  above  the  zocecium,  occupying  nearly  as  much 
space  as  the  zocecium.  Fig.  5  shows  the  position  of  the  distal 
rosette  plates,  which  are  not  quite  in  the  centre  of  the  zoarium. 
Fig.  6  shows  the  two  lateral  plates  on  each  wall. 

This  is  evidently  very  closely  related  to  Cellaria  tenuirostris 
(especially  var.  a)  of  Busk,  from  Bass's  Strait,  Tasmania,  Florida, 
&c. ;  but  it  differs  in  having  the  upper  part  of  the  avicularium  much 
projecting,  and  the  rim  is  regular  instead  of  being  raised  at  the  two 
sides. 

Loc.  Orakei  Bay,  New  Zealand  (St.);  Mount  Gambier  (Lond. 
Geol.  Soc.  coll.). 

12.  Cellaria  globulosa,  sp.  nov.    Plate  XIY.  figs.  16,  17. 

Zoarium  consisting  of  joints,  from  the  top  of  which  arise  two 
similar  joints  connected  with  the  first  by  corneous  tubes ;  internodes 
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short,  laterally  subcircular,  compressed.  Zocecia  quincuncially  ar- 
ranged, hexagonal ;  oral  aperture  arched  above,  lower  lip  straight, 

with  two  distinct  denticles,  aperture  placed  one  third  the  length  of 
the  area  from  the  top  ;  zocecial  area  slightly  depressed. 

This  differs  from  Cellaria  (Escham)  aspasia,  d'Orb.  (Pal.  Fr. 
p.  132,  pi.  delxvii.  figs.  14,  16),  in  having  the  cells  distinctly  hexa- 

gonal instead  of  spatuliibrm,  and  from  Melicerita  angustiloba,  Busk, 
in  having  the  cells  arranged  quincuncially  instead  of  in  transverse 
rows;  consequently  the  distal  borders  are  straight  and  in  con- 

tact in  G.  globulosa,  while  the  lateral  borders  are  straight  in 
M.  angustiloba,  B. 

Erom  specimens  I  have  seen  from  Mount  Gambier,  Melicerita 
angustiloba  certainly  seems  to  be  a  jointed  species,  and  should  be 
united  to  Cellaria,  The  genera  Melicerita  and  Escliarinella  are 

separated  by  d'Orbigny  in  consequence  of  the  first  having  the  cells 
transverse,  while  they  are  quinciiDcial  in  the  second.  Latereschara 
was  also  divided  from  Eschara  on  the  same  grounds. 

Mr.  Vine  has  in  his  possession  a  node  from  this  locality,  which  is 
very  irregular  and  elongate. 

13.  Cauda  fossilis,  sp.  nov.    Plate  XYI.  figs.  51,  52. 

Cells  biserial ;  aperture  elongate,  rounded  above,  contracted  below ; 
upper  margin  recedent,  with  a  spine  on  each  side.  Surface  granu- 

lated. An  avicularium  (or  spine)  on  the  inner  side  of  each  zocecium, 
placed  about  one  third  of  the  length  of  the  zocecium  from  the  top. 
On  the  side  a  large  pore  for  tubular  fibre,  above  which  is  a  vibra- 
culum  ;  on  the  dorsal  surface  cells  arranged  diagonally. 

This  much  resembles  Canda  arachnoides,  Lamx.,  but  differs  in 
having  a  smaller  aperture,  and  in  the  pieces  found  there  is  no 
median  avicularium  ;  but  possibly  this  may  exist,  as  the  diagnosis  is 
based  on  a  few  small  fragments.  In  C.  arachnoides  the  cells  on  the 

dorsal  surface  are  parallel  with  the  median  line.' 
Loc.  Mount  Gambier  (Lond.  Geol.  Soc.  coll.). 

14.  Cabeeea  etjdis,  Busk?.    Plate  XVIII.  fig.  86. 

Oaberea  rudis,  Busk,  Cat.  Mar.  Polyz.  p.  38,  pi.  xlvi. 
Zocecia  elongate,  oblong ;  aperture  elliptical,  occupying  about  one 

half  of  the  front  of  the  zocecium;  area  sloping  inwards,  very  minutely 
granular ;  a  spine  on  each  side  at  the  top  of  the  aperture,  and  a  small 
opening  (spinous  or  radicular)  beyond  the  rim  of  the  area;  a  small 
avicularium  on  one  side  below  the  area.  So-called  operculum  large, 
entire,  elliptical.  Ovicel]  much  raised,  opening  arched,  rather  flat- 

tened in  front,  with  a  line  round  the  flat  region.  A  small  avicu- 
larium on  one  side  near  the  top  of  the  ovicell. 

The  fragment  only  consists  of  one  row  of  cells ;  and  therefore  it  is 
impossible  to  be  quite  sure  of  the  determination  ;  but  if  not  rudis,  it 
approaches  very  closely  to  it,  and  the  vibracula  apparently  cor- 
respond. 

The  preservation  of  the  operculum  in  so  fragile  a  specimen  was 



BRYOZOA  FROM  S.W.  VICTORIA,  AUSTRALIA. 323 

surprising  ;  but  I  have  also  a  specimen  of  Caber ea  from  Mount 
Gambier  with  all  the  operculum  remaining. 

Loc.  0.  ruclis  is  found  in  Bass's  Strait  (B.). 
15.  Membranipora  lineata,  L. 

I  have  a  small  fragment  of  Membranipora  consisting  of  two  elon- 
gated cells  with  large  area,  with  an  acute  avicularium  above  the 

cell,  with  beak  pointing  downwards,  about  sixteen  large  spines 
round  the  cell,  and  two  smaller  ones  just  above  the  border  on  the 
distal  extremity.  This  seems  to  vary  from  the  living  lineata  only 
in  having  more  spines ;  but  from  so  small  a  fragment  it  is  impos- 

sible to  speak  with  certainty. 

16.  Membranipora  catenularia,  Jameson. 

For  syn.  see  Hincks's  Brit.  Polyz.  p.  134. 
The  specimens  are  small,  consisting  of  only  a  few  cells,  but  cor- 

respond exactly  with  recent  specimens  I  have  from  the  Semaphore, 
Adelaide,  Australia. 

Living:  Northern  seas,  Brit.,  Medit.,  Canada,  Australia.  Fossil : 
Pliocene  of  England  and  Italy. 

17.  Membranipora  cylinb-rlformis,  sp.  nov.    Plate  XVII.  fig.  74. 
Zoarium  cylindrical.  Zocecia  not  distinctly  separated ;  area  con- 

tracted above,  expanded  below,  filled  in  for  about  a  third  of  its 
length  with  a  calcareous  granular  lamina.  Aperture  subcircular, 
flattened  below,  margin  much  raised  ;  oral  spines,  two  large  and  two 
small  ones ;  small  acute  triangular  avicularium  above  the  area,  and 
larger  more  elevated  ones  below  placed  transversely. 

From  the  material  marked  "Yarra  Yarra"  I  have  only  found  a 
small  piece  ;  but  from  Mount  Gambier  I  have  larger  cylindrical  pieces. 
The  form  of  the  zocecia  is  very  similar  to  that  of  M .  Flemingii. 

Loc.  Mount  Gambier  (Loncl.  Geol.  Soc.  coll.  and  Eth.,  fun.,  coll.). 

18.  Membranipora  macrostoma,  Ess.  (in  Vincularice  forma).  Plate 
XIV.  figs.  18,  19. 

Cellaria  macrostoma,  Ess.  Foss.  Polyp,  d.  "Wiener  Tert.  p.  64, pi.  viii.  figs.  5,  6. 
Biflustra  macrostoma,  Ess.  Die  foss.  Anth.  u.  Bry.  der  Sch.  von 

Crosaro,  p.  274  (62),  pi.  xxxiii.  figs.  12,  13 ;  Ak.  Wien,  vol.  xxix. 
?  Biflustra  papillata,  Stol.  Foss.  Bry.  Orak.  p.  154,  pi.  xx, 

figs.  14,  14a. 

Flustrellaria  macrostoma,  Manzoni,  I  Brioz.  foss.  del  Mioc.  d' Aus- 
tria ed  Ungh.  p.  67  (19),  pi.  xiii.  fig.  46  ;  Ak.  Wien.  vol.  xxxvii. 

Zoarium  subcylindrical,  or  much  compressed,  a  number  of  vari- 
cells.  Zocecium  distinct,  with  a  well-marked  border.  Aperture 
elongate  oval,  occupying  nearly  the  whole  of  the  front  of  the  cell ; 
sides  of  the  area  folded  inwards,  so  that  the  aperture  is  in  a  deep 
depression.  Small  raised  avicularia  above  the  zocecium  in  a  hori- 

zontal or  diagonal  position.  Distal  rosette  plates  two,  near  the  front 
of  the  distal  wall. 
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Aperture  0*46  millim.  long. 
Loc.  Oligocene  (Bartonian),  Val  di  Lonte  (Rss.),  Brendola,  Colle 

Berici,  Ferrara  di  Monte  Baldo  (A.-W.-\V.  coll.) ;  Miocene,  Nussdorf 
(Manzoni),  Orakei  Bay  (JStol.),  Mount  Gambier (Lond.  Geol.Soc.  coll.). 

19.  Membkanipoea  arotts,  d'Orb.  (in  Vincularice  forma).  Plate XIV. 
figs.  20,  21.  - 

Vincularia  argus,  d'Orb.  Pal.  Franc,  p.  253,  pi.  dclxxxix. 
figs.  1-4. 

Zoarium  erect,  slightly  compressed.  Zocecia  quincuncially  ar- 
ranged in  longitudinal  lines,  distinct,  irregularly  hexagonal,  con- 
tracted below,  not  raised  above  the  general  surface.  Aperture  oval, 

occupying  about  one  third  of  the  zocecium.  Two  distal  rosette 
plates  near  the  centre  of  the  distal  wall ;  lateral  rosette  plates 
several  close  together  (fig.  20,  a). 

This  differs  from  M.  macrostoma  in  having  a  very  much  smaller 
aperture,  which  is  not  in  so  deep  a  depression.  The  aperture  is 
0-31  millim.  long. 

Loc.  Cretaceous,  Meudon  (cVOrb.). 

20.  Membranipora  concameeata,  sp.  nov.  (in  Vincularice  forma). 
Plate  XIV.  figs.  22,  23. 

Zoarium  slender,  erect,  hexagonal  in  section,  dividing  dichoto- 
mously,  about  0*5  millim.  in  diameter.  Zocecia  in  longitudinal 
lines  quincuncially  arranged,  distinct,  with  raised  border,  concave, 
elongate,  contracted  slightly  below ;  border  much  raised  above  the 
aperture,  forming  a  raised  arch.  Aperture  oval,  occupying  from  one 
third  to  one  quarter  of  the  length  of  the  zocecium.  Zocecial  avicu- 
larium  at  the  junction  of  each  branch.  One  distal  rosette  plate 
near  the  centre  of  the  zoarium  (fig.  23)  ;  two  lateral  rosette  plates 
(fig.  22,  a). 

This  is  the  most  common  fossil  in  the  material,  and  much  resem- 

bles Vincularia  gracilis,  d'Orb.,  from  the  White  Chalk  of  France, 
but  differs  in  being  smaller  and  having  a  smaller  aperture,  and 
having  six  cells  in  a  series  instead  of  eight ;  but  we  now  know  that 
this  last  is  not  an  important  difference  ;  perhaps  the  two  should  be 
considered  varieties  of  one  species. 

Aperture  0*14  millim.  long. 

21.  Membranipora  ltjsoeta,  sp.  nov.  (in  Vincularice  forma).  Plate 
XIV.  fig.  14  ;  Plate  XVIII.  fig.  82. 

Zoarium  cylindrical,  jointed,  dichotomously  dividing.  Zocecia 
suboval,  rounded  above,  contracted  below,  distinct,  surrounded  with 
an  elevated  margin  raised  above  the  aperture.  Aperture  large,  about 
one  third  the  length  of  the  zocecium,  oblong,  rounded  at  the  corners, 
contracted  towards  the  middle.  Very  large  elevated  zocecial  avicu- 
laria  directed  downwards,  with  acute  mandible. 

Aperture  0*2  millim.  long,  0-11  wide. 
The  form  of  the  cell  suggests  a  battledore,  or,  better,  snow-shoes ; 

and  therefore,  finding  some  difficulty  in  giving  a  distinctive  name  not 
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employed  in  this  or  neighbouring  genera,  I  have  allowed  myself  to 
stretch  a  point  in  choosing  a  name.  This  would  belong  to  Nellia  of 
Busk ;  but  that  is  a  genus  which,  as  denned,  cannot  possibly  be 
maintained,  and  the  present  species  with  zocecial  avicularia  shows 
how  unsatisfactory  a  character  the  absence  or  presence  of  avicularia 

is.  Nellia,  Busk,  is  almost  synonymous  with  Quadricellaria,  d'Orb. 
This  is  very  closely  allied  to  Nellia  simplex,  Busk,  from  Prince  of 

Wales's  Channel,  Torres  Strait ;  the  aperture  in  that  case,  however,  is 
0-5  millim.  long  and  a  regular  ellipse,  while  in  M.  lusoria  it  is  only 
0*25  millim.  long.  Fig.  14  was  drawn  from  a  worn  specimen  with- 

out avicularia,  before  I  had  seen  the  one  figured  as  82 ;  and  then 
I  could  not  make  out  all  the  structure. 

22.  MEiiBRANiPORA  maorica,  Stol.  (in  Vincularia}  forma).  Plate  XIV. 
fig.  9. 

Vincularia  maorica,  Stol.  Foss.  Bry.  Orak.  p.  153,  pi.  xx.  fig.  8. 
Vincularial  maorica,  Hutton,  on  some  Austral.  Polyz.  p.  23, 

Eep.  K.  Soc.  Tasmania,  1877. 
Vincularia  maorica,  T.  Woods,  "  Corals  &  Bryozoa  of  the  Neozoic 

period  in  New  Zealand,"  Palaeont.  of  New  Zeal.,  Col.  Mus.  &  G.  S. 
Dept.  1880,  p.  27. 

Zoarium  erect,  with  six  cells  in  a  series,  or,  thickening  out,  in 
places  there  are  eight.  Zocecia  with  a  raised  border,  rounded,  with 
a  tendency  to  be  hexagonal,  calcareous,  front  of  the  zooecia  de- 

pressed, two  tubercles  above  each  zocecium.  Aperture  (usually 
rather  larger  than  figured)  slightly  trifoliate,  distal  edge  rounded, 
and  proximal  edge  straight.  Avicularia  large,  occupying  the  place 
of  a  zocecium.  Two  round  rosette  plates  near  the  middle  of  the 
distal  wall.    (In  the  same  position  as  shown  in  fig.  21.) 

It  is  evident,  from  the  description  and  the  figure  of  the  section, 

that  Stoliczka's  specimen  was  somewhat  worn ;  and  in  such  a  case 
the  cells  would  assume  an  entirely  hexagonal  form.  The  presence 
of  the  tubercles  is  indicated  in  his  figure  of  the  section.  The  avicu- 

laria are  the  same  as  those  so  common  in  many  of  the  fossil  Mem- 
braniporce—foY  example,  M.  angulosa,  Rss.  (see  my  figure  in  Bry.  of 
Bay  of  Naples,  pi.  xiii.  fig.  3,  Ann.  &Mag.  Nat.  Hist.  s.  5,  vol.  iii.); 
and  it  is  interesting  to  find  this  with  a  distinctly  Yincularian  mode 
of  growth.  Smitt,  when  he  broke  up  the  old  genera  Lepralia  and 
Eschara,  indicated  the  colonial  form  by  adding  "  Lepralia- ,  Eschar a-, 
or  Hemescliara-iormsb " ;  and  we  may  further  extend  the  principle 
by  speaking  of  Vincularia-iorma, :  thus  the  form  of  cell  and  the 
eneric  relationship  will  be  shown,  together  with  the  mode  of 
rowth. 

Loc.  Living,  Tasmania  (Hutton).  Fossil :  Orakei  Bay  ;  Hutchin- 
on's  Quarry,  Oamaru  (New  ZeaL) ;  Upper  Eocene  of  New-Zealand 
eologists. 

3.  Membranipora  geminata,  sp.  nov.    Plate  XYI.  fig.  55. 
I  have  only  found  a  small  fragment  of  this  ;  but  it  seems  to  be 
branching  form,  with  two  cells  diagonally  to  oue  side,  followed  by 
Q.  J.  G.  S.  No.  147.  z 
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two  cells  turned  towards  the  other  side.  Area  an  irregular  oval,  with 
margin  thickened,  much  raised,  surrounded  by  numerous  spines. 

24.  MlCEOPOEA  PATULA,  Sp.  UOV. 

Zocecia  distinct,  divided  by  a  scarcely  raised  thin  border,  sub- 
quadrangular,  finely  granulated  with  small  pores,  more  numerous 
round  the  edges ;  distal  portion  of  the  zocecium  much  depressed, 
raised  above  the  distal  edge  of  the  aperture  and  forming  a  hood  over 
it.  Oral  aperture  rounded  above,  straight  below,  with  a  much  raised 
lip  or  rim. 

Aperture  025  millim.  wide,  0*14  long. This  has  some  resemblance  to  Vmcidaria  hinotata  and  cucullata  of 
Reuss  and  Manzoni ;  but  the  fragment  is  so  small  that  we  do  not 
know  if  it  grew  in  the  Vincidaria-tovm.  The  mouth  is  much  larger ; 
and  also  the  zocecial  border  is  less  distinct. 

Loc.  Fossil :  Mount  Gambier  (Lond.  Geol.  Soc.  coll.). 

25.  Ceibeillina  teeminata,  sp.  nov.    Plate  XVII.  fig.  68. 

Zoarium  in  the  Hemescliara-ioYm.  Zocecia  but  very  slightly  raised, 
the  plain  borders  of  neighbouring  zocecia  nearly  confluent,  so  that 
the  divisions  of  the  zocecia  are  scarcely  visible;  cribriform  area 
somewhat  depressed,  the  large  pores  concentrically  arranged.  Oral 
aperture  rounded  on  the  distal  edge,  straight  on  the  proximal,  con- 

tracted below.  Small  rounded  avicularium  above  the  aperture, 
a  small  one  immediately  below,  a  little  to  one  side,  and  a  small  one 
on  each  side,  just  below  the  line  of  the  aperture. 

Oral  aperture  0*13  millim.  wide  at  base,  0*17  at  widest  part, 
0-13  long. 

This  seems  to  have  much  in  commou  with  Lepralia  scutulata. 
Busk  (Q.  J.  M.  S.  vol.  iii.  1855,  pi.  ii.  figs.  1,  2) ;  and  it  is  difficult 
to  know  where  it  should  be  placed,  as  the  pores  do  not  seem  to  show 
any  radial  structure,  and  the  aperture  is  contracted  below,  having 
the  same  shape  as  the  oral  aperture  of  Diporula  verrucosa.  It  also 
has  many  points  in  common  with  C.  punctata,  and  is  one  of  those 
types  which  appear  to  be  connecting  links  between  widely  separated 
forms. 

26.  Ceibbillina  dentipoe,  sp.  nov.  (in  Bactridii  forma).   Plate  XV. 
fig.  33. 

Zoarium  erect,  with  zocecia  only  on  the  front ;  zocecia  growing 
from  the  side  near  the  distal  end  of  the  zocecium  below,  the  axis  of 
each  zocecium  being  thus  diagonal  to  each  of  its  neighbours.  Zocecia 
with  a  large  raised  cribriform  area,  the  pores  being  placed  concen- 

trically, each  pore  with  a  denticle  pointing  away  from  the  centre  of 
the  area.  Oral  aperture  semicircular,  with  a  straight  proximal 
edge,  0*14  millim.  wide.  A  small  avicularium  directed  outwards 
on  each  side  of  the  aperture.  Dorsal  surface  with  a  central  groove, 
and  smaller  depressions  on  each  side. 

The  fragments  are  small,  and  not  sufficient  to  found  a  new  genus 
upon,  which  may  possibly  be  necessary  when  large  pieces  are  found ; 
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for  the  zooecia  originating  at  the  side  is  an  important  characteristic. 
The  form  of  the  cell,  however,  very  closely  resembles  that  of  Cri- 

brillina terminata  (fig.  68) ;  and  by  the  present  designation  we,  at 
any  rate  provisionally,  show  the  zocecial  relationship  and  the  mode 
of  the  zoarial  growth.  After  finding  that  Schizoporella  pliymatopora 
(fig.  32)  showed,  when  broken,  a  structure  like  Bactridium,  I  re- 

examined the  present  fragments,  which,  however,  seem  to  belong  to 
a  form  with  cells  on  one  side  only,  growing  erect  with  only  one 
series  of  cells.  The  British-Museum  specimen  of  Lepralia  monoceros? 
Busk,  shows  that  the  pores  in  that  species  also  are  provided  with  a 
denticle ;  but  in  that  case  the  denticles  are  irregular. 

27.  Cribrillina  suggkerens,  sp.  nov.    Plate  XVII.  fig.  75. 

Zoarium  in  Eschar  a-ioim,  consisting  of  two  layers  of  cells  grow- 
ing back  to  back.  Zooecia  oval,  distinct,  quincuncially  arranged,  with 

a  double  row  of  from  twelve  to  fourteen  erect  tubular  projections 
on  the  front,  and  a  smaller  row  on  the  side,  and  some  smaller  ones 
in  the  central  area ;  large  pores  between  the  tubes.  Oral  aperture 
small,  semicircular,  with  straight  proximal  edge ;  in  one  case  two 
curved  irregular  spines  form  a  sort  of  arch  over  the  aperture.  A 
short  triangular  avicularium  above  the  aperture  on  one  side.  Two 
oblong  lateral  rosette  plates,  one  oblong  distal  plate. 

Proximal  edge  of  aperture  0*06  millim.  wide. 
This  is  a  most  curious  and  instructive  form,  in  which  we  are  at 

the  outset  met  by  a  difficulty  as  to  its  generic  position ;  for,  looking 
at  the  aperture,  we  find  it  might  belong  to  Cribrillina  or  Mucronella. 
With  the  latter,  however,  in  other  respects  there  is  little  in  common ; 
but  with  Cribrillina  we  find  the  radiating  character  of  the  pores, 
and,  although  no  known  species  has  such  a  bristling  surface,  yet  in 
C.  Gattyce,  C.  cribrosa,  Hell.  *,  C.  figularis,  &c.  there  is  a  row  of 
slightly  raised  pores  round  the  edge  of  the  cribriform  area. 

These  very  curious  prominent  tubes  (about  0*07  millim.  high) 
naturally  lead  to  the  consideration  of  the  signification  of  the  pores 
and  of  avicularia ;  for  may  not  avicularia  have  originated  in  such 
tubes  having  covers?  and  we  may  again  ask,  is  the  function  of 
these  tubes  different  from  that  of  the  pores  which  we  almost  univer- 

sally find  on  the  surface  of  the  Bryozoa  ?  The  physiological  signi- 
fication of  these  pores  is,  perhaps,  not  sufficiently  appreciated ;  and 

therefore  a  moment's  digression  is  necessary,  as  we  may  thus  have 
the  record  even  in  fossils  of  physiological  structure.  When  a  recent 
cell  is  decalcified,  the  membrane  remaining  shows  small  disks  where 
the  calcareous  pore  has  been,  and  a  spot  in  the  centre  of  this  disk 
further  shows  that  to  each  one  a  thread  of  the  endosarc  has  extended ; 
so  now  we  see  that  oxygenation,  or  a  similar  vitalizing  change,  takes 
place  by  means  of  the  communication  with  the  exterior  through  these 
pores.  The  front  of  a  cell,  however,  frequently  becomes  covered 
with  mud  or  organic  growth  ;  and  in  such  cases  raised  tubes  might 
be  of  great  advantage  in  the  economy  of  the  colony :  and  if  these 

*  See  ray  fig.  4.  pi.  ix.  in  Bry.  of  Naples  (Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  iii.  1879),  to  which  I  have  now  to  make  addition. 

z2 
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are  provided  with  a  lid  or  "beak,"  they  may  still  longer  render 
assistance  to  the  colony ;  for  the  polypide  of  a  cell  may  be  dead, 
and  the  cell  itself  covered  with  mud,  but  yet  the  zoarium  may  be 
living,  and  under  favourable  circumstances  a  new  polypide  may 
grow  in  this  very  zooecium. 

Modifications  may  take  place,  and  the  avicularia  become  highly 
differentiated,  until  we  find  them  occupying  the  place  of  a  zooecium 
and  of  equal  individual  value  with  the  zooecia.  Tracing  it  thus 
from  below  instead  of  from  above,  as  is  usually  attempted,  we  get 
a  much  more  reasonable  explanation  of  the  origin  and  function  of 
the  avicularia;  for  certainly  when  we  find  very  minute  avicularia 
on  the  root,  and  on  the  back  of  the  zoarium,  besides  large  numbers  on 
the  front  of  the  cell,  the  prehensile  theory  seems  utterly  to  fail ;  and 
although  the  present  idea  requires  further  development,  yet  the 
examination  of  living  forms  seems  to  furnish  much  to  support  it. 

Smitt  points  out  that  in  Nellia  oculata,  B.,  the  papilliform  pro- 
cesses are  avicularia,  sometimes  with  and  sometimes  without  covers 

(mandibles) ;  and  we  are  constantly  meeting  with  similar  instances. 
Mr.  Hincks  has  kindly  furnished  me  with  an  advance  plate  and 

description  of  Oribrillina  tuhulifera,  Hincks  (see  Ann.  Nat.  Hist., 
July  1881,  p.  8,  pi.  i.  fig.  7),  to  which  the  present  is  closely  related. 
The  only  important  difference  seems  to  be  the  relative  size  of  the 
oral  aperture,  which  is  very  small  in  the  fossil.  The  specimen  now 
described  is  very  small ;  and  it  is  to  be  hoped  that  a  larger  specimen 
may  be  found,  upon  which  the  affinities  can  be  more  exactly  studied. 

28.  Mtjcronella  mtjcronata,  Sm.    Plate  XVII.  fig.  66. 

LJscharipora  mucronata,  Smitt,  Floridan  Bryozoa,  p.  24,  pi.  v. 
figs.  113-115. 

?  Eschar  a  Liversidgei,  T.  Woods,  "  On  some  Tertiary  Australian 
Polyzoa,"  Tr.  Roy.  Soc.  New  S.  Wales,  1876,  p.  3,  figs.  11,  12,  13. 

Zooecia  obscure,  slightly  elevated ;  aperture  rounded  above,  straight 
below,  with  a  mucro  or  broad,  flat,  plate-like  expansion  in  front  of 
the  proximal  edge ;  on  the  front  of  the  zooecia  usually  five  large 
pores  partially  closed  by  a  large,  simple  or  bifurcate  denticle,  some- 

times only  three  or  four  large  pores,  when  there  is  usually  a  small 
rudimentary  pore.  Angular  avicularia  at  the  sides  of  the  zooecia  ; 
the  two  are  usually  unequal  in  size  ;  a  minute  avicularium  in  the 
aperture.  Probably  incrusting  or  Hemeschara-form,  from  Yarra- 
Yarra.    Aperture  0*23  mm.  wide. 

In  the  Mount-Gambier  specimens  in  the  Lond.  Geol.  Soc.  collec- 
tion there  are  usually  only  three  pores,  but  sometimes  four  or  five  ; 

and  although  the  avicularia  are  not  so  distinct,  and  were  not  figured 
or  described  by  Mr.  Woods,  yet  they  are  to  be  seen  at  the  sides  of 
the  zooecia. 

Loc.  Living  :  W.  off  Tortugas,  Florida.  Fossil :  Mount  Gambier 
(Woods  and  Lond.  Geol.  Soc.  coll.). 

29.  Mtjcronella  dtjplicata,  sp.  nov.    Plate  XVI.  fig.  54. 

The  fragment  is  small ;  but  some  characters  are  shown  which  are 
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important,  and  by  which  it  may  be  recognized  again  should  it  be 
found  elsewhere. 

The  aperture  is  orbicular,  with  a  mucro  turning  inwards  over  the 
aperture.  On  each  side,  below  the  aperture,  there  is  a  large  avicu- 
larium,  also  one  on  each  side  two  thirds  of  the  distance  from  the 
next  aperture.  Above  the  aperture  there  is  a  raised  area  with  a  flat 
surface,  apparently  an  ovicell.  Above  the  ovicell  and  down  the  sides 
of  the  zocecium  there  is  a  row  of  large  pores. 

The  peculiar  flatness  of  the  ovicell  is  not  shown  in  the  drawing. 
A  specimen  sent  over  to  the  British  Museum  by  Mr.  Hutton  from 

New  Zealand,  marked  and  mentioned  in  his  catalogue  as  Lepralia 
variolosa,  seems  to  be  this  species.  In  the  recent  species  the  ovicells 
have  a  small  umbo,  and  there  is  not  a  second  pair  of  avicularia 
guarding  the  ovicells  ;  but  the  position  of  the  upper  avicularia  is 
the  same,  and  the  shape  is  similar.  M.  duplicate  also  occurs  from 
Mount  Gambier  (Lond.  Geol.  Soc.  coll.)  with  the  zoarium  erect,  cy- 

lindrical, with  one  cell  turned  in  each  direction. 

30.  Mucrokella  elegans,  Macg.,  var.  ?    Plate  XVIII.  fig.  91. 

?  Eschara  elegans,  Macgillivray,  "  Austr.  Poly."  Trans.  Roy.  Soc. 
Vict.  pt.  ii.  vol.  ix.  1869,  p.  138. 

Zooecia  quadrate,  surface  finely  granular  with  pores,  except  just 
below  the  aperture,  a  round  avicularian  pore  immediately  below  the 
aperture.  Oral  aperture  rounded  on  the  distal  edge,  the  proximal 
edge  arched,  forming  a  lip,  a  minute  denticle  on  each  side  of  the 
mouth  immediately  above  the  angles.  Aperture  0*17  mm.  wide  ; 
O'l  long  from  the  top  of  the  lip  to  the  distal  end  of  the  aperture. 

Only  tAvo  cells  are  preserved  ;  and  therefore  it  is  impossible  to  be 
sure  of  even  the  generic  position  of  the  specimen  ;  but  it  is  evidently 
related  to  the  species  from  Queenseliff  and  Portland  Bay,  described 
by  MacGillivray  as  Eschara  elegans,  a  name  that  should  not  have  been 
given,  as  there  is  already  E.  elegans  of  Milne-Edwards.  In  E.  elegans, 
MacG.,  no  suboral  avicularia  are  mentioned ;  but  according  to  Mac 
Gillivray  avicularia  are  sometimes  situated  at  the  side  of  the  mouth. 

31.  Microporella  violacea,  Johnst.,  var.  fissa.   Plate  XV.  fig.  26 ; 
Plate  XVII.  fig.  73. 

Microporella  fissa,  Hincks,  "  Contr.  Gen.  Hist,  of  Mar.  Poly.,' 
Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vol.  vi.  no.  xxxv.,  Nov.  1880,  p.  381, 
pi.  xvii.  fig.  4. 

Zoarium  in  Eschara-form,  flat,  compressed.  Zooecia  pyriform 
or  oval,  much  raised,  surrounded  by  a  row  of  pores,  or  in  old  and 
worn  cells  covered  with  pores  ;  a  raised  protuberance  on  each  side  of 
the  zocecium  a  little  lower  than  the  oral  aperture;  an  avicularium 
immediately  below  the  aperture,  sometimes  turned  to  the  right,  some- 

times to  the  left ;  immediately  below  the  avicularium  there  is  a  deep 
depression,  and  the  opening  of  this  depression  seen  from  the  interior 
is  found  to  be  an  elongated  denticulate  pore  (see  fig.  73).  Oral 
aperture  rounded  on  the  distal  edge,  straight  on  the  proximal,  0*07 mm.  wide. 

It  will  be  seen  that  this  resembles  the  form  of  M.  violacea  called 
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plagiopora,  from  the  Crag,  but  differs  in  having  an  elongate  pore ; 
Escharipora  trifora,  Boem.,  from  Sollingen,  belongs  to  one  of  these 
forms.  The  old  basal  cells,  where  the  oral  aperture  is  obliterated, 
show  a  central  depression  for  the  pore  and  avicularium ;  and  the 
whole  cell  stands  out  in  a  mamillated  manner. 

I  have  one  specimen  in  which  all  the  zocecia  are  very  much 
swollen  on  one  side  without  any  protuberance  on  the  other ;  and 
in  the  same  specimen,  at  the  lower  part  of  the  avicularium,  there  are 
three  openings,  by  which  the  mandible  was  probably  attached. 

Log.  Specimen  in  the  Geol.  Soc.  coll.  from  Mount  Gambier :  but 
from  this  alone  the  detail  could  not  have  been  worked  out.  Living  : 
Indian  Ocean  (B.). 

32.  Microporella  eerrea,  sp.  nov.    Plate  XYII.  fig.  72. 

Zoarium  erect,  in  EscJiara-foYm,  compressed,  few  cells.  Zocecia 
indistinct,  slightly  raised  round  the  oral  aperture,  depressed  towards 
the  centre,  with  a  median  pore.  Oral  aperture  rounded  on  the  distal 
edge,  contracted  towards  the  proximal  edge,  which  is  straight,  thus 
having  the  shape  of  a  circle  with  the  lower  third  cut  off.  Small, 
erect,  oral  avicularia  in  the  aperture,  in  one  row  on  the  right,  in  the 
next  on  the  left ;  small  avicularia  and  large  pores  round  the  raised 
portion  surrounding  the  aperture ;  large  zooecial  avicularia  on  the 
side  of  the  zoarium,  with  the  opening  looking  downwards.  Oral 
aperture  0-14  mm.  at  proximal  edge,  0*18  at  widest  part,  0*14  mm. 
long. 

The  large  avicularium  was  (by  an  oversight)  not  figured ;  but  the 
beak  is  about  as  large  as  an  ordinary  zooecium,  and  it  is  just  the 
same  in  form  as  the  avicularia  of  Cellaria  ovicellosa,  fig.  62. 

This  would  be  Biporula  of  Hincks  ;  but  as  I  am  doubtful  about 
the  necessity  for  the  genus,  I  at  present  at  any  rate  do  not  separate 
it  from  Microporella.  A  reference  to  my  paper  "  On  the  Use  of  the 
Opercula  in  the  Determination  of  the  Cheilostomatous  Bryozoa,"  Proc. 
Manch.  Lit.  and  Phil.  Soc.  vol.  xviii.  no.  2,  pi.  i.  fig.  28,  will  show 
that,  in  the  form  of  the  operculum,  Microporella  (Biporula)  verrucosa, 
Peach,  is  very  similar  to  the  present  species. 

Loc.  Fossil:  Mount  Gambier  (Loncl.  Geel.  Soc.  coll.). 

33.  Microporella  elevata,  T.  Woods.    Plate  XYII.  figs.  63,  64; 
Plate  XVIII.  fig.  90. 

Eschara  elevata,  T.  "Woods,  "  On  some  Tert.  Austr.  Bry.,"  Tr.  Boy. Soc.  IST.  S.  Wales,  1876,  p.  2,  fig.  10. 
Zoarium  in  Eschara-form,  foliaceous,  compressed.  Zocecia,  in 

young  cells  (fig.  90),  widely  oblong  to  square,  with  a  large  short 
triangular  avicularium  pointing  inwards  on  one  side  of  the  zooe- 

cium on  a  level  with  the  aperture,  or  frequently  one  such  avicula- 
rium on  each  side ;  in  the  old  cells  the  zocecia  are  indistinct,  with  a 

much  raised  peristome  giving  a  crateriform  appearance  ;  the  general 
surface  and  the  peristome  divided  by  raised  lines  into  angular  areas, 
with  one  or  two  pores  in  each  such  area  ;  below  the  aperture  a  large 
pore,  which,  however,  is  not  always  readily  distinguished  on  the  front 
of  the  zooecium  ;  but  when  examined  from  the  interior  (fig.  64)  the 
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round  pore  is  always  seen.  Aperture  of  peristome  round ;  oral  aper- 
ture, as  seen  from  inside,  apparently  with  a  straight  .proximal  edge. 

The  right-hand  side  of  fig.  63  is  the  lower  part  of  the  zoarium, 
being  placed  sideways  to  show  the  structure  better.  It  is  difficult  to 
decide  if  this  should  bo  placed  with  Microporella  or  Porina. 

Loc.  Fossil :  Mount  Gambier  (Lond.  Geol.  Soc.  coll.). 

34.  Microporella  yarraexsts,  sp.  nov.    Plate  XV.  figs.  27,  28. 

Zoarium  in  Eschara-fovm,  sub  cylindrical,  compressed ;  branches 
dividing  dichotomously.  Zooecium  distinctly  bordered,  irregularly 
oval ;  peristome  slightly  raised.  Oral  aperture  round  on  the  distal 
edge,  straight  on  the  proximal;  two  large  pores  immediately  below 
the  aperture ;  the  upper  part  of  the  zooecium,  supporting  the  aper- 

ture, together  with  these  pores,  is  raised ;  a  large  protuberance  on 
one  side  of  the  zoceeium,  and  a  smaller  one  on  the  other.  In  the 
central  portion  of  the  cell  a  large  depressed  area  with  two  or  three 
openings ;  below  this  area  a  small  avicularium.  The  zooecium  is  sur- 

rounded with  an  indistinct  row  of  pores.  Three  distal  rosette-plates 
(see  fig.  28).    Oral  aperture  0-6  mm.  wide. 

When  the  front  of  the  cell  is  slightly  worn  and  the  aperture 
broken  down,  the  aperture  and  pores  together  frequently  give  a 
subtriangular  form  to  the  resulting  opening. 

The  details  could  not  have  been  deciphered  from  the  Mount- 
Gambier  specimen,  though  when  compared  with  the  better-preserved 
specimens  marked  Yarra-Tarra  it  is  seen  to  correspond  in  every 
particular. 

Loc.  Mount  Gambier  (Lond.  Geol.  Soc.  coll.). 

35.  Microporella  coscinopora,  Ess.,  var.  armata,  nov.    Plate  XV. 
fig.  25. 

This  has  a  large  distinct  depressed  cribriform  area,  and  an  avicu- 
larium below  this  area ;  the  protuberances  on  the  side  of  the  zooecia 

are  wanting ;  and  the  surface  of  the  zooecium  is  flat ;  the  upper  part 
of  the  oral  area  is  raised.    Aperture  0-1  mm.  wide. 

In  one  specimen  in  Miss  Jelly's  collection  there  are  similar  small 
avicularia  scattered  irregularly  over  the  surface. 

36.  Microporella  jeniomatica,  sp.  nov.    Plate  XV.  figs.  29,  30. 

Zoarium  in  Eschara-iorm,  composed  of  two  layers  back  to  back, 
forming  a  very  thin  lamella,  which  apparently  has  considerable 
extension  (as  all  the  pieces  are  flat  and  show  no  signs  of  branch- 

ing). Surface  of  zooecium  very  flat,  opening  of  peristome  circular ; 
opening  of  oral  aperture,  as  seen  from  the  interior,  arched  above, 
straight  below ;  depression  below  the  aperture,  closed  by  a  cribri- 

form plate ;  large  and  small  acute  avicularia  scattered  abundantly 
over  the  surface.    Aperture  0-1  mm.  wide. 

The  surface  is  very  flat,  and  the  openings  of  the  oral  aperture  and 
avicularia  being  often  of  nearly  the  same  size  and  irregularly  placed, 
it  is  in  some  places  impossible  to  decipher  any  structure.  But  in  the 
best-developed  and  best-preserved  parts  the  peristome  is  seen  to  be 
slightly  raised ;  and  at  first  it  seemed  that  the  form  of  the  aperture 
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indicated  Leprcdia ;  but  the  interior  shows  that  the  lower  edge  of 
the  operculum  was  straight,  and  that  it  must  be  placed  with  Micro- 
porella. 

37.  Microporella  stmmetrica,  sp.  nov.    Plate  XVIII.  fig.  83. 

Zoarium  in  Escliar  a- form,  foliaceous.  Zooecia  hexagonally  oval, 
distinct,  with  a  thin  border  round  the  cell,  scarcely  raised,  with  few 
pores  near  the  edge,  raised  in  the  region  of  the  aperture,  especially 
above  the  aperture.  Two  large  openings,  directed  laterally  imme- 

diately before  the  aperture  ;  these  are  usually  raised  and  form  part 
of  the  peristome.  An  area  on  the  lower  part  of  the  cell  with  stellate 
pores  arranged  in  two  series  of  4  or  5,  each  regularly  opposite  to  one 
another ;  sometimes  one  or  two  pores  between  the  lateral  rows.  This 
area  usually  forms  a  deep  depression ;  but  in  some  cells  this  is  not 
the  case.  Oral  aperture  semicircular,  with  straight  proximal  edge, 
0*09  mm.  wide,  0*07  mm.  long. 

In  the  species  we  see  a  marked  likeness  to  M.  yarraensis  (fig.  27) ; 
and  through  these  we  are  able  to  trace  the  relationship  of  this  area 
from  the  round  pore  of  M.  violacea  to  the  elongate  pore  of  M.  violacea, 
var.  fissa  (fig.  26),  to  the  two  or  three  pores  of  M.  yarraoisis,  and 
the  cribriform  pores  of  M.  coscinopora  (fig.  25)  and  M.  cenigmatica 
(figs.  29,  30),  and,  lastly,  to  the  depressed  area  of  the  present  species  ; 
and  we  seem  justified  in  extending  the  comparison  and  comparing 
the  non-depressed  area  of  the  present  with  that  of  Cribrillina 
terminata  (fig.  68),  which,  in  its  turn,  may  be  traced  to  typical 
Cribrillina. 

38.  Microporella  clavata,  Stol.    Plate  XVIII.  fig.  84. 

Flustrella  clavata,  Stol.  Poss.  Pry.  Orak.  p.  139,  pi.  xx.  figs.  3,  5. 
Zoarium  in  Eschara-ioxm,  forming  thin  foliaceous  dichotoinous 

branches  or  small  round  branches.  Zooecia  suboval,  contracted  and 
truncate  below;  a  characteristic  semicircular  depression  immediately 
below  the  aperture,  with  three  large  raised  pores,  the  two  upper 
ones  directed  to  the  right  and  left.  A  laterally  oval  depression  or 
opening  about  the  middle  of  the  zocecium,  with  the  median  pore 
below  this.  Oral  aperture  semicircular,  with  a  straight  proximal 
edge.  0*07  mm.  wide,  0*05  mm.  long. 

This  is  much  the  same  as  Eschara  tetrastoma,  Ess.  Sitz.  Ak.  W. 
Wien.  1864,  p.  9,  pi.  ii.  fig.  9. 

Loc.  Possil :  Orakei  Bay. 

39.  Porina  cltpeata,  sp.  nov.    Plate  XVII.  fig.  67. 

Zoarium  erect,  cylindrical ;  four  zooecia  in  a  complete  series,  al- 
ternating regularly  with  each  other,  and  facing  in  four  directions. 

Zooecia  distinct,  tubular ;  peristome  much  projecting ;  median  pore 
placed  about  one  half  the  length  of  the  cell,  opening  at  the  top  of  a 
cone,  the  base  of  which  is  surrounded  by  an  oval  or  circular  rim, 
giving  it  a  shield-like  appearance.  This  rim  is  continued  in  a  straight 
line  above  and  below.  A  small  obtuse  avicularium  on  each  side  of 
the  shield-like  boss. 
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This  is  a  very  interesting  specimen,  as  the  shield-like  elevation 
gives  it  a  peculiar  appearance  different  from  any  thing  with  which  we 
are  acquainted ;  and  at  first  I  did  not  know  in  what  way  the  struc- 

ture must  be  interpreted,  and  examined  to  see  if  it  could  be  an  ovi- 
cell,  but  think  it  must  be  considered  homologous  with  the  tubular 
pore  of  P.  tubulosa.    The  specimens  are  all  small. 

Loc.  Fossil:  Mount  Gambier  (Etli.,jun.,  coll.). 

40.  Porina  coronata,  Ess.    Plate  XV.  fig.  57. 

CelJaria  coronata,  Rss.  Foss.  Polyp,  des  Wien.  Tert.  p.  62,  pi.  viii. 
fig.  3. 

Eschara  conferta,  Rss.  loc.  cit.  p.  71,  pi.  viii.  fig.  32. 
Acropora  coronata,  Rss.  Foss.  Anth.  &  Bry.  d.  S.  von  Crosaro  ; 

Denk.  math.-nat.  Cl.  k.  Akad.  der  Wissensch.  Wien,  vol.  xxix.  1868, 
p.  65,  pi.  xxxiv.  figs.  33-55. 

Spiroporina  vertebralis,  Stoliczka,  Foss.  Bry.  Orak.  p.  106,  pi. 
xvii.  figs.  6,  7. 

Spiroporina  vertebralis,  T.  "Woods,  "  Corals  &  Bryozoa  of  Neozoic 
Period  in  New  Zealand,"  Pal.  of  New  Zeal.  pt.  iv.  Colon.  Mus.  & 
Geol.  Survey  Dept.  1880,  p.  23. 

Porina  DieffenbacMana,  Stoliczka,  loc.  cit.  p.  135,  pi.  xix.  fig.  20. 

Porincc  DieffenbacMana,  T.  Woods,  "  C.  &  Bry.  of  Neoz."  loc.  cit. 
p.  25. 

Eschara  Busfcii,  T.  Woods,  "  On  some  Tert.  Austr.  Polyz.,"  Tr. 
R.  Soc.  N.  S.  Wales,  1876,  p.  *f  9,  figs.  xvi.  &  xvii. 

Myriozoum  australiense,  Haswell,  "On  some  Polyzoa  from  the 
Queenland  Coast,"  Proc.  Linn.  Soc.  N.  S.  Wales,  vol.  v.  pt.  1,  1880, 
p.  43,  pi.  iii.  figs.  9-11. 

This  species  has  caused  me  much  trouble,  as  its  appearance  in 
various  conditions  is  very  different ;  but  direct  comparison  of  typical 
specimens  with  Acropora  coronata  from  Val  di  Lonte  showed  that 
the  size,  form  of  the  cell,  peristome,  median  pore,  and  small  pore 
were  sometimes  just  the  same. 

The  zoarium  is  sometimes  round  and  very  slender,  as  in  fig.  57;  in 

others  round  and  stout,  as  in  Stoliczka's  figure  of  S.  vertebralis ;  but 
having  a  complete  intermediate  series,  there  is  no  doubt  that  they 
must  be  united.  In  other  specimens,  especially  those  from  Mount 
Gambier,  the  branches  are  flattened  as  in  P.  Dieffenbachiana, 
Stol.,  fig.  20.  The  surface  sometimes  has  small  elongate  pores, 
in  other  cases  larger  and  round  ones.  In  the  slender  specimens  the 
pores  are  finer  and  more  elongate,  while  in  the  stoutest  they  corre- 

spond with  the  pores  of  the  Italian  P.  coronata.  Again,  the 
peristome  in  young  cells  is  very  thin  and  projects  considerably; 
while  in  older  specimens  the  large  pores  in  the  walls  of  the  peri- 

stome are  more  distinctly  seen ;  and  in  very  well  preserved  speci- 
mens the  walls  of  these  project,  so  that  each  peristomial  pore  may 

be  said  to  have  itself  a  peristome.  The  median  pore  is  usually  about 
one  quarter  of  the  length  of  the  zocecium  from  the  oral  aperture,  but 
sometimes  much  nearer  ;  and  in  old  cells,  where  the  peristomial  wall 
is  much  thickened,  it  approaches  very  close  to  the  peristome,  and 
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almost  becomes  part  of  the  peristomial  crown.  I  have  only  one  or 
two  specimens  in  which  there  is  a  slightly  projecting  tube  for  this 
median  pore  ;  and  in  all  other  cases  it  is  depressed.  In  some  spe- 

cimens, besides  the  small  surface-pores,  there  are  larger  ones,  which 
have  in  most  cases  been  avicularia ;  and  in  a  few  specimens  there  is 
a  larger  spatulate  avicnlarium  above  the  oral  aperture. 

In  a  recent  specimen  in  the  vertebralis  condition,  from  Darnley 
Island,  I  found  that  a  section  made  from  one  end  showed  the  central 
spongy  structure  with  which  we  are  acquainted  in  the  old  genus 
Myriozoum,  while  a  section  made  from  the  other  showed  the  cells 
ranged  round  the  circumference  but  not  meeting  in  the  centre; 
and  a  section  is  thus  figured  by  Mr.  Haswell  (loc.  cit.  fig.  10). 

Stoliczka,  in  his  figure,  distinctly  showed  this  Myriozoum  character; 
and  it  is  strange  to  find  that  he  nevertheless  placed  the  species 
among  the  Cyclostomata.  The  slender  forms  so  nearly  correspond 
with  Porina  borealis,  Busk  (especially  as  figured  by  Smitt  in  his 

4  Eloridan  Bryozoa,'  pi.  vi.  fig.  144),  that,  if  not  the  same,  they  are 
closely  related  to  it;  and  the  species  is  also  related  to  Porina 

filograna,  Goldf.,  figured  in  d'Orb.  Pal.  Franc,,  pi.  626.  figs.  5-10,  a 
common  species  in  the  Senonian,  and  also  figured  by  Hagenow  as 

Eschara  Defrancei.  Several  of  Hagenow's  species  with  other  names 
may  represent  worn  specimens,  as  pointed  out  by  d'Orbigny. 

Although  the  different  conditions  pass  so  gradually  from  one  to 
another  that  it  is  impossible  to  separate  them,  it  may  perhaps  be 
useful  to  speak  of  them  as  condition  (a)  slender,  as  fig.  57 ;  (b)  stout, 
as  vertebralis,  figured  by  Stol. ;  (c)  more  flattened,  and  showing  the 
quincuncial  arrangement  more  clearly,  as  in  Dieffenbacliiana. 

Log.  Eossil :  Bartonian,  Val  di  Lonte  (Rss.),  Montecchio  Mag- 
giore  (Rss.),  Yienna  (JRss.) ;  Eerrara  di  Monte  Baldo,  Crosaro,  Bren- 

d'ola  (all  in  my  coll.) ;  Hutchinson's  Quarry  and  Oamaru,  New  Zea- 
land, in  Lower  Eocene  of  New-Zealand  geologists  (as  e,  Woods); 

Hutchinson's  Quarry,  Upper  Eocene  ditto  ;  Shakespeare  Cliff,  Upper 
Miocene  ditto  (as  b) ;  Orakei  Bay,  New  Zealand  (b  &  c,  Stol.) ; 
Mount  Gambier  (  Woods,  b  &  c)  ;  and  common  in  the  Lond.  Geol. 
Soc.  coll.,  and  also  Eth.,  junr.,  coll.  from  Mount  Gambier  (as  b). 

Living :  as  b,  Holborn  Island,  Queensland,  20  fathoms  (Rasiv.)9 
and  Darnley  Island,  Torres  Strait,  in  material  sent  me  by  Mr.  Brazier, 
from  soundings  in  10-30  fathoms. 

41.  Porina?  column  ata,  sp.  no  v.    Plate  XVIII.  fig.  88. 

Zoarium  cylindrical,  erect,  with  six  cells  in  a  complete  series,  con- 
sisting of  two  rows  of  three  each.  Zooecia  irregularly  oblong,  with 

nearly  parallel  sides,  distinct,  separated  by  a  wide  rounded  ridge, 
surface  rounded,  with  much-raised  acute  granulations ;  the  peristome 
forms  a  closed  arch  over  the  lower  part  of  the  oral  aperture ;  the 
opening  at  the  base  of  this  arch  is  wide  and  laterally  oval ;  a  large 
tubular  avicularium  on  each  side  of  the  peristome,  also  raised  and 
continuous  with  the  peristome.  Oral  aperture  rounded  below,  pro- 

bably round  to  saddle-shaped,  somewhat  contracted  above. 
The  specimen  is  in  a  bad  state  of  preservation ;  and  diagnosis 
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has  to  be  made  from  the  characters  in  various  cells  ;  consequently 
the  figure  is,  to  a  large  extent,  a  restoration,  which  is  not  the  case 
with  the  other  figures.  I  have  shown  the  effect  when  the  aperture 
is  broken  down  in  different  degrees  :  when  completely  worn  away, 
three  nearly  equal  openings  are  seen,  the  central  one  being  some- 

what the  largest ;  in  other  cases  an  elongate  opening  is  formed, 
bounded  on  the  top  by  the  distal  end  of  the  peristome,  and  below  by 
the  base  of  the  subperistomial  opening. 

This  is  closely  related  to  Eschara  heterostoma,  Reuss  (Bry.  von 
Crosaro,  p.  pi.  xxvi.  fig.  5),  which  we  believe  is  synonymous 
with  his  E.  duplicata  (loc.  cit.  p.  (61  sep.)  273,  pi.  xxxiii.  figs.  8, 
10),  from  the  Italian  Eocene. 

The  shape  of  the  oral  aperture  would  seem  to  be  Lepralian,  perhaps 
much  the  same  as  in  Lepralia  Pallasiana ;  and  it  is  somewhat  a  matter 
of  doubt  where  this  form  should  be  generically  placed.  There  are 
some  species  as  yet  undescribed  from  the  southern  hemisphere,  with 
an  arch  more  or  less  enclosing  the  aperture ;  and  until  these  have 
been  examined,  it  must  be  placed  with  Porina. 

Since  the  above  was  written,  Mr.  S.  0.  Eidley  has  published,  in 
the  Proc.  Zool.  Soc.  1881,  an  "  Account  of  the  Zoological  Collection 
made  during  the  Survey  of  H.M.S.  'Alert  ''  (pt.  Polyzoa),"  and  de- 

scribes and  figures  an  incrusting  species  with  cells  much  resembling 
those  of  P.  columnata.  For  this  he  forms  the  genus  Qigantopora, 
and  points  out  the  similarity  to  Hippothoa  fenestrata,  Sm.,  which 
seems  to  sometimes  occur  in  an  erect  form ;  and  these  three  spe- 

cies are  evidently  closely  related ;  but  we  provisionally  retain  the  pre- 
sent one  under  Porina  until  more  complete  specimens  furnish  further 

characters  upon  which  the  genus  can  be  founded. 

42.  Lepralia  corrtjgata,  sp.  nov.    Plate  XYII.  fig.  60. 

Zocecia  elongate,  distinct,  raised  ;  surface  in  irregular  ridges  and 
furrows ;  in  the  furrows  a  row  of  one  or  two  pores  ;  lower  part  of 
zocecia  depressed,  upper  raised,  with  a  large  angular  avicularium 
forming  a  kind  of  peristome  over  the  lower  part  of  the  aperture  ; 
one  or  two  large  pores  at  the  lower  part  of  the  zocecium,  just  above 
the  aperture  of  the  zocecium  next  below.  Aperture  rounded.  Zoa- 
rium  either  incrusting  or  in  Eschara-form. 

Oral  aperture  0*14  mm.  wide. 

43.  Lepraua  monilipeea,  M.-Ed.,  var.  armata.  Plate  XV.  fig.  24. 
Zocecia  elongate,  pyriform,  raised  in  the  centre,  with  a  row  of 

pores  round  the  border ;  aperture  oval,  proximal  edge  slightly  less 
rounded  than  the  distal ;  a  small  angular  avicularium  on  one  or 
both  sides  of  the  aperture ;  in  some  cells  larger  angular  avicularia 
below  the  aperture. 

Aperture  041  mm.  wide  ;  0*14  mm.  long. 
Only  a  small  fragment,  worn  at  the  back. 

.  Lepralia  spattjlata,  sp.  nov.    Plate  XVIII.  fig.  87. 
Zoarium  erect,  forming  a  solid  stem,  with  zocecia  all  round. 
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Zooecia  hexagonal,  distinct,  with  a  thin  border  slightly  rounded, 
raised  towards  the  aperture ;  surface  finely  granular ;  the  region 
above  the  aperture  is  much  raised,  with  six  spines,  three  on  each 
side.  Aperture  nearly  circular,  slightly  elongate,  situated  in  a  wide 
depression,  caused  by  the  elevation  round  the  sides  and  distal  part 

of  the  aperture.    Aperture  0*15  mm.  wide,  0*17  long. 
This  much  resembles  Lepralia  multispinata,  Busk,  from  Madeira 

(Q.  Jo  Micr.  Sc.  new  ser.  vol.  i.  1861,  p.  78,  pi.  xxxii.  fig.  5) ;  but 
the  lip  below  the  aperture  is  entirely  wanting. 

In  a  specimen  from  the  Mount-Gambier  collection  of  Mr.  Ethe- 
ridge,  jun.,  there  are  many  large  spatulate  zocecial  avicularia  scat- 

tered over  the  stem. 
Loc.  Eossil :  Mount  Gambier. 

45.  Lepealia  cleidostoma,  Sm.,  var.  kotunda.  Plate  XVIII.  fig.  92. 

Zoarium  apparently  flat  and  incrusting.  Zooecia  small,  distinct, 
hexagonal ;  surface  coarsely  granular.  Oral  aperture  orbicular,  con- 

tracted at  the  sides  by  two  denticles ;  raised  rounded  avicularium 
(perhaps  with  vibracular  characters)  below  the  line  of  the  aperture, 
on  the  side  of  the  zocecium  ;  four  lateral  rosette-plates,  one  distal  near 
the  base  of  the  zooecia.    Oral  aperture  0*1  mm.  wide,  0*13  long. 

It  is  difficult  to  know  where  this  should  generically  be  placed. 
Erom  the  rounded  distal  and  proximal  edges  of  the  aperture,  it  would 

have  gone  with  Smitt's  earlier  definition  of  Eschar ella.  In  the  size 
and  form  of  the  cells  it  much  resembles  Schizoporella  eoecubans,  fig.  56; 
but  this,  instead  of  being  an  erect  quadrilateral  form,  is  incrusting, 
and  has  a  rounded  avicularium ;  but  we  may  perhaps  here  trace  the 
passage  from  a  definite  sinus  to  a  rounded  proximal  edge.  It  only 
differs  from  Lepralia  cleidostoma,  Smitt  (Flor.  Bry.  p.  62,  pi.  xi. 
figs.  217-219),  in  having  the  rounded  avicularium  instead  of  an  acute 
one,  and  should,  perhaps,  be  united  to  it. 

I  have  an  erect  branching  form,  with  ovicells,  from  the  Mediter- 
ranean, closely  allied  to  this,  which  I  hope  shortly  to  describe  and 

figure. 
Mr.  Hincks  has  kindly  informed  me  (in  Jitt.)  that  he  has  this  va- 

riety from  Bass's  Straits. 
46.  Poeella  emendata,  sp.  iiov.    Plate  XVII.  fig.  69. 

Zoarium  in  Eschara-form. 
Surface  nearly  flat ;  cell-wall  thickened  round  the  oral  aperture. 

Zooecia  elongate,  expanded  above,  contracted  below;  row  of  pores 
in  a  furrow  on  each  side  of  the  zocecium.  Aperture  round  on  the 
distal  edge,  straight  on  the  proximal,  with  a  very  large  denticle 
set  deeply  in  the  aperture.  Small  triangular  avicularium  below 
the  mouth,  usually  placed  somewhat  diagonally. 

Aperture  on  proximal  edge  0-07  millim.  wide,  0-06  millim.  long. 

47.  Poeella  denticulata,  Stol.    Plate  XVII.  fig.  70. 

Fhistrella  denticulata,  Stoliczka,  Eoss.  Bry.  Orak.  p.  138,  pi.  xx. 
fig.  2. 

Oral  aperture  arched  above,  contracted  below,  enclosing  an  avicu- 
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larium  surmounted  by  a  denticle ;  faint  lines  on  the  surface  indicate 
the  zocecial  divisions.    Ovicell  subimmersed,  without  any  pores. 

Loc.  Not  very  common  in  Orakei  Bay. 

48.  Smittia  centralis,  sp.  nov. 

Zoarium  slender,  erect,  quadrangular,  with  the  zooecia  on  all  four 
faces.  Zooecia  separated  by  a  ridge,  elongate,  oblong,  flat,  with  a 
double  row  of  pores  on  both  sides  of  the  zooecia  near  the  edge, 
with  the  peristome  very  much  raised  and  projecting,  with  a  large 
pore  (probably  avicularian)  immediately  below  the  orifice  ;  peristome 
transversely  oval. 

49.  Smittia  centralis,  var.  l^vigata.    Plate  XIV.  figs.  7,  8. 

Differs  from  the  above  in  having  the  surface  of  the  zooecia  slightly 
rounded ;  and  instead  of  the  two  rows  of  small  pores,  there  are 
a  few  elongate  pores  near  the  edge  of  the  zooecia  ;  the  peristome  is 
less  well  preserved ;  and  from  these  small  fragments  it  would  be 
impossible  to  be  sure  of  the  generic  position  of  the  species.  The 
distal  rosette-plates  (fig.  8)  are  near  the  centre  of  the  zoarium,  from 
which  circumstance  the  name  is  chosen. 

50.  Smittia  Tatei,  T.  Woods.    Plate  XVII.  fig.  65. 

Eschara  Tatei,  T.  Woods,  "  On  some  Tert.  Austr.  Fossils,"  Tr.  K. 
Soc.  X.  S.  W.  1876,  p.  3,  fig.  xv. 

Zooecia  elongate,  with  parallel  sides,  contracted  below,  surrounded 
by  a  narrow  raised  margin ;  two  perforated  furrows  down  the  front. 
Aperture  raised,  rounded,  with  a  second  rounded  opening  imme- 

diately below  (this  is  probably  avicularian).  Seen  from  the  inte- 
rior, there  is  a  large  denticle  expanded  at  the  top  (fig.  65  a). 

Aperture  0*13  millim.  wide. 
In  consequence  of  the  imperfect  state  of  fossilization  of  the  Mount- 

Gambier  fossils,  the  aperture  presents  the  appearances  figured  by 
Mr.  Woods.  A  specimen  in  the  collection  of  Mr.  Etheridge,  jun., 
shows  cells  as  figured  by  Mr.  Woods,  and  resembling  those  from  the 
present  collection. 

Loc.  Fossil :  Mount  Gambier  ( Woods  and  collection  of  Mr.  Ethe- 
ridge, jun.). 

51.  Smittia  anceps,  MacG.   Plate  XVIII,  fig.  94. 

Lepralia  anceps,  MacGillivray,  Prodr.  of  Zool.  of  Vict,  decade  iv. 
1879,  p.  23,  pi.  xxxv.  fig.  6. 

Zoarium  cylindrical ;  in  one  specimen  four  or  five  cells  in  a  series, 
in  another  a  hollow  cylinder  2-5  millim.  in  diameter.  Zooecia  sub- 
rhomboidal,  sometimes  hollowed  in  front,  elevated  towards  the  ori- 

fice, bounded  by  a  prominent  irregular  sinuous  line ;  surface  very 
finely  granulated,  with  large  pores,  more  numerous  near  the  edge. 
Oral  aperture  rounded  on  the  distal  end  ;  the  proximal  edge  is 
formed  by  the  arc  of  a  smaller  circle. 
When  the  aperture  is  seen  from  inside,  we  find  a  broad  denticle 

(fig.  94  a) ;  and  when  we  look  upon  this  denticle  from  above,  it  is 
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seen  to  bear  a  very  minute  avicularium.  Aperture  0*1  millim.  wide, 
0*14  millim.  long. 

If  I  had  been  unable  to  see  the  interior  of  the  zooecium,  I  should 
have  considered  this  to  be  SchizoporeUa  sinuosa,  B.,  with  which  it 
corresponds  in  most  particulars.  I  have  examined  the  interior  of 
S.  sinuosa  from  Shetland,  in  which  there  is  no  similar  denticle  or 
avicularium.  Some  of  the  zooecial  areas  have  no  aperture  ;  and  in 
these  there  are  few  or  no  pores. 

52.  Schtzoporella  vigtlans,  sp.  nov.    Plate  XIV.  fig.  13. 

Zoarium  erect,  quadrilateral,  with  zocecia  on  the  four  faces.  Zooecia 
irregularly  oblong ;  surface  flat,  with  elongated  pores  (reminding  us 
of  those  of  Hornera);  upper  part  of  the  zooecium  slightly  raised. 
Oral  aperture  rounded  on  the  distal  edge,  nearly  straight  on  the 
proximal,  with  a  well-marked  sinus.  Acute  avicularia,  placed  hori- 

zontally in  the  middle  of  the  front  wall  of  the  zooecium. 
The  proximal  edge  of  the  oral  aperture  is  slightly  straighter  than 

figured.    Aperture  0*08  millim.  wide,  0*07  millim.  long. 

53.  Schtzoporella  phymatopora,  Ess.    Plate  XV.  figs.  31,  32. 

Eschara  phymatopora,  Eeuss.  te  Poss.  Anth.  u.  Bry.  von  Crosaro," 
Denschr.  Ak.  JNaturwissensch.  Wien,  vol.  xxix.  1869,  p.  272  (60), 
pi.  xxxiii.  fig.  1. 

Zoarium  cylindrical.  Zooecia  irregularly  oval,  not  much  raised  ; 
border  distinct.  Aperture  circular,  with  sinus  below.  Avicularia 
at  about  one  third  or  the  middle  of  the  length  of  the  zooecium,  placed 
on  one  side ;  surface  of  zooecium  covered  with  pores  and  fine  gra- 
nulations. 

When  I  drew  fig.  32,  I  supposed  that  this  was  Bactridium,  and 
allied  to  Bactridium  Hagenowi,  Ess. ;  and  then  I  called  it  tri- 
serrata,  as  in  all  the  fragments  I  had  there  were  three  rows  of 

cells.  Since  then  fragments  in  my  own  and  in  Miss  Jelly's 
collection  have  shown  that  it  is  cylindrical.  The  species  splits 
up  with  considerable  regularity ;  and  then  the  other  sides  of  the 
zooecia  are  seen  with  their  lateral  rosette-plates  appearing  like  a  row 
of  pores.  A  central  furrow  is  also  seen  with  two  rosette-plates  for 
the  entrance  of  the  endosarc.  The  avicularia  are  usually  much 
lower  than  figured  by  Eeuss  in  his  specimen  from  the  Val  di  Lonte, 
but  in  some  Australian  specimens  are  higher  than  in  my  figure  31. 
Aperture  0*07  millim.  wide. 

Log.  Val  di  Lonte  (Ess.) ;  Perrara  di  Monte  Baldo  (A.  W.  W.): 
Bartonian. 

54.  Schtzoporella  ventricosa  ?,  Haswell  (in  Onchoporm  forma). 

Onchopora  ventricosa,  Haswell,  "  On  some  Polyzoa  from  the 
Queensland  coast,"  Proc.  Linn.  Soc.  IST.  S.  Wales,  vol.  v.  pt.  i.  1880, 
p.  36,  pi.  i.  fig.  3.  . 

There  is  only  a  small  fragment,  which  has  the  zoarium  cylindrical, 
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and  which  seems  to  branch  without  joints.  It  seems  to  correspond 
with  the  above  ;  but  there  is  reason  for  doubting  whether  too  many 
species  have  not  been  made,  as  Onchopora  ventricosa,  Hasw.,  and  0. 
granulosa,  H.,  are  very  closely  allied. 

Log.  Holborn  Island,  Queensland,  20  fathoms. 

55.  SCHIZOPORELLA  EENESTRATA,  Sp.  UOV. 

Zoarium  in  Eschar a-ioim.  Zocecia  indistinct,  surface  smooth. 
Oral  aperture  very  large,  in  a  very  deep  depression,  rounded  on  the 

distal  edge,  with  a  sinus  on' the  proximal;  a  small  rounded  avicularium within  the  oral  depression,  and  a  small  rounded  one  below  the  aper- 
ture with  avicularium  opening  with  numerous  denticles.  Very  large, 

erect,  angular  avicularium  between  the  zocecia.  Oral  aperture  0*17 
millim.  wide. 

The  large  deep  depressions  round  the  large  aperture,  together  with 
the  smooth  surface  and  small  avicularia,  gives  the  zoarium  the  ap- 

pearance of  the  network  of  Metepora ;  and  the  specimen  was  sent  to 
me  marked  Betepora.  I  therefore  call  it  fenestrata,  although,  of 
course,  it  is  clear  that  it  is  here  the  magnified  aperture  which  repre- 

sents in  appearance  the  unmagnified  fenestrse  of  Betepora. 

56.  SCHIZOPORELLA,  Sp. 

Zocecia  perfectly  parallel,  oblong,  distinctly  divided  laterally,  ter- 
minal divisions  scarcely  distinguishable.  Surface  smooth.  Oral 

aperture  large,  0*3  millim.  long,  0-22  millim.  wide,  rounded  above, 
apparently  triangular  below ;  frequently  a  notch  on  one  side,  as 
if  regularly  broken  down ;  perhaps  there  is  an  avicularium  inside 
the  aperture  below  the  notch.  The  back  of  the  cells  is  also  smooth, 
showing  the  lateral  parallel  divisions  distinctly,  with  an  oval  open- 

ing 0-4  millim.  long,  i.  e.  about  half  the  length  of  each  zocecium. 
There  are  one  or  two  species  in  which  there  is  a  similar  oval 

opening  on  the  dorsal  surface ;  but  at  the*present  moment  I  do  not 
find  any  note  or  reference  to  such,  except  in  Hemeschara  gemi- 
nipora,  Ess. 

57.  SCHIZOPORELLA,  Sp. 

This  somewhat  resembles  8.  biaperta ;  but  the  state  of  preserva- 
tion is  not  sufficiently  satisfactory  for  definite  determination.  The 

aperture  is  much  smaller  than  in  the  last  species ;  and  there  are 
numerous  round  avicularia  scattered  over  the  cell.  The  walls  of 
the  ovicells,  which  have  been  considerably  raised,  are  broken  down. 
This  may  be  Escharipora  Lawderiana,  Stol.  (Bry.  Orak.  Bay,  p.  136, 
pi.  xx.  fig.  1);  but  the  figure  and  description  are  so  unsatisfac- 

tory that  it  is  impossible  to  know  where  Stoliczka's  specimen 
should  be  placed.    The  fossil  specimen  is  in  the  Eschar a-form. 

A  specimen  in  the  British  Museum,  sent  by  Mr.  Hutton,  marked 
Lepralia  reticulata,  seems  to  be  this  species.  The  oral  aperture  of 
the  recent  specimen  is  rounded  on  the  distal  end,  with  a  smaller  arc 
forming  a  sinus  on  the  proximal. 



340 A.  W.  WATERS  ON  FOSSIL  CHILOSTOMATOUS 

58.  Schizoporella  submersa,  sp.  nov.    Plate  XYIII.  fig.  85. 

Zoarium  in  EscJiara-ioim,  consisting  of  narrow  foliations.  Zo- 
oecia  suboval,  expanded  above,  contracted  below,  distinct,  sur- 

rounded by  a  raised  border,  partially  concave,  few  pores  on  the  sur- 
face. Acute  avicularium  near  the  centre  of  the  zocecium,  sometimes 

directed  diagonally  upwards,  sometimes  downwards.  Oral  aper- 
ture very  long,  rounded  on  the  distal  end,  with  a  small  sinus  on 

the  proximal.  The  aperture  is  much  depressed,  giving  the  ap- 
pearance of  two  wide  denticles  at  the  bottom  of  the  oral  pit.  Aper- 

ture 0-07  millim.  wide,  0'12  millim.  long  (to  end  of  the  sinus). 
The  upper  part  of  the  zooecium  being  depressed  gives  a  concave 

appearance  to  the  zocecia. 

59.  Schizoporella  conservata,  sp.  nov.    Plate  XYIII.  fig.  81. 
Zocecia  suboval  to  oblong,  distinct,  not  much  raised,  sometimes 

with  a  median  raised  ridge  extending  from  the  sinus  ;  a  few  large 
pores  near  the  edge ;  surface  smooth ;  three  spines  above  the  oral 
aperture,  and  one  on  each  side  at  the  base  of  the  aperture ;  surface 
slightly  raised  below  the  sinus.  Oral  aperture  semicircular,  rounded 
on  the  distal  edge,  straight  on  the  proximal,  with  a  small  sinus 
which  widens  out  below.  An  avicularium  on  one  or  both  sides  a 
short  distance  below  the  oral  aperture ;  these  vary  from  short 
triangular  to  acute  lanceolate,  pointing  laterally  outwards  at  right 
angles  to  the  axis  of  the  cell.  Ovicells  very  large,  elevated,  with 
the  central  part  plain,  and  nearly  flat,  the  exterior  walls  beautifully 
ornamented  with  radiating  lines  with  three  pores  between  each. 

Aperture  0-16  millim.  wide,  0*12^  millim.  long  (to  the  straight 
proximal  edge). 

When  the  avicularia  are  small,  they  are  raised ;  but  when  large, 
they  are  immersed.  The  dorsal  surface  is  hexagonally  divided,  with 
an  elongate  oval  space  (about  half  the  length  of  each  zocecium)  of 
thinner  shell.  This  perhaps  corresponds  with  the  "flattened  disk" 
mentioned  by  Mr.  Busk  in  Micro-poreXla  Malusii,  Aud.  (Mar.  Poly, 
p.  83);  but  it  is  by  no  means  a  constant  character  in  Malusii,  as 
the  centre  of  the  dorsal  surface  is  usually  depressed,  with  irre- 

gular elevations  near  the  edge  of  the  zooecium.  The  structure  of 
the  dorsal  surface  of  Schizoporella  conservata  must  probably  be  com- 

pared with  that  of  ScJiizoporella,  sp.,  ~No.  56.  I  presume  this  spe- 
cies grew  in  the  Lepralia-iorm. 

Loc.  Possil:  Mount  Gambier  (Load.  Geol.  Soc.  coll.  and  Eth., 
Jun.,  coll.). 

60.  Schizoporella  spiroporina,  sp.  nov. 
Zoarium  cylindrical ;  zocecia  in  annular  series  of  six  cells ;  series 

047  millim.  apart.  Zocecia  indistinct,  except  towards  the  peristome ; 
peristome  much  raised  in  front,  but  very  little  behind.  Oral  aper- 

ture at  the  base  of  the  peristome,  nearly  circular,  rounded  at  the 
distal  end,  with  a  wide  sinus  at  the  proximal.  Large  pores,  perhaps 
avicularian,  near  the  peristome. 

This  may  be  Spiroporina  immersa  of  T.  Woods  (Corals  &  Bry.  Col. 
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Mus.  &  Geol.  Survey  Xew  Zealand,  pt.  iv.  p.  23) ;  but  I  must  con- 

fess to  being  unable  to  understand  Mr.  Woods's  description  of  the 
mouth.  The  specimen  from  "  Yarra-Yarra  "  is  very  small  and  in 
imperfect  preservation. 

61.  Schizoporella  excttbans,  sp.  liov.    Plate  XVI.  fig.  56  ;  Plate 
XVIII.  fig.  80. 
Zoarium  erect,  filiform,  with  a  longitudinal  row  of  zocecia  on  each 

of  the  four  faces.  Zocecia  distinct,  subhexagonal,  upper  part  much 
raised,  surface  granular.  Oral  aperture  depressed,  rounded  on  the 
distal  edge,  contracted  on  each  side  near  the  proximal  edge,  forming 
a  large  rounded  proximal  sinus.  Triangular  avicularium  on  raised 
prominence  on  a  level  with  the  oral  aperture,  directed  downwards. 
Avicularia  sometimes  absent,  usually  on  one  side  only. 

Aperture  0-08  millim.  wide,  0*075  millim.  long. 
Probably  the  genus  Schizoporella  will  have  to  be  broken  up,  and 

those  forms  in  which  the  proximal  edge  of  the  oral  aperture  forms  a 
large  arc  will  be  separated ;  for  while  the  appearance  is  that  of  a 
large  sinus,  the  structure  must  be  different.  It  is  also  very  diffi- 

cult to  see  where  the  division  should  be  made  between  Lepralia  and 
Schizoporella ;  for  the  wide  rounded  aperture  of  Lepralia  with  two 
lateral  denticles  sometimes  approaches  very  closely  in  shape  that  of 
a  Schizoporella  with  a  large  and  wide  sinus.  Pig.  56  was  drawn 
from  a  small  fragment  in  which  it  was  impossible  to  see  the  form 
of  the  zoarium,  and  therefore,  in  this  respect,  is  not  quite  correct. 
I  have  since  received  specimens  showing  the  erect  filiform  growth. 

62.  Schizoporella  amphora,  sp.  nov. 
Zoarium  slender,  erect,  with  a  single  row  of  zocecia  on  each  of  the 

four  faces,  the  opposite  pairs  alternating  with  the  other  two.  Zocecia 
irregularly  ovate,  expanded.and  raised  in  the  middle,  contracted  above 
and  below  :  distal  end  of  the  zoceeium  much  raised,  forming  a  small 
peristome  which  is  contracted  on  both  sides  near  the  lower  part. 

The  specimen  is  small;  and  more  perfect  ones  may  add  many 
particulars.  It  may  have  been  sometimes  articulated,  as  seems  to 
have  been  the  case  with  Cellaria  Schreibersi,  Ess. 

63.  Schizoporella  atjstralis,  T.  Woods.    Plate  XIV.  fig.  15. 

Tetraplaria  australis,  T.  Woods,  "  On  some  Austr.  Tert.  Poss. 
Corals  &  Polyzoa,"  Tr.  Hoy.  Soc.  of  Xew  S.  Wales,  1878,  p.  5,  fig.  4. 

Zoarium  cylindrical,  slender.  Zocecia  facing  four  ways,  the  op- 
posite pairs  alternating  with  the  "other  two,  elongately  pyriform  ; 

surface  very  finely  granulated,  with  extremely  fine  pores  between 
the  granules  (but  these  can  only  be  seen  when  the  preservation  is 
very  good) .  Oral  aperture  rounded  on  the  distal  edge,  slightly  curved 
or  straight  on  the  proximal,  with  a  small  distinct  sinus  :  aperture 
0*08  millim.  wide,  0-07  millim.  long. 

Since  I  drew  the  figure  I  have  received  a  much  better  specimen, 
from  which  I  have  been  able  to  make  out  the  character  of  the 
aperture.    The  cells  are  nearly  half  as  long  again  as  in  Cellaria 

Q.  J.  G.  S.  Xo.  147.  2  a 
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Schreibersi,  Ess.,  with  which  Mr.  Woods  compares  it ;  and,  further, 
the  two  prominent  avicularia  are  wanting ;  but  from  my  Val-di- 
Lonte  specimens  of  C.  Schreibersi  I  find  that  both  belong  to  the  Schi- 
zoporellidse,  and  are  allied  in  many  particulars. 

Loc.  Muddy  creek,  Western  Victoria  (W.). 

64.  Eetepora  marstjpiata,  Smitt.     Plate  XV.  figs.  34,  35,  36 ; 
Plate  XVII.  figs.  59,  61,  76,  77. 

Eetepora  marsupiata,  Sm.  Floridan  Bry.  p.  67,  pi.  xiii.  figs.  245- 
254 ;  Svenska  Vetensk.  Handlingar,  vol.  xi.  1872. 

PhidolopJwra  labiata,  Gabb  &  Horn,  "  Polyzoa  of  Second,  and  Tert. 
Form,  of  N.  Amer."  p.  138,  pi.  xix.  fig.  21  (Journ.  Ac.  Nat.  Sci. 
Philad.  vol.  v.  pt.  ii.). 

Zoarium  reticulate.  Zocecia  suboval  to  hexagonal,  separated  by 
a  distinct  raised  border ;  peristome  elevated  in  young  cells ;  in  old 
ones  the  aperture  is  immersed,  with  sometimes  a  spine  on  each  side 
of  the  aperture ;  in  front  of  the  peristome  a  ridge,  at  the  base  of 
which  is  sometimes  a  small  pore  (sometimes  avicularian) ;  this  gives 
a  distinctly  sinuated  appearance  to  the  peristome :  in  some  speci- 

mens large,  erect,  angular  avicularia  in  the  middle  of  the  zooecium ; 
in  others  large  erect  more  spathulate  avicularia ;  in  others  very  long 
and  very  narrow  immersed  avicularia  in  a  similar  position,  with  the 
mandible  in  all  cases  pointing  directly  or  diagonally  downwards  ; 
sometimes  there  are  small  rounded  avicularia  pointing  downwards, 
with  a  central  pore.  Surface  smooth,  or  with  few  granulations ;  often 
two  large  pores  near  the  proximal  extremity  of  the  zocecia.  One 
ovicell  is  subimmersed,  with  one  cleft,  as  described  by  Smitt ;  ano- 

ther is  more  raised  and  more  globose,  with  two  depressed  lines  close 
together  instead  of  the  one  central  cleft ;  and  there  is  also  a  small 
boss  on  the  centre  of  the  ovicell.  The  dorsal  surface,  which  is 
divided  irregularly  by  thin  raised  lines,  has  minute  rounded  avicu- 

laria scattered  about;  there  are  also  long,  triangular,  immersed 
avicularia  and  large  erect  ones.  In  the  basal  portion  the  aperture 
is  depressed,  when  we  find  the  structure  figured  in  figs.  59,  61 4 
and  7 6,  which  are  drawn  from  different  specimens  ;  but  interme- 

diate ones  leave  little  doubt  as  to  their  identity. 
In  these  we  see  the  median  pore  representing  avicularia,  and 

showing  the  relationship  to  Porina.  Median  pores  are  known  in 
Retepora  tuberculata,  Ess.  Some  of  the  basal  branches  seem  to  show 
that  reticulation  was  much  less  frequent  than  in  most  Reteporm ;  and 
this  and  R.  rimata  would  be  Psilescharce  of  Busk,  a  genus  which 
cannot  be  retained.  * 

It  is  impossible  to  be  quite  sure  if  this  is  the  same  as  the  fossil 
described  by  Gabb  and  Horn.  It  is  evidently  allied  to  R.  Beaniana, 
King,  and  probably  is  the  species  described  under  that  name  by 
Stoliczka.  The  suboral  pore  represents  the  suboral  avicularium  in  R. 
Beaniana ;  and  small  avicularia  are  found  on  the  front  of  Beaniana. 

Loc.  Living:  Floridan  seas,  16-262  fathoms  (Sin.) ;  Teneriffe 
(Bush).  Fossil:  Miocene,  S.  Barbara,  Amer.  (G.  Sf  H.);  Mount 
Gambler  (Lond.  GeoL  Soc.  coll.). 
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65.  Retepora  rimata,  sp.  nov.    Plate  XVI.  figs.  48,  53. 
Zoarium  probably  reticulate ;    branches    slightly  compressed. 

Zocecia  cylindrical,  convex  ;  surface  smooth ;  peristome  much  raised, 
with  a  cleft  in  front  the  whole  length  of  the  peristome,  expand- 

ing at  the  base,  the  edges  on  the  two  sides  of  the  cleft  turned 
inwards,  peristome  often  surrounded  in  front  with  a  raised  rim. 
Small  subimmersed  avicularia  below  the  peristome,  subtriangular 
or  suboval,  pointing  upwards,  with  a  very  minute  opening  near  the 
distal  end.  Dorsal  surface  divided  by  white  raised  lines,  with  small, 
subcircular,  acute  avicularia  and  small  bosses  irregularly  placed. 

This  is  common  from  Mount  Gambier :  but  the  state  of  fossi- 
lization  would  not  have  permitted  all  the  characters  to  be  made 

out  if  the  "  Yarra-Yarra  "  specimens  had  not  served  as  a  key. 
Loc.  Fossil :  Mt.  Gambier  (Lond.  Geol.  Soc.  and  Eth.,  jun.,  coll.). 
In  one  specimen  the  avicularia  in  the  front  are  replaced  by  a  simple 

pore.  This  would  unite  the  genus  with  Porinidae  :  and  we  here  see 
another  example  of  the  avicularia  taking  the  position  of  pores,  and 
are  led  to  regard  avicularia  as  modified  pores. 

66.  Cellepora  yarraensis,  sp.  nov. 
Zoarium  cylindrical,  dividing  dichotomously,  in  one  case  throwing 

out  a  branch  forming  an  angle  of  about  80° ;  diameter  of  stem  1-2 
millim.  Zocecia  very  irregularly  arranged,  placed  sometimes  very 
crowded,  sometimes  far  apart,  indistinct ;  peristome  much  raised  on 
the  lower  or  avicularium  side,  usually  not  at  all  on  the  other,  giving 
it,  when  seen  in  profile,  a  triangular  appearance  ;  at  the  proximal 
part  of  the  peristome  an  avicularium ;  when  this  is  broken  down  the 
two  large  openings  have  the  appearance  so  general  in  Celleporee ; 
between  the  zocecia  few  large  much  raised  perforated  protuberances, 
probably  sometimes  avicularian.  Surface  smooth,  porcellaneous. 
Oral  aperture  semicircular,  rounded  on  the  distal  edge,  straight  on  the 
proximal,  though  when  raised  cells  are  seen  the  aperture  appears 
rounded.    Aperture  0-08  millim.  wide,  Ol  millim.  long. 

I  have  an  undescribed  thin  branching  species  of  Cellepora  from 
Capri  (near  Naples)  which  also  has  the  lower  edge  of  the  aperture 
straight  and  in  many  respects  resembles  the  present. 

67.  Cellepora  fossa,  Hasw.    Plate  XVIII.  fig.  89. 

Sphceropora  fossa,  Haswell,  "  On  some  Polyzoa  from  the  Queens- 
land Coast,"  Proc.  Linn.  Soc.  New  S.  Wales,  vol.  v.  pt.  i.  1880,  p. 

42,  pi.  iii.  fig.  5,  6. 
Zoarium  subglobular,  flattened  above,  specimens  2-5  millim.  in 

diameter.  On  the  upperside  the  zocecia  are  directed  from  the  pole  of 
the  zoarium ;  on  the  underside  they  are  directed  towards  it.  Zocecia 
subcylindrical  or  ovate  or  conical,  very  finely  granular,  erect  (on 
the  upperside)  :  a  few  pores  round  the  edge  of  the  zocecium  on  the 
upperside,  but  seldom  on  the  back.  Oral  aperture  rounded  on  the 
distal  wall,  straight  on  the  proximal.  In  the  centre,  immediately 
below  the  proximal  margin,  a  large,  wide,  erect,  obtusely  conical  or 
globular  avicularium.     Few  large,  spatulate,  zocecial  avicularia 

2a2 
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scattered  over  the  colony.  Aperture  0*12  millim.  wide,  0*1  millim. long. 

I  cannot  attach  any  importance  to  the  pit  round  which  the  zooecia 

are  formed  and  upon  which  Mr.  Haswell's  new  genus  is  founded. 
The  form  of  the  oral  aperture  is  rare  in  the  Celleporidse ;  but  we  see 

the  same  thing  in  C.  sardonica,  Waters  ("  Bry.  Bay  of  Naples,"  Ann. 
Nat.  Hist.  1879,  p.  196),  also  in  C.  yarraensis,  W.,  in  C.  intermedia, 
M'G.,  and  in  G.  compressa,  Busk,  with  which  perhaps  the  above 
should  be  united ;  and  perhaps  these  together  should  form  a  sub- 

genus. This  may  be  one  of  the  Gelleporce  described  by  Mr.  Tenison 

Woods  in  "  Tertiary  Fossils  in  S.  Australia,"  p.  5  (Trans.  Roy.  Soc. 
of  Victoria,  vol.  vi.) ;  but  identification  with  these  is  impossible,  as 
the  zoarial  instead  of  the  zocecial  characters  are  described.  In  de- 

scribing fossil  Bryozoa  so  little  attention  has  been  paid  to  the  most 
important  character,  i.  e.  the  form  of  the  oral  aperture,  that  com- 

parison is  often  not  possible. 
Loc.  Living :  Holborn  Island,  Queensland,  20  fathoms.  Fossil : 

Mount  Gambier  (Loud.  Geol.  Soc.  and  Eih.,  jun.,  coll.). 

68.  Cellepora,  sp. 

There  are  a  few  cells  of  a  Cellepora  which  resemble  those  of 
C.  pumicosa,  Busk  (non  Linn.) ;  but  the  fragment  is  too  small  to 
determine  with  certainty. 

69.  Ltjntjlites  gtjineensis,  Busk.  . 

Cupularia  guineensis,  Busk,  Cat.  Mar.  Polyz.  p.  98,  pi.  cxiv. 

The  specimen  in  Miss  Jelly's  collection  is  very  small ;  but  as  the 
few  zooecia  correspond  in  shape  with  those  figured  by  Mr.  Busk, 
we  may  safely  conclude  that  the  same  species  is  represented. 

Loc.  New  Guinea  (B). 

70.  Ltjntjlites  cancellata,  Busk. 

Limulites  cancellata,  Busk,  Cat.  Mar.  Pol.  p.  101,  pi.  cxiii.  figs.  4-7. 
Loc.  Philippine  Islands  (Busk) ;  off  Raton,  New  Guinea,  7 

fathoms,  and  from  Darnley  Islands,  Torres  Straits,  10-30  fathoms 
(sent  me  by  Mr.  Brazier). 

71.  Selenaria  marginata,  T.  Woods.    Plate  XVII.  fig.  71. 

Selenaria  marginata,  T.  Woods,  "  On  some  recent  and  fossil 
Species  of  Australian  Selenariadae  (Polyzoa),"  Trans.  Phil.  Soc. 
Adelaide,  1880,  p.  9,  pi.  ii.  fig.  9,  a-d. 

The  zocecial  cells  are  very  small,  and  in  shape  resemble  those 
drawn  by  Mr.  Woods.  In  some  of  the  zooecia  there  is  a  plate,  some 
little  distance  down  the  aperture,  with  a  central  perforation,  so  that 
the  zocecium  is  almost  closed.  Sometimes  the  same  thing  is  seen  in 
Cellaria  fistulosa  both  recent  and  fossil.  I  hardly  understand 

Mr.  Woods's  description  or  plate  when  he  refers  to  the  pore ;  but  I 
think  this  is  undoubtedly  the  species  he  describes.  Aperture  0-06 millim.  wide. 

Loc.  Living  :  Cape  Three  Points,  71  fathoms. 
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72.  Selenaria  alata,  T.  Woods. 

Sele7iaria  alata,  Tenison  Woods,  "  On  some  recent  and  fossil 
Species  of  Australian  Selenariadse  (Polvzoa),"  Trans.  Phil.  Soc. 
Adelaide,  1880,  p.  11,  pi.  ii.  fig.  12,  a,  b,  c. 

Loc.  Muddy  Creek,  Miocene  Beds  near  Hamilton,  Victoria  (W.). 
The  specimen  is  smaller  than  those  described  by  Mr.  Woods, 

only  measuring  2j  millim.  ■  but  otherwise  the  differences  are  very 
small  and  do  not  seem  sufficient  to  make  it  a  variety.  The  specimen 
may  be  described  as  follows : — Zoarium  small,  orbicular,  moderately 
convex.  Zocecia  rhomboidal  or  semicircular,  margins  distinct ;  area 
depressed,  aperture  large,  narrowed  below  by  triangular  alse  at  each 
side.  Avicularian  areas  few,  not  so  large  as  the  zocecia.  Under 
surface  with  radiating  grooves. 

All  Mr.  Woods's  figures  for  the  above  memoir  are  drawn  upside 
down,  perhaps  by  an  error  of  the  lithographer ;  and  Mr.  Woods 
seems  to  have  described  his  species  from  the  figure  when  he  says  of 

the  aperture  "  narrowed  above  "  instead  of  "  below." 
Besides  the  specimens  determined,  there  are  several  imperfect 

fragments  of  other  species,  among  which  there  is  a  badly  preserved 
Lunulites  somewhat  resembling  L.  aperta,  T.  Woods ;  and  there  are 
a  few  cells  of  a  species  (probably  with  Lepralia  growth)  with  ven- 
tricose  punctured  cells  and  a  long  projecting  spout  below  the  aper- 

ture resembling  that  of  L.  mamillata  (Crag  Polyz.  pi.  vi.  fig.  5  c), 
and  a  few  zocecia  of  an  erect  form  with  elongate  subtubular  coarsely 
punctured  zocecia  with  a  projecting  wide  peristome  ;  each  zocecium 
springs  laterally  from  the  one  below,  in  the  same  manner  as  in  Cri- 
brillina  dentipora,  fig.  33. 

EXPLANATION  OF  PLATES  XIY.-XVIIL 

Plate  XIV. 

Fig.  1.  Cellaria  fistulosa,  L.,  -2T5-,  showing  openings  for  the  horny  connecting tubes. 
2.  ,  -2TS  showing  avicularia  and  ovicell. 
3.   malvinensis,  Busk,  -2-f~,  showing  avicularia. 
4.   ovicellosa,  StoL,  -2T5-. 5.  Section  of  ditto. 
6.  Central  walls  of  ditto,  showing  rosette-plates. 
7.  Smittia  centralis,  var.  Icevigata,  nov. 
8.  Section  of  ditto,  showing  rosette-plates. 
9.  Membranipora  maorica,  StoL,  -2X5-. 

10,  11.  Cellaria  fistulosa,  L.,  -2T5-. 
12.  Cellaria  sp.,  \5-. 
13.  Schizojporella  vigilans,  sp.  nov., 
14.  Membranipora  lusoria,  sp.  nov.,  -2T5-. 
15.  Schizoporella  australis,  T.  Woods,  -\5-- 
16.  Cellaria  globulosa,  sp.  nov.  -2X5-. 17.  End  view  of  do. 
18.  19.  Membranipora  macrostoma,  Ess., 
20,  21.   argus,  d'Orb.,  JT2:       lateral  rosette-plates. 
22,  23.   concamerata,  sp.  nov.  \\ 
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Plate  XV. 

Fig.  24.  Lepralia  monilifera,  Ess.,  var.  armata,  -2r5-. 
25.  Microporella  coscinopora,  var.  armata,  -2X5-. 
2(5.   violacea,  var.  fissa,  5X5. 
27,  28.  Microporella  yarraensis,  sp.  nov.,  -2X5-. 
29.  Microporella  esnigmatica,  sp.  nov.,  -2X^. 
30.  ,  seen  from  the  interior,  snowing  cribriform  plate. 
31.  Schizoporella  phymatopora,  Ess.,  -2T5-. 
32.  ,  inner  surface  of  broken  piece. 
33.  Cribrillina  dentipora,  in  B  actridium-f  orm, 
34.  35,  36.  Retepora  marsupiata,  Smitt, 

Plate  XVI. 

37,  38.  Catenicella  solida,  sp.  nov.,  -2Tb~. 
39.  Catenicella  cribriformis,  sp.  nov., 
40,41.   flexuosa,  sp.  nov..  2X^. 
42,  43.   elegans,  var.  Buskii,  \K 
44,  45.   marginata,  sp.  nov.,  -2T5-. 
46.  Catenicella  ampla,  sp.  nov.,  -2T5-. 
47.   alata,  Thorn., 
48.  Retepora  rimata,  sp.  nov.,  Jx*-. 
49.  Catenicella  alata,  Thorn.,  -2X6-.,  dorsal  surface. 
50.   ampla,  sp.  nov.,  dorsal  surface,  -2I5-. 
51.  52.  Cauda  fossilis,  sp.  nov.,  -2X5-. 
53.  Retepora  rimata,  sp.  nov.,  dorsal  surface,  -2,0-. 
54.  Mucronella  duplicata,  sp.  nov.,  5X5-. 
55.  Membranipora  geminata,  sp.  nov., 
56.  Schizoporella  excubans,  sp.  nov.,  -2X^. 
57.  Porina  coronata,  Ess.,  -2T5-. 
58.  Catenicella  alata,  Thorn.,  -2X5-. 

Plate  XVII. 

59.  Retepora  marsupiata,  Smitt,  -y,  basal  portion. 
60.  Lepralia  corrugata,  sp.  nov.,  -x2. 
61.  Ret&pora  marsupiata,  Smitt,  -T2. 
62.  Cellaria  ovicellosa,  Stol.,  -\5-. 
63.  Microporella  elevata,  T.  Woods,  JTa. 
64.  ,  seen  from  the  interior,  -r2-. 
65.  Smittia  Tatei,  T.  Woods,  -2y5-. 
66.  Mucronella  mucronata,  Smitt,  Jx2-. 
67.  Porina  clypeata,  sp.  nov.,  -\5. 
68.  Cribrillina  terminata,  sp.  nov.,  -V2-. 
69.  Porella  emendata,  sp.  nov.,  J*. 
70.   denticv.lata,  Stol.,  Jx2-. 
71.  Selenaria  marginata,  T.  Woods,  -2X5. 
72.  Microporella  ferrea,  sp.  nov.,  Jx2-. 
73.   violacea,  var.  fissa,  seen  from  the  interior,  showing  the  elongate 

median  pore,  -2X5-:    a,  pore,  -8T5-. 
74.  Membranipora  cylindriformis,  ncv.,  -2T5-. 
75.  Cribrillina  suggerens,  sp.  nov., 
76.  Retepora  marsupiata,  Smitt,  Jr2-.    Basal  portion. 
77.   marsupiata,  Smitt, 

Plate  XVIII. 

78.  79,  Catenicella  internodia,  sp.  nov.,  -2X5-. 
80.  Schizoporella  excubans,  sp.  nov.,  about  Jx0-:  a,  aperture  of  ditto,  -8X4. 
81.   conservata,  sp.  nov.,  -2X5-. 
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Fig.  82.  Membranipora  lusoria,  sp.  nov., 
83.  Mioroporella  symmetrica,  sp.  nov.,  -2T5. 
84.   clavata,  Stol.,  V. 
85.  Schizoporelhi  sv.bmersa,  sp.  nov.,  2T5. 
86.  Caberea  rudis  ?,  Busk,  ̂ T5-. 
87.  Lepralia  spatulata,  sp.  nov., 
88.  Porina  columnata,  sp.  nov.,  V2-. 
89.  Cellepora  fossa,  Hasw., 
90.  Mioroporella  ekvata,  Woods,  Jx2- :  a,  transverse  section  of  growing  encU 
91.  Mucronella  elegans,  MacG-.,  -2T5-. 
92.  Lepralia  cleidostoma,  Sm.,  var.  rotunda,  nov.,  -6T°. 
93.  Betepora  marsupioM,  Smitt,  -V2-. 
94.  Smittia  anceps,  MacG-.,  -V2  :  a,  oral  aperture,  -\°~;  b,  aperture  seen  from the  interior. 

Discussion. 

The  President  stated  that  the  abstract  read  only  gave  the  main 
points  of  a  series  of  elaborate  palaeontological  descriptions.  In  reply 
to  Mr.  Charles  worth,  he  said  that  Mr.  Waters  had  settled  the  ques- 

tion between  Ehrenberg's  name  of  "  Bryozoa  "  and  Thompson's  name 
of  "  Polyzoa  "  in  favour  of  the  former. 



348 B.  W.  COPPINGER  ON  SOILCAP-MOTION. 

25.  On  Soilcap-Motion.    By  E.  W.  Coppingek,  Esq.,  M.D. 
(Eead  March  23,  1881.) 

(Communicated  by  the  President.) 

I  wish  to  call  attention  briefly  to  a  phenomenon  which,  so  far  as  I 
am  aware,  exists  to  an  unparalleled  degree  about  the  shores  of 
Western  Patagonia,  and  whose  presence  there  is  in  a  great  measure 
due  to  the  exceptionally  wet  nature  of  the  climate.  I  allude  to  a 
slippage  of  the  soilcap,  which  is,  I  believe,  continually  taking  place 
over  the  basement  rock  wherever  the  latter  presents  a  moderately 
inclined  surface.  Some  of  the  effects  of  this  soilcap-motion  are  apt 
to  be  confounded  with  those  due  to  glacial  action ;  for  the  soilcap 
takes  with  it  in  its  progress  not  only  its  clothing  of  trees,  ferns, 

and  mosses,  but  also  a  "  moraine  profonde  "  of  rocks,  stones,  stems 
of  dead  trees,  peat  and  mud,  whereby  the  hills  of  this  region  are 
being  denuded,  and  the  valleys,  lakes,  and  channels,  gradually 
filled  up. 

On  arriving  at  the  Patagonian  archipelago  my  attention  was 
directed  to  this  subject  on  noticing  that  the  lower  branches  of 
trees  fringing  the  sea-shore  were  in  many  places  withering  from 
immersion  in  the  salt  water,  and  that  in  some  cases  entire  trees 
had  perished  prematurely  from  their  roots  becoming  entirely  sub- 

merged. On  looking  more  closely  I  observed  that  the  sodden 
snags  of  dead  timber,  mingled  with  stones,  were  often  to  be  seen 
at  the  bottom  of  the  inshore  waters,  and  that  the  beds  of  fresh- 

water lakes  were  plentifully  strewn  with  similar  fragments  of  wood, 
the  remains  of  forests  prematurely  destroyed.  As  the  soilcap,  by 
its  sliding  motion,  reaches  the  water,  the  soluble  portions  are 
removed  ;  and  just  as  stones  and  boulders  are  often  seen  deposited 
in  grotesque  situations  by  a  melting  iceberg  or  a  receding  glacier, 

so  are  the  phenomena  of  "perched  rocks"  to  be  here  observed, 
although,  in  the  class  of  cases  to  which  I  refer,  due  to  a  totally 
different  cause.  These  facts  are  all  the  more  interesting  from  their 
occurring  in  a  region  where  the  effects  of  old  glacial  action  are  to 
be  seen  in  a  marked  degree.  Planings,  scorings,  striae,  and  "  roches 
moutonnees  "  may  almost  invariably  be  found  wherever  the  rock  is 
sufficiently  capable  of  resisting  the  disintegrating  influence  of  the 
weather  to  retain  these  impressions.  Thus  they  are  nowhere  to 
be  seen  on  the  coarse-grained  friable  syenite,  which  is  the  com- 

mon rock-formation  of  the  district :  but  where  this  rock  is 
intersected  by  dykes  of  the  more  durable  greenstone,  the  above- 
mentioned  signs  of  former  glacial  action  may  be  seen  well  deve- 

loped. There  are  therefore  in  this  region  ample  opportunities  of 
comparing  and  differentiating  phenomena  which  have  resulted  from 

"  glacial  action  "  and  those  which  are  due  to  "  soilcap-motion  " — a 
force  now  in  active  operation. 

I  may  here  observe  that  we  did  not  see  any  glaciers  worthy 
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of  the  name  either  on  the  western  islands  or  abutting  on  the  main- 
land shores  of  Patagonian  channels,  although  they  undoubtedly 

exist  further  eastward,  and  discharge  icebergs  at  the  head  of  some 
of  the  deep  fiords.  In  the  main  straits  of  Magellan  there  are  fine 
examples  of  complete  and  incomplete  glaciers,  where  one  may  ob- 

serve in  all  its  grandeur  the  wonderful  denuding  power  which  these 
ponderous  masses  of  ice  exercise  as  they  move  silently  along  their 
rocky  beds. 

Sir  Wyville  Thomson  (vide  '  Voyage  of  the  Challenger,'  the 
"  Atlantic,"  vol.  ii.  p.  245)  attributes  the  celebrated  "  stone  rivers  " 
of  the  Falkland  Islands  to  the  transporting  action  of  the  soilcap, 
which,  among  other  causes,  derives  its  motion  from  expansion  and 
contraction  of  the  spongy  mass,  due  to  varying  conditions  of  moisture 
and  comparative  dryness  ;  and  this  hypothesis  is  to  a  certain  extent 
supported  by  the  occurrences  which  I  am  now  endeavouring  to  de- 

scribe. Here,  in  Western  Patagonia,  are  evergreen  forests,  and  a 
dense  undergrowth  of  brushwood  and  mosses  clothes  the  hillsides 
to  a  height  of  about  1000  feet ;  and  this  mass  of  vegetation,  with 
its  subjacent  soil,  resting  as  it  frequently  does  upon  a  hillside 
already  planed  by  ice-action,  naturally  tends,  under  the  influence 
of  gravitation,  combined  with  that  of  expansion  and  contraction,  to 
slide  gradually  downwards  until  it  meets  the  sea  or  a  Lake  or  valley. 
In  the  first  two  cases  its  free  edge  is  then  removed  by  the  action  of 
the  water,  in  a  manner  somewhat  analogous  to  the  wasting  of  the 
submerged  snout  of  a  Greenland  glacier  in  the  summer  time ;  and 
in  the  last  case  the  valley  becomes  converted  into  a  deep  morass. 

It  appears  to  me  that  the  conditions  which  are  said  to  have 

resulted  in  the  production  of  the  "  stone  rivers  "  of  the  Falklands 
here  exist  in  equal  if  not  greater  force.  There  is  the  thick  spongy 
vegetable  mass  covering  the  hillsides  and  acted  on  by  varying  con- 

ditions of  extreme  moisture  and  comparative  dryness ;  there  are 
the  loose  blocks  of  disintegrating  syenite  to  be  transported;  and 
there  are  the  mountain-torrents,  lakes,  and  sea- channels  to  remove 
the  soil.  Of  actual  motion  of  the  soilcap  we  have  at  least  strong 
presumptive  evidence ;  but  nowhere  in  the  valleys  have  I  found 

any  thing  resembling  a  "  stone  river." 
It  might  perhaps  be  thought  that  a  slow  and  gradual  depression 

of  the  land  would  account  for  some  of  the  above  phenomena  ;  but 
I  have  seen  no  reliable  sign  whatever  of  subsidence,  and  have,  on  the 
contrary,  the  evidence  of  numerous  raised  beaches  and  the  work  of 
stone-boring  mollusca  at  heights  above  the  present  sea-level  to  prove 
that  elevation  of  the  land  has  taken  place. 

The  subject  is  one  full  of  interest ;  and  feeling  confident  that  it 
will  repay  further  investigation,  I  take  this  opportunity  of  bringing 
the  foregoing  observations  to  your  notice. 

Discussion. 

The  President  said  the  theory  brought  forward  in  this  paper 
would  very  well  account  for  some  cases  of  the  infilling  of  valleys, 
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lakes,  and  sea-margins,  and  was  especially  important  as  showing  how 
some  phenomena  ordinarily  attributed  to  ice  could  be  produced. 

Mr.  TJssher  asked  what  the  nature  of  the  subsoil  was. 

Mr.  Fordham  asked  for  information  as  to  the  origin  of  the  soil- 
cap,  and  its  formation  on  the  high  ground  from  which  it  was  stated 
to  be  slipping. 

Mr.  Hawkshaw  remarked  that  engineers,  to  their  cost,  were  well 
acquainted  with  the  unstable  condition  of  the  soilcap.  Small  dis- 

turbances often  set  in  motion  large  masses  not  only  of  clays  but  of 
rocks.  Good  examples  of  rock-movement  might  be  seen  on  the 
Bipponden  branch  of  the  Lancashire  aud  Yorkshire  Railway.  The 
surface  once  disturbed,  continued  to  move  for  long  periods.  In  some 
railway- cuttings  the  slopes  had  moved  for  twenty  years. 

Mr.  Spkatlino  called  attention  to  the  slipping  of  clay  in  the 
Erockley  cutting,  near  new  Cross. 

Mr.  Hudleston  said  this  paper  supplemented  Sir  Wyville  Thomson's 
observations  on  the  "  stone  rivers  "  of  the  Falkland  Isles,  where  he 
explained  the  accumulation  of  quartzite  blocks  by  this  kind  of  slip- 

ping. Such  observations  tended  to  show  how  some  of  the  old 
brec  ciasmight  have  been  formed  by  other  agencies  than  that  of  ice. 
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26.  Oil  the  precise  Mode  of  Accumulation  and  Derivation  of  tlu 
Moel-Tryfan  Shelly  Deposits  ;  on  the  Discovery  of  Similar 

High-level  Deposits  along  the  Eastern  Slopes  of  the  "Welsh 
Mountains;  and  on  the  Existence  of  Drift-zones,  showing 
probable  Variations  in  the  Rite  of  Submergence.  By  D. 
Mackintosh,  Esq.,  F.G.S.    (Read  April  27,  1881.) 

Contents. 

I.  Introductory  Remarks  on  the  variable  Character  of  the  Lower  Boulder- 
drift  of  the  Lake  District,  North  Wales,  &c. 

II.  Moel-Tryfan  Deposits,  &c. 
III.  Deposits  on  Halkin  Mountain,  Flintshire. 
IV.  Discovery  of  High-level  Deposits  of  Gravel  and  Sand  between  Minora 

and  Llangollen  Vale,  Denbighshire. 
V.  High-level  Gravel  and  Sand  near  Llangollen. 

VI.  Eemarks  on  the  High-level  Gravel  and  Sand  of  Macclesfield  Forest. 
VII.  Arrangement  of  the  Drift-deposits  of  North  Wales  into  Vertical  Zones, 

showing  probable  Variations  in  the  Eate  of  Submergence. 
VIII.  Concluding  Remarks  as  to  whether  the  Submergence  was  caused  by 

Subsidence  of  the  Land  or  Rising  of  the  Sea. 

I.  Introductory  Remarks  on  the  variable  Character  of  the 
Lower  Boulder  Drift  of  the  Lake  District,  North  Wales,  &c. 

Many  years'  observations  along  the  east  coast  of  the  Irish  Sea,  from  the 
Solway  Frith  southwards  to  the  estuary  of  the  Dee,  have  led  me  to  con- 

clude (as  stated  in  former  papers  published  in  this  Journal)  that  while 
the  Upper  Boulder-clay  is  a  remarkably  persistent  and  homogeneous 
formation,  and  while  the  line  of  separation  between  it  and  the 
cleanly  washed,  obliquely  laminated,  and  boulderless  sand  and  gravel 
(where  the  two  formations  are  present)  is  always  distinctly  marked, 
the  Lower  Boulder  formation  varies  both  vertically  and  horizontally 
from  compact  stony  clay  to  loam,  gravel,  and  sand.  This  is  more 
especially  the  case  in  the  neighbourhood  of  the  mountains  and  at 
comparatively  high  levels.  Around  the  mountains  of  the  Lake 
District  (where  it  is  called  pinnel)  it  is  often  interstratified  with  or 
replaced  by  well-laminated  and  often  contorted  sand  and  gravel,  as 
at  Ulverston  Railway  station,  between  Ulverston  and  Arrad  Foot, 
<fcc.  In  the  neighbourhood  of  Bangor,  though  a  stiff  Boulder- clay 
may  here  and  there  be  seen  lying  under  stratified  sand  and  gravel, 
the  two  kinds  of  drift  may  quite  as  often  be  found  in  horizontal 
succession ;  and  they  both  agree  in  containing  boulders  (see  VII. 
1  and  2). 

II.  Moel-Tryfan  Deposits,  &c. 

1.  Brief  History  of  Discovery. — In  1871,  and  again  in  1880  (last 
year),  I  had  opportunities  of  tracing  the  drift-deposits  of  Caernar- 

vonshire from  the  neighbourhood  of  Bangor  to  the  top  of  Moel 
Tryfan,  and  of  observing  a  number  of  facts  connected  with  the  Moel- 
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Tryfan  deposits  which  would  appear  to  have  escaped  the  notice  of 
previous  observers.  But  before  proceeding  to  the  main  subject,  it 
may  be  desirable  to  give  a  brief  account  of  the  discoveries  made  since 
the  first  published  account  of  the  deposits. 

Trimmer,  in  the  '  Proceediugs '  of  the  Geological  Society  for  1831, 
has  a  short  notice  of  the  Moel-Tryfan  drifts,  in  which  he  found  Bucci- 
num,  Venus,  Natica,  and  Turbo  (if  correctly  identified)  beneath  20  ft. 
of  sand  and  gravel.  In  vol.  i.  of  the  '  Journ.  of  the  Geological  Soc. 
of  Dublin'  (1838),  he  wonders  if  the  granite  as  well  as  the  flints  he 
found  on  Moel  Tryfan  came  from  Ireland.  [He  heard  of  quarrymen 
finding  sea-shells  on  Moel  Eaban,  near  Bethesda,  where  Darwin 
afterwards  could  find  no  trace  of  drift  likely  to  contain  shells.]  In 
his  work  on  Geology,  published  in  1841,  Trimmer  gives  a  general 
section  of  the  drift  from  Menai  Strait  over  Moel  Tryfan  to  Mynydd 
Mawr.  He  could  find  granite  erratics  only  at  eight  points  between 
Menai  Strait  and  Snowdon. 

Buckland,  in  1841,  found  rounded  chalk-flints  and  white  granite 
in  the  Moel-Tryfan  deposits.  His  paper  was  read  before  the  Geo- 

logical Society,  and  an  abstract  of  it  appeared  in  the  '  Athenaeum,'  in 1842. 

Darwin,  in  1842,  in  the  '  London,  Edinburgh,  and  Dublin  Phi- 
losophical Magazine  and  Journal  of  Science,'  gives  a  very  sug- 

gestive description  of  the  Moel-Tryfan  deposits.  He  found  boulders, 
chiefly  from  the  neighbouring  mountains,  but  likewise  rounded  flints 
and  white  granite.  Under  the  drift  he  saw  that  the  surface  of  the 
slate,  to  a  depth  of  several  feet,  had  been  shattered  and  contorted  in  a 
very  peculiar  manner.  He  did  not  find  shells ;  but  near  the  summit 
of  the  hill,  on  the  east  side,  he  saw  a  thickness  of  at  least  20  ft.  of 
irregularly  stratified  gravel  with  boulders  and  layers  of  sand  and 
fine  clay.  He  attributed  the  shattering  and  contorting  of  the  slates 
to  icebergs  grating  over  the  surface,  and  lifted  up  and  down  by  the 
tides.  The  shattered  and  rounded  slate  rocks  were  similar  to  what 
he  had  seen  in  Tierra  del  Euego.  He  believed  that  the  Chalk  flints 
had  been  brought  by  floating  coast-ice. 

Darbishire  gave  an  account  of  the  Moel-Tryfan  deposits  in  the 
'  Proc.  of  the  Manchester  Lit.  and  Phil.  Soc. '  for  1851-52,  and  in 
the  '  Geol.  Magazine,'  vol.  ii.  He  believed  that  a  layer  of  yellowish- 
brown  sandy  clay  1  ft.  9  in.  thick  had  preserved  the  shells  in  the 
underlying  sand  and  gravel.  He  collected  a  great  number  of  shells, 

a  list  of  which  may  be  found  in  Mr.  Shone's  paper  in  the  '  Quart. 
Journ.  Geol.  Soc'  for  May  1878,  and  in  Dr.  Gwyn  Jeffreys's  paper 
in  the  same  Journal  for  Aug.  1880. 

Lyell  and  Symonds,  in  1863,  visited  Moel  Tryfan,  and  found  a 
mass  of  incoherent .  stratified  sand  and  gravel,  35  ft.  thick,  with 
fragments  of  shells,  and  a  few  whole  specimens.  In  the  lower  beds 
they  saw  several  large  boulders  of  far- transported  rocks  glacially 
polished  and  scratched  on  more  sides  than  one. 

Eamsay  and  Etheridge,  in  1876,  examined  the  Moel-Tryfan  de- 
posits, and  found  that  the  boulders  were  chiefly  local,  and  that  the 

sand  and  gravel  were  obliquely  laminated,  similar  to  what  may  be 
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seen  on  a  sea-beach.  Ramsay  gives  a  comprehensive  account  of  the 
deposits  in  the  last  edition  of  his  '  Physical  Geography  and  Geology 
of  Great  Britain.'  He  specifies  the  indirectly  local  erratics  which, 
came  under  his  notice,  and  regards  the  mountain  from  what  may  be 
called  the  Snowdon  stand-point.  Though  he  had  previously  observed 
the  drift-sections  (in  1852),  it  would  appear  that  the  curved  slaty 
laminae  which  I  have  been  led  to  regard  as  the  most  interesting  of 
all  the  Moel-Tryfan  phenomena,  were  not  during  his  visits,  or  indeed 
during  the  visits  of  any  other  geologist  excepting  Darwin,  sufficiently 
striking  to  arrest  attention,  In  this  paper  the  mountain  will  bet 
principally  regarded  from  the  N.W.  and  J\r.  stand-points. 

2.  Deposition  during  Submergence. — It  seems  to  be  generally 
admitted  that  deposition  is  in  excess  during  submergence,  and  denu- 

dation during  emergence  ;  and  when  we  consider  the  thickness  of  and 
area  covered  by  the  Moel-Tryfan  deposits,  in  connexion  with  the 
fact  that  they  lie  on  a  sloping  surface,  and  reach  up  to  within  a  short 
distance  of  the  rocky  crest  of  the  hill,  the  idea  of  accumulation  during 
the  submergence  or  sinking  of  the  land  appears  the  most  probable, 
while  it  is  the  most  consistent  with  certain  facts  to  be  mentioned  in 
the  sequel. 

3.  Identification  of  the  Local  and  Erratic  Stones. — The  most  pre- 
valent pebble,  rock-fragment,  or  boulder  in  these  deposits  is  a  light- 

coloured  felstone,  which  may  have  come  from  the  Cambrian  conglo- 
merate of  the  upper  part  of  the  hill,  or  from  adjacent  hills.  The 

fragments  of  talcose  or  chloritic  schists  must  have  come  from  rocks 
like  those  which  are  now  found  in  the  tunnel  (near  the  top  of  the 
hill),  or  from  similar  rocks  in  the  hills  around  Moel  Tryfan.  The 
basaltic-] ooking  diorite  or  greenstone  may  have  come  from  bands  in 
the  hill  or  adjacent  hills.  Many  small  quartz  pebbles  in  the  drift 
may  have  come  from  the  Cambrian  conglomerate  already  mentioned*. 
The  numerous  fragments  of  slate  may  be  very  nearly  in  situ,  or  may 
likewise  have  come  from  neighbouring  hills.  There  are  many 
Eskdale  granite  pebbles,  and  a  smaller  number  of  granite  pebbles 
from  the  south  of  Scotland  (chiefly  Criffel).  Chalk  flints  are  rather 
numerous  (during  my  last  visit  they  predominated  in  a  particular 
part  of  the  excavation),  and  reach  a  height  of  about  1350  feet. 
Eskdale  granite  on  Moel  Tryfan  is  found  up  to  at  least  1350  feet 
above  the  sea,  or  64  feet  above  the  highest  range  of  the  rock  in  situ. 
Chalk-flints  in  situ,  in  Ireland,  as  Professor  Hull  has  informed  me, 
do  not  rise  higher  than  about  1000  feet  above  the  sea  ;  so  that  on 
Moel  Tryfan  their  height  is  350  feet  higher  (see  VIII. ).  On  Moel 
Tryfan  I  found  a  pebble  of  red  granite  of  unknown  derivation,  but 
exactly  of  the  same  kind  as  one  I  saw  on  the  beach  of  West  Cum- 

berland, and  one  on  the  Blackpool  beach. 
4.  Arrangement  of  the  Gravel  and  Sand. — Most  writers  on  the 

Moel-Tryfan  deposits  have  noticed  the  extent  to  which  the  sand  and 
fine  gravel  are  obliquely  laminated,  and  the  resemblance  they  bear 
to  what  may  be  seen  on  a  sea-beach.    The  sand  is  often  as  fine  as 

*  I  have  to  thank  Dr.  Hicks  for  assisting  me  in  tracing  the  derivation  of  the 
local  and  indirectly  local  stones. 
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blown  sand,  and,  when  I  last  saw  it,  was  in  course  of  being  blown 
by  the  wind,  from  the  brink  of  the  quarry-excavation,  over  the  grassy 
flat  above.  On  the  right-hand  side  of  the  tunnel,  where  there  is  no 
clay  above  the  sand,  the  latter  presents  a  peculiarly  involved 
appearance. 

On  the  left-hand  side  of  the  tunnel  (1880)  the  sand  inter- 
laminated  with  gravel  had  evidently  been  contorted  to  a  great  extent. 
The  shell-fragments  principally  occurred  in  layers  of  fine  gravel,  in 
one  place  chiefly  made  up  of  angular  flint  chips.  There  the  average 
thickness  of  the  sand  and  gravel  was  about  10  feet,  the  clay  above 
being  about  the  same  thickness.  When  Darbishire  saw  these  drifts 
about  thirty  years  ago  the  clay  was  only  about  1  ft.  9  in.  thick.  In 
different  quarry-excavations  at  different  levels  up  the  hill-side,  sections 
more  or  less  differing  in  their  character  have  been  revealed.  In 
1880  the  brink  of  the  drift-cliff  was  only  about  30  feet  below  the  base 
of  the  abruptly  rising  rocky  crest  of  the  hill ;  and  it  is  more  than 
probable  that  the  crest  once  rose  as  an  isolated  mass  of  rock  above 
the  surface  of  the  glacial  sea.  The  shelly  sand  and  gravel  (so  far 
as  aneroids  can  be  trusted)  extend  up  to  quite  1350  feet  above 
the  present  sea-level ;  and  they  have  been  found  as  low  down  as 
1170  feet. 

5.  Position  of  Boulders. — One  may  go  for  miles  along  a  railway- 
cutting  without  seeing  a  single  boulder  in  situ  ;  but  where  a  large 
clay-  or  gravel-pit  has  been  excavated  by  the  side  of  the  railway, 
many  boulders  may  be  seen  on  the  floor  of  the  pit,  the  explanation 
being  that  boulders  exposed  in  a  railway-bank  very  soon  tumble 
down  and  are  covered  up,  blasted,  or  removed.  It  is  therefore  wrong 
to  conclude  that  because  there  may  be  many  boulders  on  the  floor 
of  a  quarry  in  drift-covered  rock,  they  were  (as  boulders)  originally 
situated  at  the  base  or  towards  the  base  of  the  drift-deposits.  It  is 
probable  that  many  of  the  boulders  of  the  Moel-Tryfan  deposits 
which  now  lie  on  the  quarry  floor,  were  once  dispersed  at  various 
levels  in  the  overlying  drift ;  and  in  1871  I  saw  a  boulder  at  least 
3  feet  long  high  up  in  the  sand.  This  accords  with  the  fact  that  at 
lower  levels,  including  Anglesey,  very  large  boulders  may  sometimes 
be  found  imbedded  in  sand  or  fine  gravel  containing  shell-frag- 

ments, as  well  as  in  clay. 
6.  Bent  and  shattered  Edges  of  Slaty  Lamince. — In  1871  I  noticed 

that  the  edges  of  the  vertical  slates  were  bent  in  the  direction  of 
Mynydd  Mawr,  or  from  about  N.W.  to  S.E.  Darwin,  as  already 
stated,  observed  somewhat  similar  phenomena  in  1842,  which  he 
attributed  to  the  impact  of  floating-ice.  In  1880  I  happened  to  see 
what  may  be  called  a  magnificent  display  not  only  of  the  bending 
but  likewise  of  the  shattering  of  the  edges  of  the  slaty  laminae,  and 
of  the  extreme  contortion  of  the  laminae  of  sand  by  which  the  slates 
were  covered  (fig.  1) .  From  the  section  (which  from  the  quarry  upper 
floor  to  the  top  of  the  clay  is  at  least  20  feet  thick)  it  is  perfectly  clear 
that  the  sand  and  overlying  clay  must  have  been  deposited  before 
the  derangement  of  the  clay,  sand,  and  slaty  laminae  took  place. 
The  only  explanation  which  appears  sufficient  to  account  for  this 
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derangement  is  the  violent  stranding  of  an  iceberg  or  mass  of  floating 
ice  from  the  N.W.  on  the  previously  accumulated  clay,  which  it 
pressed  forwards  and  downwards  until  it  reached  the  sand,  which  it 
ploughed  up  and  inverted,  and  then  bent  and  shattered  the  edges  of 
the  slaty  laminae,  so  as  to  be  able  to  roll  up  parcels  of  clay  and 
slate- chips  in  the  sand.  The  line  marking  the  commencement  of 
the  slaty  curvature  is  nearly  horizontal ;  but  the  upper  termination 
inclines  slightly  in  the  direction  of  the  movement  of  the  floating  ice 
(at  first  probably  raised  a  little  above  the  level  of  flotation  by  the 
impact,  and  afterwards  slightly  lowered  so  as  to  regain  its  normal 
level).  This  section  bears  no  real  resemblance  to  some  which  are 
found  in  districts  where  traces  of  ice-action  are  absent,  and  which 
are  believed  by  some  geologists  to  have  been  caused  by  ordinary 
atmospheric  action.  On  Moel  Tryf  an  the  finely  laminated  sand  shows 
no  trace  of  having  ever  been  disturbed  by  the  percolation  of  rain- 

water or  by  frost,  while  the  preservation  of  the  numerous  shell- 
fragments  in  continuous  though  contorted  layers  of  sand  and  fine 
gravel  has  evidently  (as  Darbishire  long  ago  pointed  out)  been 
owing  to  the  clay  preventing  the  downward  passage  of  rain-water. 
As  Moel  Tryfan  is  in  the  midst  of  a  glaciated  district,  and  as  ice 
capable  of  bending  the  slates  and  contorting  the  sand  must  have 
brought  the  erratic  stones,  including  chalk-flints  from  Ireland,  why 
have  recourse  to  any  other  supposition  to  account  for  the  phe- 

nomena ? 

Fig.  1. — Laminated  Sand  and  Bent  Slates  on  Moel  Tryfan. 
B.E.  N.Wo 

A  A,  Slates ;  B  B,  Sand,  with  parcels  of  slate-chips  and  Boulder-clay ; 
C  C,  Boulder-clay. 

7.  Direction  of  Floating  Ice  in  Ireland. — According  to  the  Bev„ 
M.  H.  Close  the  principal  direction  of  floating  ice  in  Ireland  during 
the  glacial  submergence  was  from  about  to  S.E. ;  so  that  the 
local  floating  ice  would  only  have  to  persevere  in  this  direction, 
after  leaving  Ireland,  in  order  to  reach  Moel  Tryfan. 

8.  Were  all  the  Moel-Tryfan  Shells  brought  by  Floating  Ice  ? — 
This  idea  would  appear  to  be  untenable  for  the  following  reasons : — 
(1)  The  shells  must  at  first  have  been  somewhere  in  situ,  and  why 
not  on  Moel  Tryfan  ?  (2)  The  Mollusca  may  have  lived  where  the 
erratic  stones  were  imported  as  well  as  where  they  were  exported. 
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(3)  Shells  have  not  been  found  in  Eskdale  on  the  old  sea-coasts  from 
which  the  granite  erratics  on  Moel  Tryfan  were  transported  when 
the  land  was  deeply  submerged  (see  11). 

9.  Cause  of  the  Absence  of  similar  Deposits  on  the  Lower  Slopes  of 
the  Hill, — It  has  often  been  remarked  that  beach-like  deposits  with 
shells  have  not  been  found  on  Moel  Tryfan  excepting  towards  the 
summit  of  the  hill.  It  is  perhaps  too  early  to  speak  positively  on 
this  point,  as  there  is  a  bare  possibility  of  patches  of  such  deposits 
being  yet  discovered.  But  the  cutting  for  the  railway  above  Bryn- 
gwyn,  which  extends  from  near  the  base  to  near  the  summit  of  the 
hill,  shows  no  trace  of  laminated  sand  and  rounded  fine  gravel,  but, 
on  the  contrary,  is  everywhere  a  Boulder-clay,  or  clayey  loam,  with 
stones,  chiefly  angular  or  sub  angular.  The  drift  on  the  north  side  of 
the  hill,  so  far  as  revealed  by  cart-roads,  is  somewhat  similar  to  that 
above  Bryn-gwyn,  excepting  towards  the  summit,  where  there  are 
patches  of  gravel  and  sand  interstratified  with  clay  and  loam.  The 
cause  of  the  difference  in  the  deposits  near  the  summit  and  lower 
down  cannot  (at  least  principally)  be  a  difference  in  the  sources  of 
supply  of  the  lower  and  higher  drifts,  because  the  materials  for  the 
elaboration  of  fine  sand  and  gravel  exist  on  the  hill-slopes  at  low  as 
well  as  at  high  levels.  The  most  probable  explanation  seems  to  be 
that  the  submergence  of  the  lower  slopes  of  Moel  Tryfan  went  on  too 
rapidly  to  allow  sufficient  time  for  the  accumulation  of  well-rounded 
beach  shingle  and  sand  (see  sequel). 

10.  Moel-Tryfan  Shells  and  Erratics  not  pushed  up  hill  by  Land- 
ice. — It  has  been  asserted  (though  this  is  not  the  general  opinion) 
that  all  the  shells,  along  with  the  erratic  stones,  were  pushed  out 
of  the  bed  of  the  Irish  Sea  as  far  south  as  Moel  Tryfan,  and  then 
up  the  hill-slopes  nearly  to  the  summit  by  land-ice.  But  an  inti- 

mate acquaintance  with  the  character  of  the  Moel-Tryfan  deposits 
precludes  this  idea ;  for,  if  it  were  a  true  explanation,  the  shells  and 
erratic  stones  would  have  diminished  in  number  the  higher  up  they 
were  pushed.  But,  on  the  contrary,  the  shells  and  erratics  in  the 
drifts  near  the  sea  are  fewer  in  number  than  on  Moel  Tryfan. 
This  theory  would  likewise  require  to  invest  the  land-ice  with  the 
power  of  rounding  the  pebbles  derived  from  the  upper  part  of  the 
hill,  and  laminating  the  sand  and  fine  gravel ;  for  it  ought  to  be 
remembered  that  though  the  sand  and  gravel  are,  in  places,  much 
contorted  on  Moel  Tryfan,  the  contortion  was  evidently,  in  many 
instances,  produced  after  their  accumulation. 

11.  Shells  found  by  the  Author. — As  my  main  object  was  not  to 
look  for  shells,  only  the  following  nine  species  were  named  for  me 
by  Dr.  Gwyn  Jeffreys  out  of  a  number  of  fragments  I  collected  :— 

Cardium  echinatum.  Tellina  balthica. 
  edule.  Mactra  solicla,  var.  elliptica. 

Cjprina  islandica.  Saxicava  rugosa. 
Astarte  sulcata.  Purpura  lapillus.  borealis. 

It  is  quite  consistent  with  the  remark  made  in  section  8,  that- 
some  of  the  Moel-Tryfan  shells  may  have  been  brought  along  with 
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erratic  stones  from  a  distance  by  floating  ice,  provided  we  admit  that 
Moel  Tryf an  may  have  returned  the  compliment ;  and  a  number  of 
shell  fragments  which  I  found  along  with  small  flint  chips  certainly 
looked  as  if  both  had  been  brought  and  deposited  at  the  same  time, 
though  their  final  juxtaposition  in  the  lamina  to  which  (in  that  part 
of  the  section)  they  were  limited  must  evidently  have  been  the 
result  of  rearrangement  on  the  spot. 

12.  High-level  Gravel  and  Sand  in  other  parts  of  Caernarvon- 
shire.— Wear  the  summit-level  of  the  pass  of  Llanberis,  some  years 

ago,  I  saw  a  striking  section  of  obliquely  laminated  sand  and  fine 
gravel,  probably  about  1000  feet  above  the  sea-level.  The  extent  to 
which  the  stones  were  rounded,  the  arrangement  of  the  laminae,  and 
the  position  of  the  deposit  (being  away  from  any  channel  which 
could  have  conducted  a  freshwater  stream),  all  pointed  to  its  being 
of  marine  origin,  though  I  did  not  see  any  shells.  Above  Bethesda, 
near  a  farm-house  marked  Gwaun-y-gwiail  on  the  Ordnance  map 
(probably  about  1000  feet  above  the  sea),  a  gravel-pit  shows  lami- 

nated and  contorted  gravel  and  sand,  in  which  (for  reasons  which 
need  not  be  stated)  I  had  not  time  to  look  for  shells ;  but  Trimmer 
told  Ramsay  that  he  had  found  shells  in  that  neighbourhood  up  to 
from  1000  to  1200  feet  above  the  sea.  It  does  not  seem  to  be 

well  known  that  Eamsay  found  shells  in  Boulder-clay  on  Pridd 
Bryn-mawr  (west  of  Llanberis)  at  a  height  of  about  1000  feet  above 
the  sea. 

13.  High-level  Gravel  and  Sand  in  Ireland. — It  may  be  neces- 
sary to  complete  this  account  of  high-level  marine  drifts  in  the 

western  part  of  Wales  b}^  adding  a  brief  statement  of  what  Close 
found  on  the  Three-rock  Mountain  near  Dublin  (see  Geol.  Mag.  vol.  i. 
Decade  ii.  1874).  He  collected  shells  from  gravel-pits  at  850  feet, 
1000,  1100,  and  a  little  higher  than  1200  feet  above  the  sea. 
The  Three-Rock  Mountain  consists  of  granite ;  but  the  stones  com- 

posing the  gravel  were  very  nearly  all  limestone,  which  must  have 
been  brought  by  floating  ice  from  the  N.W.  They  were  nearly  all 
subangular ;  but  the  deposits  partly  consisted  of  clean  stratified 
gravel  and  sand  [showing  the  action  of  the  sea  on  the  spot?].  He 
believed  that  the  shells  were  brought  along  with  the  stones  by 
floating  ice,  because  both  were  scratched.  He  found  more  or  less 
clay  above  the  shelly  deposits,  and  was  led  to  believe  that  the 
mountain  must  have  been  submerged  up  to  1760  feet.  The  Three- 
rook  Mountain  is  related  to  Moel  Tryfan  by  the  altitude  of  its  shelly 
drifts,  and  by  the  direction  of  the  floating  ice  which  brought  its 
erratic  stones. 

III.  Deposits  on  Halkin  Mountain,  Flintshire. 

Several  years  ago  I  read  an  account  of  these  deposits  before  the 
Chester  Natural-Science  Society.  Since  then  they  have  been  mapped 
by  the  Geological  Surveyors.  The  mountain,  including  its  westerly 
continuation  as  far  as  the  Yale  of  Clwyd,  is  a  plateau  surrounded  on 
all  sides  by  lower  ground,  so  as  to  render  it  certain  that  the  mounds 

Q.  J.  G.  S.  No.  147.  2  b 
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of  gravel  and  sand  on  its  summit  could  never  have  been  accumulated 
by  the  action  of  fresh  water  flowing  onto  it  from  a  higher  level.  The 
mounds  range  from  about  750  to  about  900  feet  above  the  sea.  The 
rounded  stones  they  contain  are  chiefly  local  limestone  and  grit  of 
Carboniferous  age ;  but  Eskdale  granite  and  Lake-District  felstone 
may  be  found  in  some  places,  and  chalk  flints  may  occasionally  be 
seen.  The  most  striking  mounds  in  which  excavations  have  exposed 
sections  are  one  situated  near  Brynford  (not  far  from  Holywell) 
and  another  towards  the  S.E.  end  of  the  mountain.  The  latter  is 

named  Moel-y-Crio  on  the  Ordnance  map,  and  rises  from  the 
summit  of  a  ridge  about  950  feet  above  the  sea,  with  ground  falling 
all  around  it,  except  on  one  side,  where  for  some  distance  it  is 
nearly  horizontal,  and  then  falls  to  a  lower  level.  It  would  appear 
to  have  been  accumulated  not  so  much  by  wave-action  as  by  the 
piling  agency  of  sea-currents  while  meeting  or  parting. 

Pig.  2. — Perched  Gravel-mound  on  HcdTcin  Mountain. 

The  Halkin-Mountain  deposits  of  gravel  and  sand  occur  at  a 
lower  level  than  the  other  high-level  marine  drifts  described  in  this 
paper ;  and  they  are  not  very  distinctly  separated  (excepting,  in 
most  places,  along  the  east  side)  from  the  low-level  gravel  and  sand, 
which  extends  upwards  from  the  sea-coast,  and  inland  along  the  pass 
between  Mold  and  Bodfari,  which  is  traversed  by  the  Chester  and 
Denbigh  Kailway.  Exceedingly  few  shell-fragments  have  been 
found  in  the  gravel  and  sand  of  Halkin  Mountain ;  but  its  compara- 

tively flat  summit,  in  places  surrounded  by  ridges,  must  have  been 
very  favourable  to  the  accumulation  of  rock  -fragments  derived  from 
the  inner  slopes  of  the  ridges ;  while  it  is  easy  to  understand  that 
these  fragments,  instead  of  being  washed  down  the  mountain-sides 
into  deep  water,  would  remain  for  a  considerable  time  at  the  mercy 
of  sea-waves,  so  as  to  become  more  or  less  rounded  and  smoothed  by 
attrition.  It  ought  likewise  to  be  remembered  that  the  mountain, 
while  an  island,  must  have  been  exposed  all  round  its  coasts  to 
winds,  which,  by  increasing  the  power  of  breakers,  may  have  expe- 
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ditcd  the  process  of  rounding  stones;  so  that  in  the  case  of  the 
summit  of  this  mountain  (which  is  situated  at  a  lower  level  than 
that  of  the  gravel  and  sand  on  Moel  Tryfan,  Frondeg,  Macclesfield 
Forest,  &c.)  it  is  not  necessary  to  suppose  that  the  land  subsided 
more  slowly  than  at  the  levels  immediately  below  and  above,  so  as 
to  afford  more  time  for  elaborating  rounded  gravel  and  sand.  As 
already  hinted,  the  scarcity  of  shell-fragments  accords  with  the 
idea  that  the  rate  of  submergence  was  not  sufficiently  slow  to  allow 
much  time  for  the  growth  and  accumulation  of  Mollusca.  It  ought 
likewise  to  be  stated  that  on  many  parts  of  the  mountain  the  stones 
in  the  gravel-beds  are  not  much  rounded. 

IV.  Discovery  oe  High-level  Deposits  of  Gravel  and  Sand 
BETWEEN  MlNERA  AND  LLANGOLLEN  YaLE,  DENBIGHSHIRE. 

For  a  long  time,  while  travelling  by  railway  between  "Wrexham and  Euabon,  I  fancied,  from  the  surface- configuration  of  the  eastern 
or  outer  slope  of  the  range  of  mountains  between  Minora  and  Llan- 

gollen vale,  that  marine  gravel  might  there  be  found  at  about  the 
same  height  as  on  Moel  Tryfan  ;  but,  being  then  bent  on  finding 
sea-shells  at  higher  levels  than  the  Moel-Tryfan  deposits,  I  did  not 
explore  the  district  until  near  the  close  of  last  year  (1880).  From 
the  railway,  for  some  distance  westward,  the  ground  is  flat  or  gently 
undulating,  with  an  average  elevation  of  between  300  and  500  feet. 
In  many  places  sand  may  be  found  under  a  deposit  which  is  hori- 

zontally continuous  with  the  upper  Boulder-clay  of  Cheshire ;  and 
here  and  there  the  sand,  graduating  into  gravel,  rises  in  the  form 
of  mounds  or  knolls.  From  the  commencement  of  the  gradual  rise 
of  the  ground  in  a  westerly  direction  up  to  about  1000  feet  the  pre- 

vailing drift  is  a  clay  or  loam,  with  angular  stones  and  large  Carbo- 
niferous-grit boulders  from  the  mountain-range  above  mentioned. 

At  about  1000  feet  the  ground  rather  suddenly  rises,  and  the  stones 
(as  may  be  seen  in  ploughed  fields  &c.)  become  more  or  less  rounded. 
A  little  west  of  Braich,  in  the  district  called  Frondeg  (see  1-inch 
Ordnance  map),  the  ground  abruptly  swells  into  a  series  of  ridges 
and  hillocks,  which  consist  of  well-rounded  gravel  and  sand. 

1.  Surface-configuration  and  Character  of  the  Deposits. — In  the 
Frondeg  district  the  gravel  and  sand  knolls,  with  intervening  or  ad- 

jacent deposits  of  a  similar  character,  extend  for  about  a  mile  and 
a  half  from  north  to  south,  and  about  one  third  of  a  mile  in  breadth 
from  east  to  west ;  but  as  similar  accumulations  are  repeated  at  inter- 

vals as  far  south  as  Mountain  Lodge,  the  whole  length  of  the  deposits 
may  be  about  three  miles — that  is,  supposing  they  extend  no  further 
south.  On  walking  from  Braich  to  the  summit  of  the  mountain-range 
in  a  westerly  direction,  after  passing  the  gravel  mounds,  the  surface 
becomes  very  flat  and  covered  with  peat.  The  breadth  of  the  flat 
(which  in  some  places  extends,  with  a  very  gentle  ascent,  as  far  as 
the  summit  of  the  ridge,  in  other  places  not  quite  so  far)  is  about 
half  a  mile.  So  far  as  can  be  seen  in  brook-channels,  the  peat 
overlies  a  deposit  of  clay  with  angular  stones  and  large  angular 

2b2 
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boulders.  The  summit  of  the  ridge  varies  from  about  1450  feet  to 
about  1500  feet.  The  well-rounded  gravel-and-sand  commences 
about  1100  feet  (west  of  Braich),  and  extends  in  a  westerly  direction 
up  to  about  1350  feet.  The  hillocks  (west  of  Braich),  in  one  of 
which  I  found  numerous  shell-fragments  in  a  gravel-pit,  range  in 
height  from  about  1100  feet  to  about  1250  feet.  Above  Mountain 
Lodge  (S.  of  Frondeg)  there  is  a  gravel-pit  in  a  knoll  about  1200 
feet  above  the  sea,  and  one  further  west  (in  which  I  found  shell- 
fragments)  about  1230  feet.  But  the  plateau,  near  the  south  edge  of 
which  these  pits  are  situated,  consists  of  rounded  gravel-and-sand, 
which,  in  a  westerly  direction,  rises  to  at  least  1350  feet  above  the 
level  of  the  sea*.  In  the  gravel-pits  and  in  the  neighbourhood 
where  sections  are  exposed  in  brook-channels,  the  stones,  especially 
in  the  Frondeg  district,  are  very  much  rounded,  more  so,  in  fact, 
than  on  the  shores  of  the  Irish  Sea,  where  many  of  the  stones  (being 
derived  from  drift-deposits)  have  undergone  a  double  process  of 
rounding.  This  is  the  case  especially  with  the  Eskdale-granite 
pebbles,  which,  in  the  Frondeg  gravel-pit,  are  almost  as  numerous 
as  the  local  pebbles  of  Carboniferous  grit  or  sandstone.  In  addition 
to  these,  there  are  chalk-flints,  pebbles  of  Lake-district  felstone 
and  felspathic  breccia,  and  local  pebbles  or  fragments  of  Carboni- 

ferous limestone,with  much  decomposing  coal  and  many  coal-measure 
fossils,  which  can  be  best  accounted  for  by  supposing  them  to 
have  been  locally  worked  up  from  strata  now  concealed  under  the 
drift-deposits.  In  the  Mountain-Lodge  gravel-pits  there  are  many 
Carboniferous-limestone  fossils,  and  much  granite. 

2.  Shell-fragments.  —In  the  Frondeg  gravel-pit  shell-fragments 
are  very  numerous,  but  I  could  find  no  whole  specimens.  This  can 
readily  be  explained  by  supposing  that  the  excessive  attrition  to 
which  the  extra-rounded  pebbles  were  subjected  must  have  extended 
to  the  shells  which  were  thrown  up  on  the  sea-beach.  Among  the 
fragments  I  collected  from  the  Frondeg  gravel-pit,  and  partly  from 
one  of  the  Mountain-Lodge  gravel-pits,  Dr.  Gwyn  Jeffreys  has 
identified  the  following  species  : — 

Cardium  echinatum,  Linne.  Tellina  balthica,  L. 
C.  edule,  L.  Mactra  solida,  L. 
Cyprina  islandica,  L.  Mya  truncata,  L. 
Astarte  borealis,  Chemnitz.  Fusus  antiquus,  L. 

3.  Position  of  Boulders. — So  far  as  can  be  seen  in  the  gravel- 
pits  and  brook-sections,  the  large  angular  boulders  are  chiefly  to  be 
found  in  the  clay,  which  extends  under  peat,  from  the  west  border 
of  the  gravel-hillock  zone  up  to  near  or  (in  some  places)  quite  to  the 
summit  of  the  mountain-range.  They  are  likewise  found,  some- 

times thickly  strewn,  on  the  surface  of  the  clay,  and  to  a  less 
extent  on  the  surface  of  large  mounds,  which  partly,  at  least,  con- 

sist of  rounded  gravel.  They  may  also  be  seen  scattered  over  the 
lower  country  as  far  east  at  least  as  the  railway.    In  the  Frondeg 

*  I  have  to  thank  the  Director  of  the  Ordnance  Survey,  Southampton,  for 
some  of  the  above  heights. 
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district,  where  they  consist  of  Carboniferous  grit  or  sandstone 
(and  partly  of  quartzose  conglomerate),  many  of  them  must  have 
been  floated  in  an  easterly  direction  from  near  the  summit  of  the 
mountain-range  after  the  submergence  had  reached  that  altitude  ; 
for  how  otherwise  can  their  position  on  the  surface  of  the  drift- 
deposits  be  explained  ? 

4.  Junction  of  the  Arenig -felstone  and  Eshdale-granite  Dispersions. 
— West  of  Frondeg,  on  the  summit-level  of  the  mountain-range,  about 
1500  feet  above  the  sea,  and  extending  a  short  distance  eastwards, 
the  stones,  with  the  exception  of  those  of  local  derivation,  consist  of 
Arenig  felstone  ;  and  large  boulders  of  the  same  felstone  are  found 
on  or  near  to  the  summit  of  the  range  further  south,  as  well  as 
strewn  over  the  whole  district  between  there  and  the  Great  Arenig 
mountain.  I  was  surprised  to  find  so  great  a  number  of  Arenig 
pebbles  on  the  ridge  west  of  Frondeg,  and  equally  surprised  to  dis- 

cover that  they  abruptly  terminated  in  an  easterly  direction  not  far 
from  the  water-parting,  where  their  place  (with  very  little  dove- 

tailing) was  taken  by  Eskdale  granite,  reaching  up  to  about 
1400  feet.  I  arrived  at  the  conclusion  that  there  the  northern-drift 
current  which  floated  the  Eskdale  erratics  was  sufficiently  powerful 
to  turn  aside  the  current  by  which  the  Arenig  erratics  were  floated 
from  the  west.  I  cannot  believe  that  the  latter  could  have  been 

brought  by  land-ice,  because  it  appears  improbable,  if  not  impos- 
sible, that  land-ice  proceeding  from  the  Arenig  mountain  could 

have  attained  a  surface-level  of  1500  feet  (above  the  present  sea) 
by  the  time  it  reached  the  ridge  west  of  Frondeg ;  and  it  may  like- 

wise be  remarked  that  as  Arenig  erratics  have  been  found,  not  far 
from  this  ridge,  on  Cyrn-y-brain  up  to  a  height  of  1830  feet,  the 
supposed  land-ice  which  brought  them  must  have  reached  as  high  as 
that  level,  while  further  S.W.,  on  Moel  Gamelin,  it  must  have 
reached  to  about  1900  feet*.  This  is  about  the  limit  reached  by 
the  glacial  submergence  in  the  N.W.  part  of  Wales,  where  (as  well 
as  in  the  Frondeg  district)  the  upward  termination  of  the  zone  of 
rounded  gravel-and-sand  may  be  explained  by  an  increased  rapidity 
in  the  rate  of  submergence  having  deprived  the  sea  of  the  time 
required  to  round  stones  by  a  process  of  combined  rolling  and 
attrition  f . 

5.  Frondeg  Erratic  Stones  and  Shells  not  transported  by  Land- 

*  See  my  paper  on  the  Boulders  of  North  Wales  in  Quart.  Journ.  Greol.  Soc. 
vol.  xxx.  (1874),  p.  711. 

t  Mr.  S.  V.  Wood,  F.Gr.S  ,  has  written  to  me  to  the  effect  that  he  regards 
the  discoveries  I  made  in  the  Frondeg  district  as  corroborating  the  conclusion 
at  which  he  arrived  after  reading  my  paper  on  boulders  (Quart.  Journ.  Geol. 
Soc.  vol.  xxxv.  (1879),  p.  425),  namely  that  land-ice  extended  from  the  Arenig 
mountain  to  the  top  of  the  ridge  west  of  Frondeg,  on  which  it  left  the  Arenig 
erratics  ;  while  floating  ice  from  the  Lake  District  brought  the  Eskdale  errat  ics 
to  the  edge  of  the  land-ice  which  prevented  them  from  reaching  further  west,  at 
the  time  when  the  submergence  culminated  at  about  1400  feet.  Mr.  Wood 
likewise  believes  that  the  land-ice  of  the  central  part  of  North  Wales  spread 
out  towards  the  N.E.  and  north,  so  as  to  prevent  the  erratics  brought  by  floating 
ice  from  the  north  from  getting  into  the  interior  of  the  country. 
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ice. — The  idea  of  the  granite  pebbles  of  the  Frondeg  dis- 
trict having  been  brought  by  land-ice  is  opposed  by  the  fact 

that  few  Eskdale-granite  pebbles  (so  far  as  I  have  noticed)  are 
to  be  found  between  Frondeg  and  the  estuary  of  the  Dee  (the 
direction  in  which  the  ice  would  most  probably  move)  excepting 
near  the  Dee  estuary.  There  is  likewise  an  equal  absence  of  shell- 
fragments  in  the  drift-deposits  where  the  latter  are  present ;  but 
it  is  a  remarkable  fact  that  a  great  part  of  the  area  intervening 
between  Frondeg  and  the  Dee  estuary  is  free  from  drift.  Sup- 

posing the  erratics  and  shells  to  have  been  pushed  forward  under 
the  ice,  they  ought  to  be  represented  over  the  whole,  or  at  least  the 
greater  part,  of  the  intervening  area,  while  no  one  would  suppose 
that  the  numerous  extra-rounded  pebbles  of  Frondeg  could  have 
come  in  the  form  of  a  supraglacial  moraine. 

6.  Probable  Decrease  in  the  Rate  of  Submergence. — It  has  already 
been  remarked  that  from  about  500  feet  to  about  1000  feet  on  the 

east  side  and  flanks  of  the  mountain-range  under  consideration  the 
stones  in  the  drift  are  generally  angular  or  subangular,  while 
above  1000  feet  they  are  generally  rounded,  and  in  many  places 
extra-rounded.  It  is  likewise  true  that  of  the  standard  Frondeg 
erratics,  namely  Eskdale-granite,  not  one  in  fifty  can  be  found  in  the 
comparatively  low-level  drifts  between  the  mountain-range  and  the 
railway,  while  in  the  Frondeg  district,  above  1000  feet,  Eskdale- 
granite  pebbles  are  very  numerous.  We  have  no  reason  for  sup- 

posing that  the  sea  in  this  latitude  was  sufficiently  warm  to  melt 
the  floating  ice,  so  as  to  cause  the  precipitation  of  many  erratic 
stones.  On  the  contrary,  the  great  number  of  granite  pebbles 
which  have  found  their  way  as  far  south  as  Shrewsbury  (where  they 
are  rather  numerous  in  the  lower  Boulder-gravel,  though  not  in  the 
upper  clay),  and  the  much  greater  number  (within  a  limited 
breadth  of  area)  which  reached  as  far  south  as  Burton  (S.W.  of 
Broseley)*  would  seem  to  indicate  that  where  many  of  these 
pebbles  are  found  crowded  in  a  small  compass  (as  in  the  Frondeg 
district)  they  were  left  by  the  stranding  and  consequent  breaking- 
up  of  floating  ice.  At  this  period  the  district  was  probably  in  the 
condition  of  a  littoral  zone,  which  may  have  lasted  for  a  time 
sufficient  to  enable  the  waves  to  round  the  stones  and  to  allow 
the  Mollusca  to  multiply  in  the  littoral  and  sublittoral  zones,  and 
thereby  furnish  many  shells  destined  to  be  reduced  to  fragments  by 
the  rolling  and  grinding  of  stones  on  a  much-exposed  sea-coast. 
But  a  protracted  sojourn  of  sea-waves  in  what  is  now  the  Frondeg 
district  is  likewise  indicated  by  the  time  required  for  the  accumula- 
lation  of  the  immense  number  of  erratic  stones.  That  these 
stones  were  rounded  approximately  in  situ  is  evident  from  the  fact 
that  at  the  high  levels  in  the  Eskdale  district,  from  which  the 
stones  must  have  been  launched,  the  stones  are  all  more  or  less 
angular. 

*  See  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  (1879).  p. 425.  The  Frondeg  erratics 
are  not  mentioned  in  this  paper,  as  I  had  not  discovered  them  when  the  paper 
was  written. 
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Y. — High-level  Gravel  and  Sand  near  Llangollen. 

Around  Llangollen  and  elsewhere  in  North  Wales  a  kind  of 
loamy  clay,  or  clayey  wash,  often  forms  the  surface  of  the  ground, 
and  conceals  what  lies  underneath.  It  may  have  been  partly 
deposited  as  the  land  sank  into  deeper  water,  and  partly  during  the 
rising  of  the  land.  The  existence  of  an  unknown  extent  of  gravel 
and  sand  under  this  clay  at  a  high  level  might  never  have  been  dis- 

covered but  for  the  excavation  of  a  pit  a  short  distance  east 
of  Ehos  Pengwern  farm,  in  a  field  nearly  1200  feet  above  the 
sea-level.  Under  about  3  feet  of  clay,  with  perfectly  angular 
stones,  there  is  an  unknown  thickness  of  fine  and  coarse  gravel  and 
sand  arranged  in  laminae  more  or  less  arch- shaped.  The  stones  are 
considerably  rounded  and  smoothed,  though  the  sand  does  not 
appear  to  have  been  very  cleanly  washed.  There  can,  however,  be 
no  doubt  about  its  being  a  sea-coast  or  shallow-sea  deposit  (though 
I  could  not  find  any  shell-fragments),  as  its  situation  precludes  the 
idea  of  its  having  been  accumulated  by  any  freshwater  stream. 
More  extensive  excavations  are  required  to  show  both  its  horizontal 
and  vertical  extent.  At  lower  levels  down  to  about  500  feet  or 
400  feet  above  the  sea  the  drift  contains  scarcely  any  rounded 
stones,  while  it  is  particularly  worthy  of  remark  that  in  a  pit  at 
the  east  end  of  Grouse-box  Hill  (not  far  from  Pengwern  pit)  about 
1300  feet  above  the  sea,  the  gravel  is  perfectly  angular,  and  con- 

tinues so  up  to  the  summit  of  the  hill,  1715  feet  above  the  sea. 

YI. — Remarks  on  the  High-level  Gravel  and  Sand  of 
Macclesfield  Forest. 

The  identity  in  level  of  the  Prondeg  and  Macclesfield-Forest 
deposits  reuders  it  appropriate  that  some  notice  should  be  taken  of 
the  latter.  They  were  discovered  by  Professor  Prestwich  in  1862, 
near  the  Setter  Dog  Inn,  at  an  altitude  between  1100  and 
1200  feet  above  the  sea.  He  found  more  or  less  clay  both  below 
and  above  the  shelly  gravel  and  sand ;  but  I  should  be  inclined  to 
regard  the  clay  above  as  on  a  horizon  distinct  from  that  of  the 
upper  Boulder-clay  of  the  plain  of  Cheshire,  and  more  or  less  allied 
to  the  patches  of  clay  or  loam  which  overlie  the  high-level  gravel 
and  sand  of  North  Wales.  I  found  the  shelly  gravel  near  the 
Setter  Dog  Inn  graduating  eastward  and  upward,  in  the  direction  of 
Shining  Tor,  into  angular  gravel  at  a  height  of  more  than  1350  feet 
above  the  sea.  At  a  greater  height,  in  an  easterly  direction,  all  the 
gravel  is  angular;  but  S.E.  of  the  Setter  Dog,  in  Chapel  Lane, 
rounded  erratics  may  be  found  up  to  about  1400  feet.  Prom  these 
facts  it  would  appear  that  the  two  gravel  districts,  the  one  on  the 
west  (Prondeg),  and  the  other  on  the  east  (Macclesfield  Porest),  cor- 

respond almost  exactly  in  level. — Near  Clulow  Cross,  some  distance 
south  of  Macclesfield  Forest,  Mr.  Sainter  (of  Macclesfield)  has  dis- 

covered gravel  and  sand  with  sea-shells  about  1130  feet  above  the 

sea  (see  his  interesting  work  entitled  '  Rambles  round  Macclesfield'). 
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So  far  as  I  can  recollect,  the  western  slopes  of  the  Penine  hills 
between  the  above-mentioned  levels  and  the  plain  of  Cheshire  are 
comparatively,  if  not  entirely,  free  from  rounded  gravel ;  but  I 
hope  to  have  an  early  opportunity  of  speaking  with  certainty  on 
this  subject. 

VII. — Arrangement  op  the  Drift-deposits  of  North  Wales 
into  Vertical  Zones,  showing  probable  Variations  in  the 
Hate  of  Submergence. 

The  existence  of  the  above  rounded  gravel-  and  sand-deposits, 
with  shells,  at  about  the  same  level  in  different  parts  of  North 
Wales,  and  likewise  in  England  and  Ireland,  could  scarcely  have 
been  the  result  of  accident.  At  a  somewhat  lower  level  than  these 
deposits  the  drifts  are  angular,  with  a  few  exceptions,  which  may 
have  arisen  from  local  conditions  having  been  unusually  favourable 
to  the  rounding  of  stones  by  rolling  and  attrition.  Above  the  level 
of  the  shelly  deposits  rounded  gravel  and  sand  with  shells  would 
appear  to  be  everywhere  absent.  If  the  time  required  for  rounding 
stones  be  viewed  in  connexion  with  that  necessary  for  the  migration 
and  multiplication  of  Mollusca  (as  already  remarked),  it  will  not 
appear  too  fanciful  to  suppose  that  the  rate  of  submergence  was 
slower  (probably  much  slower)  in  what  may  be  called  the  rounded 
gravel  and  shelly  zone  than  in  the  zones  above  and  below,  especially 
as  it,  is  a  priori  improbable  that  the  submergence  (up  to  at  least 
1350  feet  above  the  present  sea-level)  progressed  at  a  uniform  rate. 
Many  believe  that  the  submergence  terminated  at  the  upper  limit 
of  this  zone  ;  but,  as  long  ago  advocated  by  Professor  Eamsay,  and 
recently  repeated  in  his  *  Physical  Geography  and  Geology  of  Great 
Britain,'  a  clay  similar  to  that  in  which  he  found  shells  west  of 
Llanberis  may  be  seen  rising  to  a  height  of  from  1500  feet  to 
1800  feet  about  the  Turbary,  and  east  of  the  river  Ogwen.  I  noticed 
that  the  drift  between  the  Turbary  and  the  final  ascent  to 
Marchllyn  Mawr  (about  1700  feet)  consisted  either  of  clay  or  small 
chips  and  fragments  arranged  in  a  manner  which  could  not  possibly 
be  explained  by  the  action  of  fresh  water ;  and  in  a  continuation  of 
this  drift  at  a  lower  level  the  late  Mr.  Griffith  Ellis,  of  Llanberis, 
told  me  he  had  discovered  sea-shells.  In  the  basins  of  the  Llafar 
and  Caseg  (S.E.  of  Bethesda)  the  general  surface- configuration  of 
the  ground  up  to  about  1900  feet  can  be  more  easily  explained  by 
the  former  action  of  the  sea  than  by  freshwater  agency ;  and  this 
accords  with  the  height  reached  by  the  Arenig  boulder-dispersion 
in  the  nighbourhood  of  Llangollen  (1897  feet  on  Moel  Gamelin) 
and  on  the  neighbouring  hill-sides.  In  the  present  state  of  dis- 

covery it  may  therefore  be  said  that  the  glacial  submergence 
certainly  reached  an  altitude  of  about  1350  feet  (the  extreme 
height  at  which  sea-shells  have  been  found),  and  very  probably 
culminated  at  about  1900  feet.  Below  the  middle  (or  Moel- 
Tryfan,  Frondeg,  and   Macclesfield-Eorest)  zone  of  rounded  and 
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shelly  gravel  and  sand,  as  already  stated,  there  would  appear  to  be  a 
zone  consisting  of  loam,  with  angular  or  subangnlar  stones  and  no 
shells  ;  but  this  zone  is  not  uniformly  continuous,  as  on  Halkin 
Mountain  (Sec.  III.),  and  possibly  in  other  places ;  it  is  varied  by 
accumulations  of  more  or  less  rounded  gravel  and  sand.  Below  the 
third  zone  (order  descending),  and  extending  down  to  the  existing 
sea-level,  there  is  a  zone  of  horizontally  alternating  clay,  and 
angular  and  rounded  gravel  and  sand,  with  boulders  and  shells*. 

Causes  of  the  horizontal  Discontinuity  of  the  Middle  Zone  of 
rounded  Gravel  and  Sand. — The  question  may  naturally  be  asked, 
How  is  it  that  the  rounded  and  shelly  drift  of  Moel  Tryfan, 
Prondeg,  and  Macclesfield  Forest  are  horizontally  separated  by 
areas  in  which  the  drift  is  angular  ?  We  may,  I  think,  be  enabled 
to  arrive  at  some  explanation  of  this  fact  by  supposing  that  rounded 
drift  on  this  horizon  may  exist  in  many  places  under  a  covering  of 
Boulder-clay,  which  may  have  been  wholly  or  partly  left  during 
the  rising  of  the  land ;  but  there  are  other  considerations  which 
might  account  for  the  local  absence  of  rounded  drift,  one  of  them 
being  that  the  sea,  by  merely  lingering  for  a  time  near  the  same 
level,  might  not  be  able  to  accumulate  rounded  drift  without  being 
assisted  by  other  favourable  circumstances  or  conditions  (positive 
or  negative)  such  as  the  following  : — (1)  a  sea- coast  exposed  to 
wave-producing  winds ;  (2)  the  previous  or  contemporaneous 
accumulation  of  heaps  of  angular  debris  by  melting  or  stranding 
icebergs  or  coast-ice,  frost,  rain,  gravitation,  &c. ;  (3)  the  absence 
of  steep  slopes  which  would  so  facilitate  the  washing-down  of  pre- 

existing angular  debris  below  the  reach  of  wave- action  as  to  pre- 
vent the  accumulation  of  rounded  stones  f ;  (4)  the  absence  on  sea- 

beaches  of  clay,  which  would  be  unfavourable  to  the  rolling  of 
stones  ;  (5)  the  prevalence  of  stones  susceptible  of  being  easily 
rounded;  (6)  the  existence  of  rapid  currents  capable  of  rolling 
stones  below  the  limit  of  wave-action  ;  (7)  the  preservation  of 
relative  levels  of  the  differently  characterized  zones  during  the 
emergence  of  the  land ;  (8)  the  n on -alteration  of  the  character  of 
the  zones  by  deposits  left  during  emergence  ;  (9)  the  non-removal 
of  preexisting  rounded  gravel  and  sand  from  valleys  and  slopes  by 
glaciers  during  or  after  emergence.  The  last  consideration  is  very 
important ;  for,  according  to  Professor  Bamsay  (to  the  great  accu- 

racy of  whose  observations  in  North  Wales  I  can  bear  humble 
testimony),  the  marine  drift  of  the  northern  valleys  was  ploughed 
out  by  the  second  glaciation  of  the  country. 

*  It  might  unnecessarily  complicate  the  main  subject  of  this  paper  were  I  to 
refer  particularly  to  a  zone  of  fine  rounded  gravel  and  sand,  with  no  boulders, 
at  a  low  level  in  the  plain  of  Cheshire  and  part  of  Lancashire  (which  I  believe 
was  deposited  during  the  last  stage  in  the  rising  of  the  land),  or  to  the  upper 
Boulder-clay  at  comparatively  low  levels,  which  I  believe  was  the  result  of 
a  re-submergence  of  the  land.  I  lately  found  proofs  of  a  land-surface  between 
the  upper  Boulder-clay  and  underlying  boulderless  sand  in  excavations  under 
Crewe  railway-station,  an  account  of  which  will  soon  be  published. 

t  On  the  very  steep  slope  of  Mynydd  Mawr,  which  is  nearly  opposite  to  the 
marine  drift  on  Moel  Tryfan,  the  stones  are  all  angular. 
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VIII. — Concluding  Remarks  as  to  whether  the  Submergence 
was  caused  by  the  Subsidence  oe  the  Land  or  Rising  of 
the  Sea. 

In  favour  of  the  extension  to  the  district  under  notice  of  Dr. 

Croll's  theory  of  a  rise  of  the  sea-level  by  the  melting  of  circum- 
polar  ice,  and  consequent  displacement  of  the  earth's  centre  of 
gravity,  and  subsequent  fall  of  the  sea  to  its  present  level,  it  might 
be  argued  that  this  theory  would  most  readily  explain  the  coincidence 
in  level  between  the  marine  drifts  of  Macclesfield  Forest,  Erondeg, 
Moel  Tryfan,  and  the  Three-Rock  Mountain,  especially  when  we 
take  into  account  the  great  distance  between  the  first-  and  last- 
named  localities,  and  the  comparatively  very  small  vertical  distance 
between  the  highest  known  shelly  drifts  and  the  present  sea-level 
(about  700  to  1).  It  would  likewise  account  for  variations  in  the 
rate  of  submergence,  by  attributing  the  variations  to  changes  in  the 
rate  of  circumpolar  liquidation,  resulting  from  changes  in  tem- 

perature. Against  the  application  of  this  theory  to  the  district 
under  consideration,  we  must  take  into  account  the  differences  in 
level  between  different  parts  of  the  land  as  it  stood  when  the  above 
marine  drifts  were  deposited,  and  as  it  now  stands.  These  dif- 

ferences would  seem  to  indicate  horizontal  inequalities  in  the  rate  at 
which  the  land  emerged,  as  might  be  expected  on  considering  the 
extent  of  the  submerged  area.  Thus  the  level  of  the  greatest 
height  reached  by  the  chalk  in  Ireland  (as  Professor  Hull  tells  me) 
nowhere  exceeds  900  feet  or  1000  feet.  But  at  the  time  when 
chalk  flints  were  transported  to  Moel  Tryfan  the  chalk  in  Ireland 
must  have  reached  to  about  1350  feet  above  the  present  sea-level. 
The  greatest  height  to  which  Eskdale  granite  extends  is  1286  feet ; 
but  at  the  time  when  when  this  granite  was  transported  to  Frondeg, 
it  must,  in  situ,  have  reached  to  at  least  1400  feet.  I  have  ventured 
to  make  these  few  brief  remarks  in  conclusion  with  the  view  of 
stimulating  to  further  inquiry  on  the  subject,  and  partly  because  I 
have  reason  to  believe  that  so  eminent  an  authority  as  Dr.  Darwin 
is  now  inclined  to  the  opinion  that  many  of  the  apparent  changes 
of  level  in  the  land  were  caused  by  changes  of  level  in  the  sea. 

SUPPLEMENTARY  NOTES. 

During  the  present  month  (April,  1881),  having  gone  over  the 
ground  described  in  this  paper  a  fourth  time,  I  am  able  to  furnish 
the  following  additional  details: — On  going  south  along  the  west 
side  of  the  axial  north-and-south  ridge  of  Minera  mountain,  I  saw 
numerous  large  and  small  angular  stones  (Carboniferous  grit,  sand- 
stoue,  and  quartzose  conglomerate) ;  but  I  could  find  few  or  no 
rounded  stones,  excepting  among  the  felstone  erratics,  which  must 
have  come  from  the  west.  After  crossing  the  ridge  and  going  in  a 
S.E.  direction  down  the  eastern  slope  of  the  mountain,  I  arrived  at  a 
point  nearly  half  a  mile  north  of  Erwau.  Here  it  may  be  necessary 
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to  remark  that  though  rounded  stones  in  drift  may  often  be  seen  in 
brook-channels  and  on  roadsides,  where  the  ground  is  flat,  I  have 
not  examined  any  hillock  or  small  mound  which  did  not  show  signs 
of  its  being  composed  of  rounded  gravel  and  sand.  Besides  the  four 
hillocks  with  gravel-pits  (in  one  of  which  I  found  shell-fragments) 
near  Mountain  Lodge,  during  my  last  visit  I  counted  ten  which 

evidently  consisted  of  drifts  similar  to  deposits  on  our  present  sea- 
coasts.  North  of  a  brook  which  joins  another  brook  near  Erwau, 
I  saw  three  rather  low  mounds  with  surface-excavations  sufficient 
to  show  that  they  consisted  of  rounded  gravel  and  stratified  sand. 
The  furthest  north  of  the  mounds  was  quite  1300  feet  above  the 
sea-level.  While  continuing  my  journey  in  a  northerly  direction, 
I  saw  many  well-rounded  stones  in  drift  exposed  in  a  brook-channel 
about  1350  feet  above  the  sea.  On  descending  towards  a  house 
called  Braich  (1031  feet  above  the  sea,  as  I  have  been  informed  by 

Fig,  3. — Section  of  Drift-deposits  between  Braich  and  the  Summit 

of  the  Ridge,  Frondeg,  Denbighshire.  (The  levels,  with  the 
exception  of  the  lowest  and  highest,  are  approximate.) 

the  Director  of  the  Ordnance  Survey),  I  encountered  a  knoll  (fig.  3) 
about  1250  feet,  showing  the  marks  of  a  now  disused  gravel-pit, 
containing  many  rounded  stones  and  sand.  The  shelly  gravel-pit 
(described  in  the  paper)  lies  between  the  above  knoll  and  Braich. 
North  of  the  latter  there  are  three  gravel  hillocks  between 
1100  feet  and  1150  feet.  West  of  the  house  called  Cae-mynydd 
there  is  a  rather  large  hillock  showing  the  remains  of  old  gravel- 
pits.  West  and  N.W.  of  it  there  are  several  large  mounds  (the 
highest  nearly  1400  feet  above  the  sea),  the  character  of  which  is 
doubtful ;  but  in  one  of  them  several  small  excavations  show  a 
mixture  of  rounded  and  angular  gravel.  A  similar  kind  of  drift 
may  be  traced  nearly  to  the  north  end  of  the  mountain.  I  had  pre- 

viously seen  Eskdale  granite  only  in  the  shape  of  small  pebbles ; 
but  on  this  occasion  I  stumbled  on  two  large  blocks,  one  N.W.  of 
Cae-mynydd,  and  the  other  associated  with  numerous  millstone- 
grit  blocks  on  the  summit  of  the  axial  ridge  (about  a  mile  west  of 
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Braich)  at  a  height  of  about  1450  feet  above  the  sea  (fig.  3),  which 
proved  a  submergence  of  the  mountain  to  at  least  that  extent. 

During  a  fourth  visit  to  the  Mountain-Lodge  district  (above 
Euabon)  I  found  that  higher  up  than  the  extensive  area  of  rounded 
gravel  there  was  an  interval  of  angular  detritus,  above  which  (and 
near  to  the  summit  of  the  mountain-range)  at  a  height  of  about 
1550  feet,  there  was  a  mass  of  gravel  as  much  rounded  as  that  in 
which  I  found  shells  at  a  lower  level.  Gravel  more  or  less  rounded 
reappeared  on  the  west  side  of  the  mountain  at  nearly  the  same 
height. 

During  a  third  visit  to  Moel  Tryfan  (June  1881)  I  found  that 
several  new  sections  had  been  exposed,  in  which  a  close  inspection 
showed  that  the  edges  of  the  slaty  laminse  were  not  continuously 
curved,  though  the  broken-off  chips  were  arranged  along  more  or 
less  curved  lines  which  inclined  from  the  jST.W. 

I  ought  to  mention  that,  in  the  observations  which  have  resulted 
in  this  paper,  I  was  again  assisted  by  the  Committee  of  the  Govern- 

ment Fund  for  Scientific  Research. 

Discussion. 

The  President,  in  inviting  discussion,  spoke  of  the  great  value  of 

Mr.  Mackintosh's  paper. 
Mr.  DeRance  spoke  of  the  laborious  manner  in  which  Mr. 

Mackintosh  had  carried  out  his  work,  and  thought  that  he  had  done 
much  to  refute  the  theory  of  a  universal  ice-cap  overwhelming  every 
thing.  He  said  that  he  had  examined  some  of  the  Molluscan  fragments 
in  Ireland,  some  of  which  were,  indeed,  scratched ;  but  others,  he 
thought,  could  only  have  been  deposited  during  a  submergence.  He 
thought  that  the  positive  evidence  in  favour  of  submergence  must 
overpower  mere  theory.  As  you  ascend  the  slope  of  the  Halkin 
mountain  from  the  river  Dee,  you  pass  first  over  Glacial  Drift  con- 

taining erratics  from  the  Lake  district  and  south  of  Scotland ;  in  the 
lower  part  a  Boulder-clay  resting  on  sands  with  Mollusca ;  but  higher 
up  the  hill  there  is  a  different  drift,  local  in  character,  and  contain- 

ing on]y  North-Wales  rocks. 
Mr.  Ussher  inquired  if  the  Moel-Tryfan  deposit  abutted  against 

higher  ground,  as  then  the  subaerial  debris  shed  upon  the  beach 
might  have  been  mixed  with  it,  and  a  local  reversal  of  laminae  pro- 

duced by  the  impact  of  an  iceberg. 
Prof.  Bonnet  said  that  he  thought  the  facts  brought  forward  by 

Mr.  Mackintosh  would  give  a  death-blow  to  the  idea  that  the  Mol- 
lusca had  been  brought  up  hill  by  glaciers.  He  doubted,  however, 

whether  the  creep  of  the  mingled  sand  and  clays  down  hill  would 
not  account  for  the  bending  of  the  slate-edges  better  than  the 
grounding  of  an  iceberg ;  for  would  not  that  bend  them  up  hill?  and 
how  would  it  ground  on  the  lee  side  of  the  hill  ?  If  terraces  were 
formed  by  the  rising  of  the  sea  due  to  a  polar  ice-cap,  then  they 
should  not  be  uniform  in  level,  but  rise  along  circles  of  longitude 
towards  the  pole. 
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Dr.  Hicks  thought  that  no  theory  could  be  founded  on  the  special 
direction  of  the  slaty  curvatures,  as  he  had  seen  them  in  all  direc- 

tions. He  asked  if  a  glacier  crossing  Ireland  along  a  north-west 
direction  might  not  dam  the  sea  up,  so  as  to  partially  overwhelm 

"Wales.  He  did  not  understand  how  the  erratics  could  arrive  at 
exactly  the  same  points  both  from  Ireland  and  the  Solway. 

Mr.  Mackintosh,  in  reply,  said  that  he  thought  that  a  grounding 
iceberg  might,  if  raised  first  up  hill,  then  slip  slightly  down  hill, 
and  so  bend  the  edges  of  the  slaty  laminse.  To  Dr.  Hicks  he  replied 
that  the  currents  in  the  sea  were  far  from  being  necessarily  parallel. 
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27.  Uppee  Greensand  and  Chloritic  Marl,  Isle  of  "Wight. 
By  C.  Parkinson,  Esq.,  E.G.S.    (Read  March  23,  1881.) 

Although  the  Isle-of- Wight  Greensands  have  been  well  explored  by 
eminent  geologists,  such  as  Eitton,  Mantell,  Ibbetson,  and  Saxby, 
there  yet  remains  ample  work  for  palaeontologists  in  the  classifica- 

tion of  the  fauna  characteristic  of  each  horizon.  Hitherto  the 
fossils  from  different  zones  have  not  been  clearly  separated,  the 
collections  from  the  Malm  rock  being  mixed  with  those  of  the 
upper  cherts  and  rags,  and  the  Chloritic  Marl  with  both.  In  form- 

ing a  collection  illustrative  of  the  above  series,  it  has  been  the  writer's 
aim  to  divide  every  zone  and  to  define  the  extent  of  each. 

At  the  base  of  the  section  a  band  of  chert  nodules  is  indicated, 
measuring  2  feet,  which  is  possibly  the  true  junction  of  Gault  and 
Greensand,  although  in  the  Memoir  on  the  Geological  Survey  of  the 
Isle  of  Wight  50  feet  of  micaceous  sands  below  this  point  have  been 
included  in  the  Greensand ;  this  has  also  been  done  more  recently 
by  Dr.  C.  Barrois,  of  Lille.  It  was  from  this  section,  exposed  on 
the  St. -Lawrence  beach,  that  Captain  Saxby  procured  a  species  of 
Crayfish ;  and  a  second  specimen  has  been  found  within  the  last 
eighteen  months  in  the  same  locality.  The  importance  of  this 
horizon  has  apparently  been  overlooked ;  for  quite  recently  a  further 
valuable  addition  has  been  made  to  the  fauna  by  the  discovery  of  a 
Chelonian  previously  unknown  to  palaeontologists.  Prom  Captain 

Saxby's  day  to  the  present  time  the  locality  has  been  neglected. 
About  a  year  ago  Mr.  Mark  Norman,  a  well-known  local  geologist, 
noticed  a  huge  boulder  of  this  blue  chert  lying  exposed  to  the  wash 
of  the  tide ;  it  had  certain  indications  on  the  exterior  which  led 
him  to  examine  the  whole  surface  with  care  ;  there  were,  in  fact, 
the  perforations  of  bone  clearly  shown.  With  great  care  the 
hard  matrix  was  chiselled  out,  revealing  portions  of  the  carapace 
and  rib-bones  of  a  Turtle  of  the  family  Paludinosa.  The  specimen 
is  now  in  the  Natural-History  Museum,  South  Kensington  ;  and 
through  the  courtesy  of  Prof.  Owen  I  am  enabled  to  give  the 
following  notes,  abridged  from  a  description  kindly  made  by  him. 
It  is  referred  to  the 

Order  CHELOMA. 

Earn.  Paludinosa. 

Genus  Plastremys,  Owen. 

Plastremys  lata,  Owen. 

A  new  genus  and  species  of  freshwater  Tortoise  from  the  Isle- 
of- Wight  Greensand,  remarkable  for  its  breadth  in  proportion  to 
length.  In  this  character  it  approaches  nearest  to  the  Tertiary 
Emys  Icevis ;  but  the  transverse  dimension  is  not  eked  out,  as  in  that 
species,  by  the  accessory  plastral  plates,  and  the  plastral  portions  of 
the  marginal  plates  are  respectively  less  broad  in  Plastremys,  and 
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allow  a  large  relative  proportion  of  the  plastron  to  the  under- 
surface  of  the  portable  dwelling. 

The  constituents  of  the  plastron  are  in  normal  number,  as  in  the 
typical  Emydians ;  there  are  no  accessory  pieces  interspersed 
between  the  hyo-  and  hypo-sternals,  as  in  the  Wealden  genus 
Pleurosternon. 

The  precise  measurements,  together  with  figures  and  minute 
description,  will  be  published  shortly.  In  the  meantime  the  fact  of 
the  discovery  of  a  freshwater  Tortoise  in  the  Upper  Greensand  is  of 
interest,  throwing  additional  light  on  the  conditions  of  life  in  that 
epoch,  and  involving  either  the  proximity  of  a  continent  or  the 
remains  of  island  faunas  distributed  in  the  marine  deposits. 

The  Crayfish  obtained  by  Saxby,  figured  in  Prof.  Bell's  Pono- 
graph of  the  Crustacea,  and  the  Chelonian  found  more  recently  by 

Mr.  Norman,  evidently  prove  that  more  thorough  investigations 
among  these  chert  rocks  might  result  in  further  important  additions 
to  the  Greensand  fauna. 

The  next  20  feet  of  compact  red  sand  are  for  the  most  part 
unfossiliferous ;  or  rather  the  organic  remains  have  been  nearly 
obliterated.  It  is  harder  in  texture  than  the  succeeding  4  feet. 
Without  any  other  lithological  change  than  hardness,  we  suddenly 
come  to  a  zone  in  which  well-preserved  casts  of  Mollusca  abound, 
differing,  as  will  be  noted,  from  the  Upper  Cherts  and  Rags  in  a 
remarkable  manner.  At  the  base  of  this  (that  is,  20  feet  from  the 
lowest  chert  nodules)  an  Ammonite  occurs,  which,  so  far  as  I  can 
discover,  has  not  been  described.  Two  specimens  found  by  Capt. 
Ibbetson  are  now  in  the  Jermyn-Street  Museum,  unnamed ;  a  third 
is  now  in  the  Natural-History  Museum,  South  Kensington,  in 
my  Isle-of- Wight  collection,  recently  purchased  by  the  Museum 
authorities.  It  has  been  placed  provisionally  by  Mr.  Etheridge  as 
a  species  between  A.  auritus,  and  A.  rostratus  ;  though  I  think  it 
will  be  found  to  differ  from  both  sufficiently  to  rank  as  a  new 
species.  It  is  invariably  of  the  same  size,  from  2|  to  3  inches  in 
diameter,  and  remarkably  thin  for  its  size,  not  having  the  pro- 

minent tubercles  of  A.  auritus  or  the  sharply  defined  chambers  of 
A.  rostratus.  At  the  back  the  markings  are  alternate,  more  resem- 

bling the  Gault  species  A.  interruptus.  Dr.  Wright,  of  Cheltenham, 
was  unable  to  identify  my  specimen  with  any  species  known  to  him. 

Immediately  above,  though  never  intermixed,  the  following 
fossils  are  found  : — 

Ammnnites  auritus,  Sow. 
 rostratus,  Sow. 

Trigonia  aliformis,  Park. 
T.  ornata,  D'Orb. 

 vicaryana,  Lyc. 
Panopsea  plicata,  Sow. 

 mandibula,  D'Orb. 
Plieatula  pectinoides,  Sow. 
Ostrea  canaliculata,  D'Orb. Pecten  orbicularis,  Sow. 
Gardium  Grentianum,  Sow. 

Area  carinata,  Sow. 
Cucullaea  glabra,  Park. 

 fibrosa,  Sow. 
Natica  sp. 
Ciuulia  sp. 
Vermicularia  eoncava,  Sow. 
Ehynchouella  latissiraa,  Dav. 
Terebratula  biplicata,  Brock. 
Modiola  sp. 
Serpula  antiquata,  Sow. 
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And  suddenly  as  this  horizon  appears,  so  it  disappears,  the  succeed- 
ing 32  feet  being  identical  with  the  sands  below  in  lithological  cha- 

racter, with  the  exception  of  being  less  hard  and  gradually  getting 
lighter  in  colour  as  we  follow  it  up  the  section.  Organic  remains  are 
few  and  far  between,  Holaster  Icevis  (on  the  authority  of  Dr.  Wright, 
P.R.S.)  being  the  only  distinctive  fossil.  Up  to  this  point  the 
fauna  may  fairly  be  said  to  belong  to  the  same  epoch  ;  and  collections 
from  the  lower  division  should  be  kept  separate  from  those  from  the 
upper  cherts  and  rags,  which  we  now  come  to,  and  which  indicate 
different  conditions  of  life.  The  red  sands  give  place  to  alternate 
bands  of  hard  chert  and  coarse  greensands  {vide  section).  In  the 
6  feet  of  inferior  building-stone  A.  rostratus  attains  its  greatest 
development,  and  casts  of  large  Nautili  are  common.  This  is  divided 
from  the  building-freestone  (which  hardens  on  exposure  to  the  at- 

mosphere) by  one  foot  of  blue  chert,  having  another  chert  band  on 
the  top  little  else  but  a  mass  of  sponge-spicules  imbedded  in  siliceous 
matrix.  In  the  next  bed  of  Greensand  Peat  en  orbicularis  is  plentiful, 
though  by  no  means  confined  to  that  band.  Pecten  inter striatus  is 
not  uncommon  on  the  exposed  surface  of  the  succeeding  Chert  band, 
and  species  of  Lima  in  other  bands  which  could  not  be  identified 
with  certainty.  The  fossils  may  not  all  be  confined  to  the  various 
beds.  Pecten  asper,  Lamk.,  never  occurs  in  the  Isle  of  Wight  in 
these  Cherts  or  Greensands ;  it  is  confined  to  a  bed  of  pkosphatic 
nodules  in  the  Chloritic  Marl,  but  is  probably  derived  from  older 
rocks,  being  in  most  cases  much  crushed  and  broken. 

The  following  fossils  are  from  the  Upper  Chert  and  Eag  beds  : — 

Siphonia  pyriformis,  Park. 
Nautilus  elegans,  Sow.  sp. 

Lima,  large  sp.,  strong  ribs. 
Pecten,  14  ribs,  (Galliennei  ?). 
Cardium  sp. 
Holaster  sp. 
Ammonites  rostratus,  Sow. 
Olathraria  Lyellii,  Mant. 

Exogyra  conica,  Sow'. Ostrea  frons,  Park. 
Lima  aspera,  Sow. 
Ostrea  vesiculosa,  Soy;. 
Cucullgea  glabra,  Park. 
Pecten  orbicularis,  Sow. 

 interstriatus,  Lezon. 
 5-costatus,  Sow. 

 sp. 

The  Cycadeous  plant  Glathraria  Lyellii  was  first  noted  by 
Man  tell,  who  obtained  his  specimen  from  a  quarryman  in  Bon- 
church  ;  it  was  not  obtained  from  the  Chalk  Marl,  but  from  the 
Greensand  Hags.  A  second  specimen  of  this  rare  fossil  was  found 
at  Steephill,  near  Yentnor,  last  winter,  10  feet  below  the  Chloritic 
Marl,  in  the  same  bed  as  the  former  one.  The  remains  consist  of  the 
top  of  the  stem  surrounded  by  petioles  or  leaf-stalks,  the  leaves  them- 

selves being  either  shed  or  decayed.  It  has  usually  been  considered 
a  plant  of  Wealden  age.  If,  however,  island  floras  and  faunas  can  be 
shown  to  have  existed  during  the  formation  of  the  Greensand  strata, 
both  Chelonia  and  remains  of  plant-life  are  at  once  accounted  for. 

The  Chloritic  or  Glauconitic  Marl,  lying  immediately  over  the 
Greensand,  may  be  traced  along  the  escarpment  of  the  Undercliff, 
from  Blackgang  to  Luccombe,  cropping  out  finally  near  Culver  Cliff. 
It  varies  in  thickness  from  6  to  7  feet,  and  may  be  divided  into  two 
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beds,  the  lower  2|  feet,  "with  few  fossils,  divided  by  a  layer  of  phos- 
phatic  nodules  (with  broken  Pecten  asper)  from  the  upper  3|  feet, 
which  are  rich  in  fossil  remains.  The  best  sections  are  at  Yentuor- 
station  quarries  and  below  Old  Park,  St.  Lawrence. 

Ammonites  varians,  Sow. 
Pleurotomaria  sp. 
Hamites  sp. 
A.  curvatus,  Sow. 
Rynchonella  Grasiana,  D'Orb 

A.  Fossils  derived,  in  phosphate. 
Solarium  ornatum,  Sow. 
Pecten  asper,  Lamk. Venus  sp. 
Cinulia  sp. 
Gibbula  lasvistriata,  Seel. 

B.  Fossils  slightly  phosphatic. 
Ammonites  Coupei,  Brongn. 

 varians,  Sow. 
 Mantelli,  Sow. 

■  navicularis.  Mant. 
 curvatus,  Mant. 
 sp. 

Hamites  attenuatus,  Sow. 
Scaphites  sequalis,  Sow.  (very 

rare). 
Nautilus  elegans,  Sow. 
•  expansus.  Sow. 
Turrilites  Morrisii,  Sharpe. 

 tuberculatus,  Bosc. 
 Wiestii,  Sharpe, 

Emarginula  sp. 
Terebratulina  striata,  Wahl. 

 biplicata,  Sow. 
 semiglobosa,  Sow. 

Plicatula  pectinoides.  Sow. 
Ehynchonella  Grasiana,  D'Orb. Pecten  orbicularis,  Sow. 

 Beaveri,  Sow. 
 interstriatus,  Leym. 

Terebratula  peetita,  Sow. 
Discoidea  subuculus,  Leske. 
Micrabacia  coronula,  Goldf. 
Cidaris  vesiculosa,  Goldf. 
Vermicularia  concava,  Sow. 

This  Chloritic  or  Glauconitic  Marl  has  caused  considerable  con- 
troversy as  to  its  origin.  I  think  the  presence  of  phosphatic  nodules 

between  the  two  beds,  together  with  crushed  Pecten  asper  in  great 
numbers,  has  not  been  sufficiently  noticed.  This  would  suggest  a 
violent  and  sudden  destruction  in  the  phosphate  bed,  while  in  the 
upper  3J  feet  nearly  all  the  Mollusca  remain  fairly  perfect,  and 
Pecten  asper  is  not  found. 

Mr.  A.  J.  Jukes-Browne  suggested  the  name  of  "  zone  of  Scaphites 
cequalis  "  for  this  marl ;  but  as  it  is  extremely  rare  to  find  a  specimen 
of  this  Scaphites  lower  than  the  Chalk  Marl,  I  would  propose  "zone 
of  Turrilites  Morrisii"  which  is  peculiar  to  the  Chloritic  Marl. 

The  best  sections  and  measurements  of  the  Isle-of -Wight  Upper 
Greensands  were  made  as  far  back  as  1849  by  the  late  Capt.  Ibbetsor. 
These,  together  with  measurements  lately  made  by  Dr.  C.  Barrois,  of 
Lille,  I  prefix  to  my  own  section. 

Capt.  Ibbetson.  ^  ̂  
1.  Zone  of  chert  and  rag  with  P.  orbicularis,  P.  5-costatus  ...  15  0 
2.  Conglomerate  of  chert  and  rag    4  0 
3.  Chert  and  firestone    5  2 
4.  Freestone  and  layers  of  rag    11  6 
5.  Pag  and  malm    16  8 
6.  Mammillary  rag,  sandy  boulders  with  phosphate  of  lime  ..  16 
7.  Malm  and  rag    6  8 
8.  Fossiliferous  malm    3  0 
9.  Malm  and  rag    40  0 

103  6 
Q.  J.  G.  S.  No.  147. 2c 
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Dr.  Barrois. 

I  C  E    Chloritic  marl   
Is  <  D    Greensand  and  chert   

[  C    Greensand,  phosphatic  nodules 

J  f  B    Yellow  sands  with  bands   13  0 
1?  \  A    Micaceous,  glauconite  sands    117  0 

^   
170  6 

(The  order  of  this  section  is  reversed  for  uniformity.) 

Section  of  Upper  Greensand  and  Chloritic  Marl,  St.  Lawrence 
and  Ventnor,  Isle  of  Wight. 
Chloritic  marl  3£  feet  (fossils  list  B,  slightly  phos- 

phatic). Hard  phosphatic  nodules,  with  crushed  Pecten  asper. 
2|  feet  compact,  darker  grains :  few  fossils,  mostly 

derived. 
Blue  chert  bands  ;  casts  of  Cardium  sp. 
Coarse  greensand ;  casts  of  Cucullaa  glabra,  and 

Holaster  sp.  Chert. 
Greensand :  Ostrea,  Cucullcea,  Area. 
Chert :  Lima  sp. 
Chert :  Pecten  interstriatus. 
Greensands:  P.  orbicularis. 
Chert  with  sponge-spicula  imbedded. 
5  feet  freestone,  used  for  building-purposes:  casts  of 

Nautilus  pseudoelegans,  N.  elegans. 
Chert,  with  phosphatic  nodules. 
6  feet  inferior  building-stone :  casts  of  Nautili. 
Amm.  rostratus  here  attains  its  greatest  development. 
Blue  chert. 
32  feet  yellowish-red  sandstones,  varying  in  hardness. 

Organic  remains  few. 
Holaster  Icevis  (on  the  authority  of  Dr.  Wright). 
Zone  of  Amm.  inflatus,  Sow.    A.  auritus,  A.  rostratus, 

Panopcea,  C'ucull&a,  Area,  Trigonia.    About  4  feet. 
Compact  red  sands. 
Species  of  Ammonites  undetermined,  between  A.  rostra- 

tus and  A.  auritus. 
Compact  red  rock,  harder  than  the  above,  20  feet, 

unfossiliferous. 
Blue  rag,  fossiliferous.    Astaciform  Crustacea,  Che- 

Ionia  ;  passing  into  Gault  sands. 

It  will  be  found  that  the  three  measurements  agree  very  nearly. 
Dr.  Barrois  includes  the  50  feet  of  sands  below  the  lowest  two-foot 
bed  of  chert  nodules,  as  has  been  done  in  the  Geological  Survey 

Memoir.  In  Dr.  Barrois's  hasty  visit  to  the  Isle  of  Wight,  I  think 
he  inaccurately  divided  the  zone  of  P.  asper  and  A.  inflatus,  both  of 
which  are  confined  to  extremely  narrow  limits.  With  regard  to 

Capt.  Ibbetson's  measurements,  I  think  the  zone  of  fossiliferous 
malm  is  placed  too  high  up ;  otherwise  the  section  is  very  accurate. 

In  conclusion,  I  would  call  attention  to  the  necessity  for  greater 
care  in  separating  the  fossils  of  each  zone.    Thus  Pecten  asper,  P. 

ft.  in. 
8  0 
26  0 
6  6 

/ 

6  feet...  -j 
I 

} 

24  feet...  - 

14  feet...  i 

56  feet...  -j i 

2  feet... 

102  feet... 
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cretosus,  P.  Beaveri,  Lima  sp.,  P.  Galliennei  (?)  may  eventually 
be  found  to  characterize  different  zones,  while  the  entire  fauna  of 
the  malm  rock  is  different  from  that  of  the  chert  and  rag  beds. 

I  would  propose,  also,  that  the  50  feet  of  sands  included  in  the 
Upper  Greensand  by  Mr.  Bristow,  and  more  recently  by  Dr.  Barrois, 
should  be  referred  to  the  Gault,  taking  the  well-marked  band  of 
chert  boulders  with  Chelonia  &c.  as  the  true  base  of  the  Upper 
Greensand. 

I  also  suggest,  with  some  diffidence,  that  remains  of  island  floras 
and  faunas  exist  in  the  marine  deposits  of  those  Greensands,  as 
evidenced  by  a  freshwater  Tortoise  and  Cycadeous  plants,  the  former 
authoritatively  stated  by  Prof.  Owen  to  be  a  freshwater  reptile, 
while  the  leaf-stalks  and  stems  of  tropical  plants  speak  for  them- 
selves. 

Dr.  Barrois's  division  of  the  Upper  Greensand  into  two  zones 
is  misleading,  as  the  fossils  are  confined  to  such  narrow  limits.  I 
would  suggest,  in  place  of  this,  several  zones  in  the  upper  cherts 
identified  by  characteristic  Pectinidae,  which  are  the  best- preserved 
of  the  Mollusca,  the  fauna  of  the  Malm  rock  being  clearly  separated 
from  that  of  the  Rag. 

Mr.  Jukes-Browne's  zone  of  Seaphites  cec/ualis  is  inaccurate. 
20  feet  higher  up  in  the  Chalk  Marl  S.  cequalis  is  abundant ;  in  the 
Chloritic  it  is  hardly  ever  found.  Turrilites  Morrisii  is,  on  the 
other  hand,  characteristic  of  this  horizon. 

The  band  of  phosphatic  nodules  with  crushed  Pecten  as'per  de- 
serves attention.  This  species  of  Pecten  is  certainly  not  properly 

a  Chloritic-Marl  fossil ;  yet  it  only  occurs  in  the  peculiarly  crushed 
state  in  this  formation ;  it  is  never  found  in  the  Greensand  proper 
in  the  Isle  of  Wight. 

Discussion. 

Mr.  H.  G.  Eordham  stated  that  between  Ballard  Hole  and  Pun- 
field  Cove  the  phosphatic  nodules  are  scattered  through  the  Chloritic 
Marl,  and  not  confined  to  its  base,  and  that  no  broken  shells  of 
Pecten  asper  occur  at  that  point.  He  further  remarked  that  the 
author  gave  the  thickness  of  the  Chloritic  Marl  as  6  feet,  i.  e.  greater 
than  previous  authors. 

The  President  stated  that  the  new  Ammonite  mentioned  by  the 
author  seemed  to  be  intermediate  between  A.  rostratus  and  A. 
auritus,  but  nearer  to  the  former.  Pecten  asper  had  not  previously 
been  noticed  above  the  Upper  Greensand.  He  referred  to  the  great 
value  of  Dr.  Barrois's  labours  in  connexion  with  the  English  Chalk. 

Eev.  J.  F.  Blake  thought  that  the  beds  with  Ammonites  inflatus 
belonged  to  the  Upper  Gault,  and  not  to  the  Greensand. 

Mr.  J.  Starkie  Gardner  thought  that,  as  species  of  Pecten  and 
Lima  have  often  a  long  range,  their  value  for  characterizing  horizons 
in  the  Cretaceous  was  doubtful. 

Mr.  De  Bance  stated  that  Pecten  asper  in  Dorsetshire  never 
occurs  above  the  Greensand.  He  agreed  with  Mr.  Blakj  in  re- 

garding the  zone  of  Ammonites  inflatus  as  Upper  Gault. 2  c  2 
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28.  Notes  on  a  Mammalian  Jaw  from  the  Ptjrbeck  Bees  at  Swanage, 
Dorset.  By  Edgar  W.  Willett,  B.A.  With  an  Introduction 
by  Henry  Willett,  Esq.,  E.G.S.    (Eead  May  25,  1881.) 

(Communicated  by  the  President.) 

Introductory  Eemarks.    By  Henry  Willett,  Esq.,  E.G.S. 

The  rarity  of  the  fossil  remains  of  mammals  in  Mesozoic  strata 
is  a  palgeontological  fact  so  well  known  to  the  Members  of  this 
Society,  that  it  would  be  superfluous  in  me  to  do  more  than 
allude  to  it. 

All  needful  information  will  be  found  in  the  exhaustive  mono- 
graph (by  one  of  the  greatest  living  authorities  on  comparative 

anatomy,  Prof.  Owen)  published  in  1871  by  the  Palseontographical 
Society.  From  it  I  gather  that  in  1828  Mr.  Broderip  first  dis- 

covered Didelphys  in  the  Stonesfield-Slate  quarry. 
In  1858  the  teeth  of  Microlestes  were  discovered  by  Mr.^Moore 

in  a  breccia  of  Ehsetic  bone-bed  and  limestone  filling  a  fissure  in 
the  Mountain  Limestone  at  Erome,  in  Somersetshire. 

In  1864  my  friend  Prof.  Dawkins  discovered  a  worn  molar  of  a 
Marsupial  mammal  in  the  Ehsetic  beds  at  Watchet,  in  Somerset- 

shire, called  by  him  Hypsiprimnopsis  rhoeticus  (Microlestes  rhce- 
ticus).  But  it  was  to  the  personal  energy  and  perseverance  of 
Samuel  Beckles,  Esq.,  E.B.S.,  that  science  was  indebted  for  the 
discovery  of  the  great  variety  of  these  interesting  fossils,  the  de- 

scription of  which  occupies  the  largest  portion  of  Prof.  Owen's 
work  (loe.  cit.).  My  own  imagination  was  excited  by  a  popular 

account  of  Mr.  Beckles's  labours,  written  about  1858  by  the  late 
lamented  Canon  Kiugsley  ;  and  the  desire  for  further  discovery 

caused  me  to  pay  several  visits  to  the  "  Dirt-beds"  at  Swanage,  in 
the  hope  of  maldng  further  additions  to  the  catalogue  of  Mam- 

malian remains.  Although  I  must  have  spent  altogether  many 
hours  in  search  on  several  occasions,  aided  at  times  by  local  quarry- 
men,  I  could  never  succeed;  but  in  1878,  having  learnt  that. 
Mr.  Beckles  had  been  obliged,  unwillingly  and  prematurely,  to 
abandon  his  researches  at  a  point  which  seemed  rich  in  promise,  I 
obtained  leave  from  the  Earl  of  Eldon,  on  certain  reasonable  con- 

ditions, to  renew  the  inquiry  at  the  point  left  by  Mr.  Beckles.  The 
year  1879-  was  too  wet  and  stormy  to  allow  me  to  carry  out  my 
intention  in  so  perilous  a  position. 

There  are  two  so-called  "  Dirt-beds  "  in  the  Purhecks  of  Durdle- 
ston  Bay,  Swanage.  The  lower  one  can  be  readily  examined  from 
the  shore,  as  it  rises  at  varying  angles  from  beneath  the  sea-level 
until  it  is  lost  in  the  debris  and  turf  above. 

The  upper  dirt-bed,  which  also  crops  out  at  a  similar  angle,  is 
less  distinctly  defined,  until  we  reach  a  point  about  two  thirds  of 
the  way  up  the  cliff,  just  below  the  commodious  refreshment-room 
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erected  on  the  summit  of  the  cliff ;  and  it  was  at  this  point  (at 
which  Mr.  Beckles,  hoping  to  resume  his  labours,  had  purposely  cast 
down  a  large  protecting  accumulation  of  debris)  that  our  attack 
was  finally  made  in  the  summer  of  last  year,  1880. 

I  must  here  render  my  tribute  of  thanks  to  my  able  coadjutor, 
Mr.  Henry  Keeping,  of  Cambridge,  for  the  skill  with  which  he 
directed  the  work,  at  no. little  peril  to  those  engaged  in  it. 
We  commenced  operations  by  scarping  down  the  overhanging 

strata  for  a  depth  of  40  feet,  laying  bare  an  area  about  13  feet  by 

10.  This  upper  "dirt-bed'"  is  of  varying  thickness,  from  2  to 
10  inches.  It  seems  to  have  been  a  silt,  filling  up  hollows  and  irre- 

gularities in  the  surface  of  the  stratum  immediately  below  it. 
Aided  by  those  earnest  geologists  Prof.  Dawkins  of  Manchester, 

Mr.  Charles  Potter  of  Liverpool,  Mr.  Griffith  of  Cambridge,  and 
several  members  of  my  own  family,  the  area  was  most  carefully 
broken  up  and  examined.  The  research  occupied  ten  days  ;  and 
although  we  found  several  teeth  and  jaws  (hereafter  to  he  described), 
it  was  a  fortuitous  blow  of  the  hammer  of  a  local  quarry-man  that 
laid  bare  the  interesting  specimen  about  to  be  described. 

The  time  of  the  meeting  has  already  been  trespassed  upon  too 
long  by  these  preliminary  remarks.  I  hope  on  some  future  occa- 

sion to  supplement  them  by  a  further  description  of  the  fossils  dis- 
covered, a  more  ample  account  of  the  probable  conditions  under 

which  the  deposits  were  formed,  and  the  reasons  which  explain 
the  rarity  of  discovery  rather  than  the  paucity  in  number  of  the 
Mammalian  remains. 

With  the  jaw  of  Triconodon,  and  in  the  same  bed,  were  found 
Crocodilian  remains  (Theriosachus  pusillus,  Nannosuchus  gracilidens, 
and  Nutlwtes  destructor),  with  other  Mammalian  and  Reptilian 
fragments  not  easily  determinable.  There  appears  to  be  a  single 
tooth  of  Theriosuchus  amongst  the  fragments,  but  whether  of  T. 
pusillus  is  doubtful. 

It  will  be  remembered  that  rather  more  than  twenty  years  ago 
extensive  explorations  were  undertaken  by  Mr.  Beckles,  F.R.S.,  at 
Swanage,  in  search  of  Mammalian  remains,  and  that  he  succeeded 
in  unearthing  some  dozen  new  genera,  including  altogether  sixteen 
new  species  of  Mesozoic  mammals.  These  fossils  consisted  prin- 

cipally of  mandibles  more  or  less  broken,  the  only  other  bones 
found  being  portions  of  the  upper  jaw. 

In  the  early  summer  of  this  year  the  permission  of  Lord  Eldon 
was  obtained  to  renew  the  search  in  Durdleston  Bay,  Swanage  ;  and 
although  this  search  was  not  followed  by  such  brilliant  results  as 

in  Mr.  Beckles's  case,  it  cannot  be  said  to  have  been  to  no  purpose, 
since  a  very  good  Mammalian  jaw  was  obtained. 

The  specimen  consists  of  the  larger  part  of  a  right  mandibular 
ramus,  of  which  the  condyle,  the  upper  border  of  the  coronoid 
process,  and  the  symphysial  end  anterior  to  the  second  premolar 
are  wanting.    Six  teeth  altogether  are  preserved  in  situ,  and,  with 
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the  exception  of  the  foremost,  one  are  quite  perfect.  The  genus  to 
which  the  specimen  belongs  is  Triconodon,  Owen;  but  it  differs 

Pig.  Lower  jaw  of  Triconodon  mordax,  Owen,  from  Swanage. 
Nat.  size. 

from  those  described  by  Prof.  Owen  in  his  Monograph  on  the 
Mesozoic  Mammalia  *  in  the  fact  that  it  has  four  teeth  having  the 
form  of  true  molars,  all  those  previously  found  (eleven  or  twelve  in 
number)  having  each  only  three  true  molars,  "  a  reduction  rare  in 
the  Marsupial  order,"  to  which  these  mammals  are  usually  ascribed. 
It  may  be  noticed  here  that  the  nearly  allied  genus  Triacanthodon 
has  four  true  molars,  but  that  the  teeth  now  under  consideration 
differ  from  those  of  this  last-named  genus  in  the  following  im- 

portant details  : — The  fourth  premolar  of  Triacanthodon  approaches 

the  triconodont  or  true  molar'  type ;  and  the  apex  of  this  tooth 
reaches  only  to  half  the  height  of  the  main  cone  of  the  preceding 
premolar,  whereas  the  main  cone  of  the  fourth  premolar  of  the 
new  jaw  is  by  far  the  largest  of  the  three  cones,  and  is  rather 
longer  than  the  corresponding  cone  of  the  preceding  tooth  ;  again, 
no  hinder  talon  is  found  in  any  of  the  four  molars  of  Triacanthodon, 
while  it  is  well  marked  here  on  each  tooth. 

Of  the  six  teeth  preserved,  four  are,  judging  by  form,  true  molars, 
and  two  are  premolars,  each  of  which  is  implanted  by  two  roots ; 
the  two  sockets  for  the  next  premolar  are  also  plainly  visible. 

The  crowns  of  both  the  premolars  consist  of  a  principal  sub- 
compressed  cone,  with  a  small  and  low  anterior  basal  cusp,  and  a 
large  and  higher  posterior  one  followed  by  a  rudimentary  talon  ; 
of  the  two  the  anterior  tooth  is  rather  the  smaller. 

All  the  true  molars  agree  with  the  description  of  the  type 
specimen  of  Prof.  Owen  in  being  "  subcompressed,  antero-pos- 
teriorly  extended,  and  divided  into  three  nearly  equal  cones  in  the 
same  longitudinal  line,  the  middle  cone  being  very  little  larger  than 
the  front  or  hind  cone  ;  further,  there  is  no  cingulnm  on  the  outer 
side  of  the  crown,  but  at  the  posterior  margin  of  the  posterior  cone  a 
rudimentary  talon  is  feebly  marked  off  by  a  short  vertical  indent 
from  the  rest  of  the  surface  of  that  cone."    The  first  of  the  true 

*  'Monograph  of  the  Fossil  Mammalia  of  the  Mesozoic  Formations,'  by Prof.  Owen,  RE.S.  DX  L.  Printed  for  the  Palseontographical  Society. 
London  3871 
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molars  is  rather  smaller  than  the  others ;  and,  as  in  the  type  speci- 
men alluded  to  above  (plate  iii.  figs.  7,  7  a,  loc.  dt.\  the  base  of 

the  coronoid  process  hides  part  of  the  last  tooth.  Prof.  Owen  con- 
siders that  this  character  may  indicate  that  the  jaw  described  by 

him  belonged  to  an  individual  not  quite  fully  grown.  Assuming 
such  to  be  the  case,  the  fourth  molar  in  the  present  specimen  would 
point  to  a  mature  animal,  though,  for  a  similar  reason,  to  one  not 
yet  adult.  In  point  of  size,  the  last  premolar  and  the  three  anterior 
molars  agree  as  nearly  as  possible  with  the  corresponding  teeth  in 
the  type  specimen  of  Triconodon  mordax. 

The  question,  therefore,  to  be  settled  is,  Does  the  new  specimen 
belong  to  this  last-mentioned  genus  and  species  or  not  ? 

Prof.  Plower,  who  has  kindly  examined  it,  and  compared  it  with 
those  found  by  Mr.  Beckles,  which  are  now  in  the  British  Museum, 
thinks,  on  the  whole,  that  it  may  probably  be  referred  to  this  species, 
and  ingeniously  suggests  two  hypotheses  to  account  for  the  extra 
tooth  of  true  molar  form.    They  are  as  follows  : — 

As  is  well  known,  the  deciduous  teeth  of  the  Marsupials,  to 
which  group  the  Mesozoic  mammals  have  hitherto  been  assigned, 
consist  of  a  single  tooth  on  either  side,  the  tooth  which  replaces 
this  deciduous  one  being  the  last  premolar.  Assuming,  then,  that 
this  tooth  is  still  in  situ,  and  is  represented  by  the  third  tooth, 
counting  from  the  symphysis,  the  dental  formula  will  be  p.  m.  4 
m.  3,  which  agrees  with  the  type  specimen  of  Triconodon  mordax 
in  the  British  Museum ;  and  the  first  hypothesis  is  that  the  jaw 
belonged  to  a  younger  individual  than  any  previously  found,  with 
the  single  milk-tooth  in  position. 

The  second  hypothesis  is  to  assume  that  all  the  teeth  preserved 
belonged  to  the  permanent  set,  when  the  dental  formula  will  be 
p.  m.  3,  m.  4.  In  this  case  the  four  molars  agree  in  number  with 
those  found  in  the  adults  of  all  recent  Marsupials,  and  indicate  a 
more  fully  matured  specimen  than  any  hitherto  discovered. 

A  third  hypothesis  is  to  assume  that  it  belongs  to  an  altogether 
distinct  species ;  but  this,  considering  the  close  resemblance  to 
Triconodon  mordax,  appears  hardly  necessary. 

The  lower  border  of  the  ramus  is,  in  its  present  condition,  nearly 
straight ;  but  it  has  been  much  crushed,  and  wThen  recent  was,  with- 

out doubt,  slightly  curved. 
A  small  outlet  of  the  dental  canal  opens  under  the  foremost  root 

of  the  third  premolar  (the  first  which  is  preserved) ;  and  there  are 
traces  of  one,  if  not  of  two,  other  outlets  anterior  to  this. 

The  total  length  of  the  jaw  is  1 J  inch. 

Disctjssion. 

Mr.  K.  Willett  said  that  he  hoped  the  specimen  would  be  accepted 
by  the  authorities  of  the  School  of  Mines,  and  placed  in  the  collec- 

tion there. 

Prof.  Dttncat*  spoke  of  the  importance  of  the  communication  and 
the  thoroughness  which  it  showed.   The  jaw  was  a  highly  developed 
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one ;  and  had  not  the  marsupial  nature  been  suggested,  it  might 
have  been  considered  to  belong  to  the  lnsectivora  ;  probably,  how- 

ever, it  was  an  insectivorous  marsupial.  But  was  it  so  certain  that 
the  jaw  belonged  to  a  marsupial  of  the  present  type?  It  was 
strange  also  that  these  remains  of  marsupials  had,  at  present,  only 
been  found  in  Europe.  He  was  under  the  impression  that  the 
Australian  marsupial  fauna  was  not  very  ancient. 

Mr.  Chaeleswoeth  said  the  history  of  the  discovery  of  mammalian 
life  in  Britain  was  interesting.  It  had  a  important  bearing  on 
evolution.  The  explanation  of  the  occurrence  of  lower  jaws  only  was 
well  known ;  but  it  was  difficult  to  explain  the  disappearance  of  the 
phragmocones  of  Belemnites  :  also  in  East  Anglia  only  teeth,  antlers, 
and  astragali  of  Cervi  were  found  ;  other  bones  were  wanting. 

Mr.  E.  Welle tt  said  that  mammalian  remains  had  been  recently 
found  in  great  numbers  in  America,  on  about  the  same  horizon,  and 
that  from  them  the  discoverer,  Prof.  Marsh,  was  led  to  believe  that 
all  Mesozoic  mammals  belonged  to  a  more  generalized  type  than  do 
the  marsupials  which  at  present  exist. 
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29.  Further  Notes  on  the  Family  Diastoporidje,  Busk.  Species  f  rom 
the  Lias  and  Oolite.  By  George  Robert  Vine,  Esq.  (Com- 

municated by  Prof.  P.  Martin  Duncan,  M.B.  Loud.,  P.R.S., 
P.G.S.)    (Read  January  19,  1881.) 

[Plate  XIX.] 

Since  my  first  paper,  "  A  Review  of  the  Pamily  Diastoporidse  for 
the  purpose  of  Classification"*,  was  written,  a  very  important  book 
has  been  published,  namely  A  History  of  British  Marine  Polyzoa,' 
by  the  Rev.  Thomas  Hincks  t.  In  this  work  the  classification 
adopted  by  Prof.  Busk  in  his  Monograph  of  the  Possil  Polyzoa  of 
the  Crag,  1859,  and  also  in  his  British-Museum  Catalogue, 
part  iii.  Cyclostomata,  1875,  is  set  aside  for  one  that  I  have  little 
hesitation  in  saying  will  prove  to  be  far  more  valuable  to  the 
working  student.  Instead  of  separating  Diastopora,  and  making 
it  the  type  of  a  family,  Mr.  Hincks  places  this  genus  with  others  in 
his  second  group  of  the  Cyclostomata,  which  he  calls  Incrustata, 

D'Orb.  The  family  name  which  he  adopts  is  Pam.  II.  Tubuliporidae, 
which  includes  the  genera 

Stomatopora,  Brown. 
Tubulipora,  Lamarck. 
Iduionea,  Lamouroux. 

Entalophora,  Lamouroux. 
Diastopora,  Lamouroux  (pt.). 

Seeing  that  I  have  already  committed  myself  to  Prof.  Busk's 
arrangement,  it  is  impossible  for  me  now  to  retreat ;  and,  with  this 
explanation,  I  must  be  excused  for  still  adhering  to  the  family  name 
I  used  at  first  J. 

In  his  remarks  on  the  C}'clostomata,  Mr.  Hincks  says :- — "  Sim- 
plicity is  in  the  highest  degree  characteristic  of  the  group  ;  the  cells 

are  universally  tubular ;  the  polypide  is  without  complexity  of 
structure,  and  has  a  small  number  of  tentacles;  all  appendicular 

organs  are  wanting"  §.  In  another  place  he  says: — "In  classi- 
fying the  Cyclostomata  we  have  to  base  our  divisions  mainly  on 

habit  or  mode  of  growth,  on  the  plan  according  to  which  the 
zocecia  are  aggregated  together  into  colonies  ;  the  simplicity  and 
general  similarity  of  the  cell  throughout  the  tribe  leave  no  other 
course  open  to  us.  We  have  to  deal  with  very  uniform  struc- 

tural elements  very  variously  combined;  and  the  modes  of  com- 
bination chiefly  supply  us  with  the  bases  of  our  system.  Under 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  p.  356  (August  1880). t  Van  Voorst :  1880. 
|  Of  the  two  evils  I  choose  the  least.  To  call  my  paper  "  Further  Notes  on 

the  Tubuliporidce  "  would  be  to  commit  myself  to  remarks  on  the  other  genera, 
which  at  present  I  have  no  intention  of  doing  ;  and  the  retention  of  the  family 
name  Diastoporida?,  Busk,  may  have  its  special  advantages. 

§  Brit.  Marine  Polyzoa,  Introduction,  p.  cxiv. 
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these  circumstances  we  may  not  expect  very  strongly  marked 

boundary  lines  "  *. 
The  family  Tubuliporidse,  Hincks,  is  thus  denned  : — "  Zoarium 

entirely  adherent,  or  more  or  less  free  and  erect,  multiform,  often 
linear,  or  flabellate,  or  lobate,  sometimes  cylindrical ;  Zooecia  tubu- 

lar, disposed  in  contiguous  series,  or  in  single  lines ;  Ooscium  an 
inflation  of  the  surface  of  the  zoarium  at  certain  points,  or  a 
modified  cell  "  f . 

These  further  Notes  have  reference  to  the  Diastoporce  found  in 
the  English  Lias  and  Oolite,  and  are  the  results  of  a  very  careful 
study  of  material  kindly  and  liberally  placed  at  my  disposal  by  two 
good  local  workers,  Mr.  E.  A.  Walford,  of  Banbury,  and  Mr.  E.  D. 
Longe,  E.G.S.,  of  Cheltenham.  Whilst  I  was  engaged  in  the  study 
i  was  continually  perplexed  with  the  ever-varying  modes  of  growth 
of  what  may  be  considered  to  be  true  Diastoporce.  To  fix  many  of 
these  forms  under  the  descriptions  already  given  by  authors  is 

indeed  impossible ;  or  to  call  them,  arbitrarily,  "  species "  or 
"  varieties  "  would  give  a  false  idea  of  their  significance.  The 
wisest  course  to  adopt  is  to  call  them  "types;"  and  in  giving  them 
specific  names  I  have  kept  this  suggestion  constantly  before  me. 
Between  the  Liassic  and  Oolitic  forms  very  little  variation  is  per- 

ceptible if  we  select  groups  of  the  same  or  similar  habit.  If,  as  in 
the  Inferior  Oolite,  for  instance,  we  take  the  three  or  four  different 
types,  and  try  to  correlate  them  under  one  specific  name,  the  varietal 
or  typical  divergency  is  at  once  apparent.  In  this  paper  I  have 
directed  the  attention  of  the  palaeontologist  more  particularly  to 
these  typical  forms  ;  and  it  remains  now  for  local  workers  to  mark 
the  differences  well,  and  then,  by  a  rigid  and  philosophical  scrutiny, 
to  try  and  ascertain  whether  any  of  these  varietal  types  creep  gra- 

dually from  one  into  the  other.  The  doing  of  this  as  it  ought  to  be 
done  depends  on  whether  material  for  the  scrutiny  is  accessible  to 
the  student ;  and  besides  the  material,  patience  is  needed  to  follow 
out  a  set  design  to  its  conclusion.  To  take  away  the  stigma  so  con- 

tinually repeated  to  our  disadvantage,  "  the  imperfection  of  the 
geological  record,"  work  done  in  the  direction  indicated  must  be 
attempted,  even  if  it  be  imperfect ;  but,  after  going  over  only  a 
small  portion  of  the  labours  of  two  local  workers,  I  believe  it  to  be 
possible  to  carry  out  the  design  to  perfection,  or  nearly  so,  if  keen 
eyes  and  willing  hands  are  engaged  in  the  task. 

I  am  not  aware  that  previously  to  the  labours  of  Prof.  Quenstedt 
the  attention  of  the  palaeontologist  had  ever  been  directed  to  Liassic 

Polyzoa.  In  his  great  work,  '  Der  Jura,'  many  Liassic  fossils  are 
described  and  figured,  and  amongst  others  we  have  figured  and 
described  the  earliest  known  Mesozoic  Diastojoora.  Quenstedt 
names  it  D.  liasica ;  and  he  says  of  it,  "  One  usually  recogn 
the  primary  cell ;  at  first  a  rapid  increase  occurs ;  but  the  poly- 
zoarium  soon  divides  itself  into  two  groups,  draws  itself  back,  and 

*  Brit.  Mar.  Polyzoa,  vol.  i.  p.  425. 
t  Ibid.  voL  i.  p.  424. 
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completes  a  perfect  circle  "  *.  He  further  says,  D.  liasica  "  occurs 
so  abundantly,  and  precisely  on  shells  of  the  Jurensis  zone,  that  you 

can  often  identify  your  horizon  from  it."  The  specimen  he  figures 
is  found  on  Ammonites  jurensis. 

Jules  Haime  t,  in  correlating  Berenicea  striata,  says  that  this 
species  was  discovered  by  M.  Terquem  in  the  Lias  of  Valiere.  He 
says  : — "D.  liasica,  Quenstedt,  Handb.  der  Petrefact.  p.  637,  pi.  lvi. 
fig.  10,  "  is  closely  related  to  this  species :  it  begins  in  the  same 
manner  with  a  plate  in  the  shape  of  a  fan ;  but  it  branches  out  more 
on  the  outside.'' 

Dumortier,  in  his  '  Palaeontological  Studies  of  the  Jurassic  De- 
posits of  the  Basin  of  the  Khone,'  recognizes  another  species,  as  he 

calls  it,  in  the  fourth  part  of  the  Superior  Lias.  This  he  names 
D.crussolensis  ;  and  the  only  distinguishing  feature  between  this 
and  D.  liasica  is  "  that  it  grows  thicker  than  the  last,  and  the  form 
of  the  colony  is  more  circular  "  J. 

In  Mr.  E.  A.  Walford's  pamphlet  on  some  Upper  and  Middle  Lias 
beds  in  the  neighbourhood  of  Banbury  §,  the  author  relies  upon 

Quenstedt' s  description  for  the  identification  of  his  specimens  found 
in  the  zone  of  Amm.  spinatus,  and  also  in  the  transition-bed,  on 
corals  and  shells. 

In  the  best  work  on  Oolitic  Polyzoa  that  I  have  yet  met  with, 

'Description  of  the  Fossil  Bryozoa  of  the  Jurassic  Pormation '  ||, 
Jules  Haime  divides  his  typical  Diastoporidae  into  two  groups,  the 
JBerenicece  and  the  Biastoporce.  The  incrusting  forms  treated  of  as 
Biastoporce  in  this  paper  belong  to  the  first  group  of  Haime.  His 
species  are : — B.  diluviana,  Lam.,  a  common  form  of  the  Great 
Oolite  ;  B.  Archiaci,  Haime  ;  B.  microstoma,  Mich. ;  and  B.  lucensis, 
Haime.  Both  of  these  last  are  found  in  the  Bradford  Clay  and  the 
Great  Oolite,  very  beautiful  species  with  very  characteristic  cells. 
The  Biastoporce  of  Haime  belong  to  the  Poliaceous  group.  Another 

paper,  by  Prof.  D.  Brauns4!]",  contains  some  very  valuable  in- formation on  both  the  foliaceous  (especially  Elea)  and  incrusting 
Diastoporidae. 

Mr.  Walford  has  placed  in  my  hands,  for  description  or  study,  the 
whole  of  his  local  fossil  Polyzoa ;  and  so  inadequately  have  the 
species  been  described  and  figured,  that,  for  scientific  purposes,  the 
labours  of  these  eminent  palaeontologists  are  almost  useless.  In 
giving  the  Liassic  species  a  new  name,  I  have  had  regard  more 
particularly  to  its  typical  character  than  to  any  thing  else.  In  this 
Liassic  type  I  recognize  a  family  likeness  to  later  fossil  and  more 
recent  Stomatoporce ;  and  it  will  be  advantageous  to  science  to  draw 
attention  to  the  fact. 

*  '  Der  Jura,'  pp.  279-292,  fig.  1,  tab.  40. t  Bryoz.  fossiles  de  la  form.  Jurass.,  in  Mem.  Soc.  Geol.  de  France,  1854. 
t  Dumortier,  I.  c.  p.  226.  pi.  48.  figs.  11,  12. 
§  Proceedings  of  the  Warwickshire  Naturalists'  and  Archasological  Club,  1878. 
||  Log.  cit. 

Zeitschr.  d.  deutschen  geolog.  Gesellsch.  1879. 
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1.  Diastopoea  stomatopoeides,  mihi.    Plate  XIX.  figs.  1-10. 

ID.  liasica,  Quenstedt,  Handb.  der  Pebref.  p.  637,  pi.  lvi.  fig.  10. 
?  D.  crussolensis,  Dumortier,  Palaeont.  Studies,  p.  226,  pi.  xlviii. 

figs.  10  &  12. 
Zoarium  subcircular  or  orbicular,  sometimes  indefinite  in  its  mode 

of  growth,  forming  small  isolated  patches  on  shells  or  corals,  varying 
in  breadth  from  one  and  a  half  to  three  lines.  Zooecia  arranged 
linearly,  or  nearly  so,  long  and  slender  tubes,  many  of  them 
wrinkled  or  surface-roughened,  and  adherent  by  their  whole  length ; 
orifice,  when  perfect,  oval,  rarely  circular.  Primary  zooecia  either 
very  excentric  in  the  larger  colonies,  or  proximal  in  the  smaller 
ones,  which  soon  become  excentric  as  the  colonial  growth  increases. 
Ocecia  rare,  when  present  pyriform,  involving  at  least  two  of  the 
cells.    Zooecial  tubes  very  faintly  punctate. 

Hah.  On  Anion,  cornucopia?,  Up.  Lias,  Bloxham ;  on  Cardinia 
hybrida,  Sow.,  Appleton  ;  and  on  Montlivaltia  Victoria,  Mid.  Lias, 
zone  of  Amm.  Henleyi,  Cherrington,  Oxfordshire ;  Sup.  Lias,  Crussol, 
Dumortier  ;  on  Amm.  jurensis,  in  zone  of  ditto,  Southern  Germany, 

Quenstedt.  "  Deeper  than  this,"  says  Quenstedt,  "  I  have  never 
found  it." 

A  careful  study  of  the  figures  given  will  convey  to  the  palaeon- 
tologist a  very  fair  idea  of  the  character  of  this  very  early  Mesozoic 

type  of  Diastopora.  Unlike  any  of  the  palaeozoic  types,  it  seems  to 
be  persistent,  so  far  as  the  character  of  the  cell  is  to  be  relied  upon, 
high  up  into  the  Oolitic  series,  and,  but  for  the  peculiarity  of  its 
habit,  might  be  recognized  in  the  Stomatopora  diastoporides,  JSTorman, 
and  the  Tubulipora  lohulata,  Hassall  *.  Indeed,  of  the  first  of  these 
species  Mr.  Hincks  says  "  that  it  is  the  largest  of  British  Stoma- 

topora?, and  has  very  much  the  look  of  Diastopora and  of  the 
other  species,  "  I  can  see  no  sufficient  ground  for  placing  Tubuli- 

pora and  Diastopora  in  separate  families  ;  the  two  genera  are  nearly 

related,  and  have  many  common  characters."  He  said  this  without 
being  aware  of  the  existence  of  the  forms  now  figured  and  described, 
which  are  in  every  sense  confirmatory  of  the  justness  of  his  family 
arrangement. 

In  the  Oolitic  series,  beginning  with  the  lowest  beds — the  Pea- 
Grit  of  the  Inferior  Oolite — we  recognize  altogether  different  types, 
not  widely  separated,  but  even  on  the  same  blocks.  These  types 
belong  to  the  foliaceous  as  well  as  to  the  crustaceous  forms ;  and 
where  to  draw  the  line  between  the  two  it  is  difficult  to  say.  In 
some  few  cases  the  boundary  lines  are  broken  down  ;  and  one  at  least 
of  the  typical  Diastopora?  pass  from  the  crustaceous  into  the  foli- 

aceous form  by  a  series  of  quiet  gradations.  Mr.  Longe  has  given 
more  attention  to  these  forms  than  I  have ;  and  his  remarks  on  these 
peculiar  species  may  be  referred  to  for  exact  information  f .  After 

*  Figures  and  description  in  Hincks's  Brit.  Polyzoa,  vol.  i.  pp.  434  &  444, pis.  61  &  63. 
t  Geological  Magazine,  January  1881. 
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a  careful  study  of  the  crustaceous  forms  from  several  horizons, 
ranging  from  the  Pea-Grit  to  the  Coral  Rag,  I  can  detect  at  least 
three  types  that  have  not  been  specially  noticed,  so  far  as  I  am 
aware,  by  previous  authors.  They  may,  and  I  have  not  the  least 
doubt  that  they  have  been,  casually  identified ;  but  that  is  all. 
They  deserve,  however,  more  than  a  passing  notice,  because  some  of 
these  types,  when  they  pass  into  the  Bradford  Clay  and  the  Forest 
Marble,  delicately  preserved  on  branches  of  Terebellaria  and  frag- 

ments of  broken  shell,  assume  an  altogether  different  character. 
Some  of  them  are  beautifully  papyraceous ;  others  appear  to  have  a 
kind  of  basal  lamina  extending  slightly  beyond  their  circumference, 
a  character  I  have  never  observed  in  the  Inferior-Oolite  species. 

The  papyraceous  species  of  the  Lower  Oolite  are  also  deserving 
of  closer  study  than  I  can  possibly  give  to  them.  Such  work  belongs 
rather  to  local  students  than  to  me.  They,  too,  may  study  the 
types  as  they  pass  from  one  stratum  to  another ;  and  in  so  doing,  I 
would  recommend  them  to  mark  the  beginnings  of  the  divergences, 
and  the  boundary  lines  of  each  of  the  four  types  given ;  and  by 
doing  so  they  will  aid  the  paleontologist  in  classifying  the  evolu- 

tionary stages  of  a  most  important  genus. 

2.  Diastopoea  ventricosa,  mihi.    Plate  XIX.  figs.  15-17. 
Zoarium  adnate,  discoid  in  the  earlier  stages  of  growth,  of  most 

irregular  outline  in  its  later  stages.  Zooscia  produced  and  partially 
free  in  the  centre,  gradually  depressed  towards  the  margin ;  tubes 
slightly  bent  and  swelling  towards  the  orifice,  which  causes  a  con- 

striction of  the  circular  or  subcircular  mouth  ;  cells  well  separated, 
the  proximal  ends  being  immersed  in  the  zoarium.  Ocecia  very 
largely  developed,  sometimes  round  the  margin,  at  other  times  indis- 

criminately all  over  the  colony,  involving  two  or  three  cells  or  only 
a  considerable  swelling  of  a  single  tube.  In  the  best-preserved  spe- 

cimens the  cells  and  also  portions  of  the  ooecia  are  finely  punctate. 
Bab.  On  a  weathered  and  partially  smoothed  pebble  (No.  5), 

Inferior  Oolite,  Pea-Grit,  Cheltenham :  Mr.  Longe's  Cabinet.  On 
drift  wood,  Chipping  Norton,  lowest  beds,  Great  Oolite :  Mr. 
Watford's  cabinet.  Good  specimens  also  in  Museum  of  Practical 
Geology,  Jermyn  Street. 

This  species,  or  type,  is  a  very  peculiar  one,  well  deserving  especial 
study.  I  have  it  from  several  localities,  ranging  from  the  Pea-Grit 
to  the  Great  Oolite.  The  specimen  in  Mr.  Walford's  cabinet 
contains  innumerable  colonies  piled  up  very  irregularly  round  a 
piece  of  water-logged  coniferous  wood  of  Oolitic  age.  The  wood 
was  originally  large  ;  but  the  broken  fragment  submitted  to  me  for 
examination  was  about  three  inches  long,  and  from  half  to  three 
quarters  of  an  inch  in  diameter.  The  incrustation  of  the  wood, 
made  up  wholly  of  colonies  of  Diastopora,  varies  in  thickness  from 
a  quarter  to  half  an  inch,  the  margins  of  the  newer  colonies 
gradually  becoming  compressed  into  the  general  mass  through 
successive  stages  of  growth.  The  ventricose  swellings  are  not  so 
typical  in  this  specimen  as  in  the  more  beautiful  specimens  from 
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the  Pea- Grit  series  (Mr.  Longe's  cabinet).  One  colony  is  five  lines 
by  four ;  and  the  ocecia  are  well  developed,  for  there  are  no  fewer 
than  from  25  to  27  swellings  in  various  stages  of  development ;  and 
it  is  from  this  specimen  that  the  drawings  (Plate  XIX.)  are  taken. 
Measured  across  the  cell- mouths,  there  are  about  six  (or  varying 
from  five  to  seven)  cells  to  a  line.  Three  ocecia  occupy  about  the 
same  space.  The  earliest  stages  of  colonial  growth  are  disks  with 
free  cells,  flabelliform  at  later  stages,  ultimately  presenting  the 
appearance  of  one  continuous  mass  of  immersed  cells.  On  the 
broken  edge  of  a  fragment  of  Mr.  Walfords  specimen  I  can  count 
from  twenty  to  thirty  layers,  representing  successive  colonial 
growths. 

It  may  be  that  some  at  least  of  the  specimens  of  this  type  are  the 
Berenicea  diluviana  of  authors,  and  the  Biastopora  verrucosa  of 
Milne-Edwards.  Berenicea  Archiaci,  Haime,  is  closely  related  to 
this  species  ;  but  the  cells,  and  also  the  ocecia  as  figured  by  Haime*, 
are  not  so  characteristic  of  our  own  Oolitic  series  as  D.  ventricosa. 

3.  Diastopora  oolitica,  mihi.    Plate  XIX.  figs.  11-14. 
Zoarium  circular  or  nearly  so,  completely  adnate,  and  varying  in 

size  from  one  to  three  lines  in  diameter  either  way.  Zooecia  short 
and  bulging  near  the  distal,  gradually  contracting  towards  the 
proximal  end ;  orifice  variously  shaped,  the  lower  margin,  in  some 
cases,  slightly  mucronate  (?) ;  primary  cell  excentric.  Central 
zocecia  partially  raised,  becoming  gradually  depressed  towards  the 
margin.  Ocecia  ?  Tubes  faintly  punctured,  and  no  "  adventitious 

tubules." 
Range  from  the  Pea- Grit  to  the  Great  Oolite. 
Cabinets :  (from  several  localities)  my  own  ;  Miss  Gatty's,  Xidling- 

ton,  Oxon  ;  Mr.  Longe's,  very  rich,  from  Pea-Grit ;  and  also  from 
Mr.  Walford's  ;  Museum  of  Practical  Geology  (several  specimens  on 
shells). 

Hab.  On  stones  and  shells,  forming  small  disk-like  patches,  more 
frequently  isolated  than  clustering. 

This  delicate  little  species  is  the  most  abundant  of  the  Oolitic 
Diastopora.  Prom  its  peculiar  habit  specimens  are  generally  referred 
by  collectors  to  the  B.  obelia  of  JBusk ;  and  in  my  early  identifica- 

tions I  was  inclined  to  place  it  as  a  variety  (var.  oolitica)  of  that 
species.  After  drawing  and  carefully  working  out  the  type  I  soon 
found  this  to  be  impossible.  The  general  habit  is  different ;  the  cells 
are  more  closely  packed,  and  their  shapes  are  altogether  different ; 
and,  above  all,  there  is  in  none  of  the  specimens  I  have  examined 

any  indication  of  "  adventitious  tubules."  Judging  from  Manzoni's 
figure  t,  which  he  refers  to  Berenicea  striata,  J.  Haime  %,  a  doubt  na- 

turally suggested  itself  when  correcting  the  proof  of  my  first  paper  § 
as  to  whether  some  specimens  of  this  type  may  be  referred  to 

Haime's  species.    There  seems  to  be  no  identity  either  with  that  or 
*  Bryozoa  Jurassic  Form.  pi.  ix.  fig.  11. 
+  Fig.  79,  Bryozoa  of  the  Pliocene  of  Oastrocaro. 
\  Reuss,  Die  Bryoz.  des  braunen  Jura  von  Balin,  &c. 
§  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  p.  357,  note. 
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Busk's  D.  obelia.  D.  oolitica  is  a  very  characteristic  type,  especially 
of  the  Pea-Grit  Series,  in  the  Cheltenham  district  at  least. 

Another  type,  not  the  least  important  of  the  whole  group,  is  a 
most  peculiar  one.  In  general  habit  and  mode  of  growth  it  seems 
to  be  a  true  Diastopora ;  but  it  must  be  looked  upon  more  as  a  pas- 

sage form  than  as  a  constant  one  in  all  its  characters.  The  t}Tpe  of  the 
cells,  when  slightly  worn,  approaches  nearer  to  that  of  the  Palaeozoic 
Ceramoporce  than  to  any  Mesozoic  Diastoporce;  but  in  the  more  perfect 
cell  the  largely  developed  peristome  is  unlike  any  thing  in  the  more 
ancient  or  the  more  recent  Diastoporidse.  If  this  be  a  true  passage- 
form,  rather  than  a  constant  one,  the  tendency  is  toward  the  Pus- 
tulopora-subverticellata  type*.  In  this  type  the  cells  are  connate; 
but  in  the  one  under  consideration  only  some  few  of  the  cells  are 

connate  ;  the  great  majority  are  "  separated  pores,"  as  in  ordinary 
Diastoporce.  My  diagnosis  is  made  from  both  the  younger  and  older 
growths  of  several  colonies  •  and  the  description  may  be  relied  upon, 
however  the  species  may  be  placed  in  the  future.  In  the  Pea-Grit 
Series  the  cells  have  a  very  bold  outline,  with  interspaces  (in  some 
places)  between  cell  and  cell.  In  one  specimen  from  Chipping 
Norton  the  cells  have  a  Lepralia-hke  growth,  the  colonies  being 
semicircular  and  piled  one  upon  another ;  and  some  of  the  cells  are 
so  immersed  that  only  the  peristome  can  be  seen.  In  naming  this 

"  type  "  or  "  species,"  I  desire  to  preserve  a  generic  name,  though 
the  genus  itself  is  now  merged  in  that  of  Entalophora  and  Spi- 
ropora. 

4.  Diastopoea  ceicopoea,  mihi.    Plate  XIX.  figs.  18-25. 

Zoarium  adnate,  forming  small  and  large  irregular  patches,  some- 
times self-attached,  at  other  times  incrusting  other  species  of 

Polyzoa.  In  the  early  stages  of  growth  the  colony  has  a  bicircular 
or  oval  outline;  in  its  later  stages  the  growth  is  most  irregular. 
Zooecia  short  and  stunted  tubes,  very  coarsely  punctate ;  orifice 
ring-like,  with  a  largely  developed  peristome.  Primary  zocecium 
inconspicuous,  being  deeply  immersed,  giving  off  to  the  right  and 
left  secondary  zooecia,  which  in  their  turn  give  off  others.  >The 
after  colonial  growth  is  thus  early  directed  to  two  opposite  points ; 
ultimately  the  proximal  cells  unite  below  the  primary  cell,  so  that 
it  in  time  becomes  centric  or  excentric.    Ocecia  ? 

Range  from  Pea-Grit  to  Great  Oolite. 
Cabinets  :  several  very  fine  specimens  of  this  type  are  in  the  cases 

of  the  Museum  of  Practical  Geology,  Jermyn  Street ;  Mr.  Longe's, 
Mr.  Walford's,  and  Mr.  Windus's. 

Hab.  Chiefly  on  water-worn  stones  and  broken  shells. 
I  have  had  very  great  difficulty  in  describing  this  type,  more 

particularly  on  account  of  its  peculiar  preservation.  One  colony  on 

Mr.  Longe's  specimens  (block  6)  is  very  well  preserved  in  its  earliest 
stages  ;  and  from  this  specimen  most  of  the  figures  are  drawn.  The 
natural  size  is  shown  at  fig.  18,  and  is  about  three  lines  at  its  widest 

*  See  Busk's  '  Crag  Polyzoa,'  pi.  xviii.  fig.  1,  right-hand  specimen. 
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part.  In  fig.  19*(an  enlargement  of  a  portion  of  the  same  colony)  the 
tendency  of  the  cells  to  the  right  and  to  the  left  is  sho  wn ;  the  other 
figures  are  enlargements  of  special  cells  to  show  the  ring-like  cha- 

racter of  the  mouth  and  peristome.  There  is  another  colony  on  the 
hack  of  the  same  slab ;  but  this  is  very  much  worn,  and  the  cell- 
mouths  are  somewhat  angular.  The  largest  colony  is  on  block  9  *  ; 
and  it  is  a  very  interesting  study.  This  block  is  a  piece  of  coarse 
Oolitic  Limestone,  much  worn  by  attrition ;  and,  besides  many 
Serpulae,  it  contains  on  its  surface  several  colonies  of  Polyzoa. 
Pig.  25  is  a  magnified  portion  of  a  colony  of  D.  cricopora  adherent 
to  a  colony  of  Elect  (?),  or  one  of  its  nearest  allies,  the  one  almost 
wholly  enveloping  the  other.  In  the  fragment  figured  the  different 
characters  of  the  two  fossils  are  shown.  The  under  one  of  the  Eha  (?) 
type  has  all  the  cells  in  one  plane,  the  walls  of  each  cell  so  closely 
connected  as  to  leave  no  interspaces.  The  normal  orifice  of  the 
cell  seems  to  be  of  a  subcircular  character ;  when  slightly  worn  it  is 
large  and  circular,  unlike  any  of  the  cell-mouths  figured  by  Busk 
in  his  'Crag  Polyzoa'  as  Mesenteripora,  which  seems  to  have  been 
used  as  a  s}monymf  of  Eha  foil acea  (D.  foliacea,  L&mx.).  Manzoni 

also  figures  J  a  "  Diastopora  "  ?  having  a  habit  somewhat  similar  to 
this,  which  he  calls  D.  expansa,  Manz. ;  but  the  aperture  is  normally 
circular  with  a  well-developed  peristome.  This  flat  adherent  type 
of  the  Inferior  Oolite  becomes  (so  Mr.  Longe  informs  me)  foliaceous 
in  its  after  stages ;  but  whether  it  ever  becomes  really  leaf-like  with 
cells  on  both  sides  I  cannot,  as  yet,  satisfy  myself.  I  have  no  desire, 
however,  to  put  this  type  under  the  genus  Diastopora.  The  other 
incrusting  form  is  a  marginal  portion  of  D.  cricopora,  having  many 
of  the  characters  of  the  group,  but  with  cells  altogether  at  variance 
with  the  general  build  of  the  true  Diastopora-cell. 

The  genus  Diastopora  has  been,  and  is,  in  many  instances,  very 
much  abused ;  and  before  proceeding  with  these  studies  it  may  be  as 
well  to  define  and  limit  the  genus.  Lamouroux  used  two  terms  which 
have  come  into  general  use — the  one  Berenicea,  and  the  other  Dias- 

topora. Under  these  two  names  many  divergent  forms  have  been 
placed,  so  that  to  some  extent  Berenicea  and  Diastopora  are  synony- 

mous terms,  the  term  Berenicea  being  used  for  one  section  of  the 
Diastoporidae  and  Diastopora  for  another  section.  In  subdividing  the 
foliaceous  Cyclostomata,  Milne-Edwards  formed  two  great  groups, 
"  distinguished,"  says  Busk,  "  by  the  character  that  in  the  one  the 
tubes  are  almost  wholly  immersed,  and  in  the  other  partially  free." 
To  the  former  group  Milne-Edwards  applied  the  appellation  "  Dias- 
topoees,"  and  to  the  latter  that  of  "  Tubtjlipoees."  "  This  division  is 
natural ;  but  it  seems  convenient  that  it  should  be  carried  still  further; 

*  These  numbers  refer  to  the  specimens  as  numbered  in  Mr.  Longe's  cabinet. 
It  would  be  a  good  thing  to  have  the  types  preserved  in  some  public  museum, 
so  that  they  could  be  accessible  to  future  students.  Whenever  I  could,  I  have 
referred  to  specimens  so  preserved. 

t  D'Orb.,  Pal.  Frang.  terr.  Cret.  (p.  808). }  Briozoi  di  Castrocaro,  tav.  vii.  f .  83. 
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and  in  the  doing  of  this  ...  no  better  classification  can  be  adopted 
than  that  suggested  by  the  same  author,  viz.  into  1.  Blastopores 
simples;  2.  B.  env elopp antes  ;  3.  B.  biserialaires.  I  propose,  there- 

fore, to  term  the  simple  Blastopore  of  Milne-Edwards  Biastopora,  the 
enveloping  or  laminated  forms  Berenicea,  and  the  biserial  Mesenteric 
pora"*.  This  arrangement  Mr.  Busk  follows  in  his  '  Crag  Polyzoa/ 
But  Mesenteripora  is  placed  as  a  genus  of  the  Tubuliporidae,  whereas 
in  the  Museum  Catalogue,  part  iii.  Cyclostomata,  it  is  placed  as  a  genus 
of  the  Diastoporidse.  This  I  have  no  objection  to,  because  it  is  only 
those  who  have  gone  over  the  same  ground  who  can  possibly  know 
what  difficulties  there  are  to  encounter  in  classifying  the  species 
under  discussion.  The  differences,  however,  between  Mr.  Busk  and 

Mr.  Hincksf  are  very  striking  on  this  point.  In  the  '  Catalogue  of 
Cyclostomata,'  Mesenteripora  (a  foliaceous  form  of  the  Diastoporidse) 
is  included  in  the  Family  ;  whereas  in '  British  Marine  Polyzoa '  the 
foliaceous  forms  are  included  in  the  genus  Biastopora.  This  I  entirely 
object  to,  on  account  of  the  confusion  it  is  sure  to  create  when  we 
are  dealing  with  Mesozoic  forms.  With  this  exception  Diastopora, 
in  the  sense  in  which  I  have  used  it,  may  be  defined  as  follows  : — 

"  Zoarium  adnate  and  crustaceous,  usually  discoid  or  flabellate, 
less  commonly  irregular  in  form.  Zooecia  tubular,  with  an  elliptical 
or  subcircular  orifice,  crowded,  longitudinally  arranged,  in  great 

part  immersed." 
The  foliaceous  species  will  have  to  be  separately  dealt  with ;  and 

I  think  it  very  unwise  to  use  the  term  Berenicea,  as  defined  by 
Lamouroux,  for  other  than  Paleozoic  species.  If  Berenicea  is  used 
for  Palaeozoic  and  Oolitic  species  indifferently,  simply  because  the 

¥  corallum  incrusts  foreign  bodies  "  and  is  "  composed  of  a  thin  cal- 
careous base "  confusion  will  be  sure  to  follow,  for  the  simple 

reason  that  the  characters  of  the  Palaeozoic  and  Oolitic  species 
are  altogether  different.  The  Ceramoporce  and  Berenicea?  of  the 
Palaeozoic  rocks  are  not  typical  Blastopores. 

There  now  remain  for  investigation  the  Chalk-  and  Greensand- 
forms ;  and  these  I  would  gladly  revise  if  Members  would  help  me 
by  the  loan  of  material  for  this  purpose.  Some  of  the  species 
catalogued  are  undoubtedly  Blastopores;  others  are  not  Blasto- 

pores in  the  restricted  sense  used  by  me  in  this  paper. 

My  thanks  are  due  to  kind  friends  who  have  assisted  me  with 
material  for  the  writing  of  this  paper' — to  Mr.  Walford  for  supply- 

ing me  with  extracts  and  tracings  from  Dumortier  and  Prof.  Braun, 
and  to  Mr.  J.  D.  Longe,  F.G.S.,  for  the  loan  of  specimens  from  the 
Inferior  Oolite.  I  also  tender  my  thanks  to  Mr.  R.  Etheridge, 
F.R.S.,  and  to  Mr.  E.  T  .Newton,  F.G.S.,  for  allowing  me  to  examine 
the  specimens  in  the  Museum  of  Practical  Geology. 

*  Crag  Polyzoa,  p.  109. 
t  British  Marine  Polyzoa,  p.  457. 
X  M'Coy,  Brit.  Pal.  Foss.  p.  44. 

Q.  J.  G.  S.  No.  147.  2  d 
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EXPLANATION  OF  PLATE  XIX. 

Figs.  1-10.  Diastopora  stomatoporides,  "Vine. I.  2.  Natural  size  of  two  different  colonies. 
3,  4,  7.  Enlarged  respectively  about  10,  and  15  diameters,  to  show  the 

disposition  and  character  of  the  cells. 
5,  6.  X  25  diam.,  showing  the  elongated  character  of  cells,  together  with 

the  rugose  markings  on  some. 
8.  X  50  diam. 
9.  X  30  diam. 

10.  Aperture  of  cell,  X  50  times,  to  show  the  true  Elea-foliacea  {Dia- 
stopora, Lamx.)  type  of  peristome ;  from  colony.  Fig.  4.  As  above. 

(Compare  Berenicea  striata,  Haime,  pi.  vii.  fig.  8,  a,  b,  '  Foss.  Bryozoa 
of  the  Jurassic  Formation.') 

Figs.  11-14.  Diastopora  oolitica,  Vine. 
II.  Natural  size  of  colony. 
12.  X  about  8  diam.    There  is  much  variation  in  this  type  ;  but  it  has 

generally  a  circular  habit,  as  depicted. 
13.  X  about  33  diam. 
14.  X  about  50  diam. 

Figs.  15-17.  Diastopora  ventricosa,  Vine. 
15.  Natural  size  of  colony.    This  also  varies  as  to  size  of  colony. 
16.  X  25  times,  showing  the  disposition  of  the  ocecial  "gonoecia,"  Hindis, in  the  different  parts  of  the  colony. 
17.  X  about  50  diam. 

Figs.  18-25.  Diastopora  cricopora,  Vine. 
18.  Natural  size  of  colony  from  which  the  type  is  drawn.    The  specimens 

in  the  School  of  Mines  vary  considerably. 
19.  Portion  of  colony,  enlarged  in  the  direction  of  line  I,  fig.  18,  to  show 

the  disposition  of  the  partially  immersed  cells. 
20-22.  X  25  times,  giving  a  fair  illustration  of  the  ornamentation  of  the cells. 
23,  24.  X  75  times. 
25.  Two  separate  colonies :  the  uppermost,  D.  cricopora  (marginal  edge), 

incrusting  Elect,  foliacea,  Lamx. 

Discussion. 

The  President  bore  witness  to  the  great  value  of  the  author's 
study  of  this  group  of  microscopic  organisms. 

Pro!  Seeley  stated  that  his  study  of  the  Polyzoa  had  led  him  to 
conclude  that  many  of  the  supposed  generic  differences  were  mere 

accidents  of  age  and  growth.  He  thought  that  Mr.  Vine's  paper was  a  valuable  addition  to  science.  He  doubted  the  wisdom  of 
inventing  wholly  new  names  for  previously  described  species,  as  had 
been  done  in  one  instance  by  the  author. 
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'30.  The  Microscopic  Characters  of  the  Vitreous  Rocks  of  Montana, 
U.S.A.  By  Frank  Rutley,  Esq.,  F.G.S.  With  an  Appendix 
by  James  Eccles,  Esq.,  F.G.S.    (Read  April  6,  1881.) 

[Plate  XX.] 

The  specimens  which  have  supplied  the  material  for  this  paper  were 
collected  by  Mr.  James  Eccles  during  a  tour  in  Montana.  They 
present  so  many  interesting  points  of  structure  that  a  description  of 
their  microscopic  characters  may  prove  acceptable  to  those  who  are 
engaged  in  the  study  of  British  vitreous  and  de vitrified  rocks. 
Among  the  latter  we  have  already  found  that  certain  structural 
peculiarities  may  still  be  clearly  recognized,  notwithstanding  the 
changes  which  have  led  to  their  more  or  less  complete  devitrification. 
Through  these  changes,  once  vitreous  rocks  assume  the  character  of 
felstones ;  and  as  it  is  highly  probable  that  many  of  our  ancient 
"  felstones  "  and  "  hornstones"  were  once  vitreous,  it  becomes  im- 

portant that  we  should  note  every  structural  peculiarity  in  glassy 
rocks  of  recent  or  late  geological  age  which  have  undergone  little  or 
no  change  subsequent  to  their  solidification.  By  doing  this  we  are 
training  our  eyes  to  recognize  similar  structures  in  the  devitrified 
obsidians,  perlites,  and  pitchstones  which  ran  over  what  are  pro- 

bably the  earliest  land-surfaces  of  which  we  have  any  trace. 

Zirkel,  in  his  *  Microscopic  Petrography  of  the  40th  Parallel  IS".,' has  described  a  large  number  of  structures  met  with  in  the  districts 
surveyed  by  Messrs.  King,  Hague,  Emmons,  and  other  members  of 
the  U.S.  Government  Survey  ;  and  it  is  to  him  we  owe  much  of  our 
knowledge  concerning  these  minute  structures.  In  this  country  the 
researches  of  Prof.  Bonney  and  Mr.  Allport  have  also  served  to  in- 

crease the  interest  which  rocks  of  this  class  will  always  possess. 
The  more  carefully  and  patiently  we  study  the  unaltered  examples, 
the  better  shall  we  be  able  to  deal  with  the  questions  which  concern 
their  older  and  no  longer  vitreous  representatives  ;  while  researches 
upon  artificial  slags  or  glasses  formed  under  known  conditions,  and 
modified  by  various  known  causes,  either  during  or  subsequent  to 
solidification,  will  lend  additional  help  in  explaining  minute  struc- 

tural peculiarities  which  still  remain  to  be  worked  out. 
The  following  is  a  description  of  the  microscopic  characters  of 

ten  of  the  most  interesting  specimens  (which  may  be  regarded  as 
fairly  typical  of  the  whole  series)  collected  by  Mr.  Eccles  in  this 
district.  In  each  case  the  letter  M  precedes  the  description  of  the 
microscopic  characters. 

JSTo.  1.  Yellowstone  district.    Black  obsidian. 
A  black  and  perfectly  vitreous  rock,  speckled  with  rather  sparsely 

disseminated  small  greyish-white  flecks,  which  are  generally  imper- 
fectly developed  felspar  crystals. 

M.  In  this  section  it  is  transparent  and  colourless,  and  is  a  re- 
markably homogeneous  glass.    The  porphyritic  crvstals  (which  are 

2d2  • 
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not  very  numerous)  are,  in  some  if  not  in  all  cases,  orthoclase. 

Some  are  perfectly  developed ;  others  present  the  most  ragged  and 

irregular  boundaries,  as  in  the  accompanying  figure  (fig.  1).  In 

it  Felspar  Crystal  in  Obsidian  (black),  from  the  Yellowstone 

District.    (Magnified  55  times,  crossed  Mcols.) 

this  instance  the  spicular  projections  are  sufficiently  long  and 
delicate  to  completely  invalidate  the  supposition  that  the  crystal 
is  a  broken  fragment,  and  to  render  it  absolutely  certain  that  it 
has  been  developed  during  the  cooling  and  solidification  of  the  rock 
in  which  it  occurs,  or  else  that  it  is  a  partially  dissolved  crystal. 
This  is  an  important  piece  of  evidence,  because  less  irregularly 
bounded  imperfect  crystals  might  often  be  erroneously  regarded  as 
included  fragments  taken  up  by  and  enveloped  within  the  lava. 
Moreover  it  is  interesting  to  see  how,  in  such  a  remarkably  homo- 

geneous matrix,  this  crystal,  if  aborted,  fails  to  assume  the  globular 
form,  rounded  at  the  angles,  which  is  so  common  in  the  porphyritic 
crystals  developed  in  most  vitreous  rocks.  Under  an  amplification 
of  300  or  400  diameters  numerous  clear  granules  and  opaque  tri- 
chites  are  visible,  as  shown  in  fig.  1,  PI.  XX. ;  and  there  are  many 
small  objects  which  may  be  elongated  gas-pores;  but,  as  they  mostly 
pass  diagonally  through  the  section  from  the  upper  to  the  lower 
surface,  it  is  not  easy  in  all  cases  to  ascertain  their  true  character, 
owing  to  the  impossibility  of  bringing  them  into  focus  throughout 
their  entire  length.  Those  which  coincide  with  the  planes  of  section 
certainly  appear  to  be  elongated,  and  sometimes  tortuous,  gas-pores. 
The  trichites  are  sometimes  straight,  sometimes  curved,  and  frequently 
form  stellate  groups. 

No.  2.  Yellowstone  district.  Obsidian. 
Reddish-brown  or  Indian -red  coloured  rock,  with  some  dark  brown 

or  black  streaks  and  mottling,  opaque,  except  in  thin  sections. 
Bright  vitreous  or  slightly  resinous  lustre,  and  imperfect  conchoidal 
fracture. 

M.  It  is  seen  bytransmitted  light  (fig.  2,Pl.XX.)to  consist  of  delicate 
bands  or  strings  of  a  clear  yellow  or  orange-colour,  with  here  and  there 
a  few  bluish-black  or  grey  strings.  The  material  lying  between  these 
coloured  strings,  which  are  very  closely  packed,  is  a  colourless  or 
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almost  colourless  glass.  The  yellow  fibres  depolarize  in  all  azimuths 
except  those  coinciding  with  the  directions  of  the  principal  sections 
of  the  crossed  Nicols.  There  is  therefore  a  marked  optical  difference 
between  the  yellow  and  the  colourless  bands,  the  latter  being  per- 

fectly isotropic*.  The  generally  parallel  disposition  of  the  bands 
imparts  an  appearance  to  the  magnified  section  which  very  closely 
resembles  the  structure  seen  in  a  longitudinal  section  of  wood ;  and 
this  resemblance  is  further  heightened  by  the  deflection  of  the  bands 
around  small  porphyritic  crystals  and  fragments  of  quartz,  which 
may  be  likened  to  little  knots  in  wood.  Although  the  greater  por- 

tion of  the  preparation  appears  dark  between  crossed  Nicols  when 
the  general  direction  of  the  bands  is  parallel  with  one  or  other  of 
the  Xi col-sections,  still  the  deflected  bands  around  the  porphyritic 
crystals  transmit  a  strong  brownish-yellow  light,  because  they  do 
not,  in  this  position,  coincide  with  either  of  the  Nicol-sections,  so 
that  around  each  brightly  depolarizing  porphyritic  crystal  there  are 
also  depolarizing  fringes  resembling  smoothly-combed  tresses  of  hair. 
Some  of  the  porphyritic  quartz-crystals  have  irregular  creeks  of  glass 
passing  into  them,  in  some  cases  the  yellow  fibres  being  mixed  with 
the  included  colourless  glass,  thus  clearly  showing  that  these  quartz- 
crystals  were  actually  developed  within  the  rock  prior  to  or  during 
its  solidification.  The  preparation  also  shows  numerous  dark  opaque 
granules  and  a  few  dark  sections,  apparently  of  minute  octohedra, 
which  are  opaque,  except  at  their  margins,  where  they  feebly  trans- 

mit light ;  and  this  imperfect  opacity  seems  to  imply  that  they  are 
not  magnetite.  The  fine  banding  in  this  rock  is  a  most  perfect  ex- 

ample of  fluxion-structure. 
Representatives  of  this  class  of  rock,  similar  in  structure,  but 

more  or  less  devitrified,  are  to  be  found  among  the  lavas  of  early 
Palaeozoic  age  in  North  Wales. 

No.  3.  Yellowstone  district.    Black  spherulitic  obsidian. 
A  black  glassy  rock,  containing  numerous  pinkish  or  pale-grey 

spherules  irregularly  distributed  and  varying  from  the  size  of  a  pea 
downwards  to  very  small  dimensions. 

M.  The  section  is  seen  to  be  traversed  by  bluish-grey  and  colourless 
bands,  the  former  consisting  of  streams  of  microliths  (fig.  3,  PI.  XX.). 
In  this  banded  structure  there  is  no  depolarization,  showing  that  the 
banding  in  this  case  is  quite  different  from  that  in  the  red  obsidian  just 
described.  The  spherules  either  occur  isolated  or  in  little  colonies. 
Porphyritic  felspar  crystals  occur  here  and  there,  and  they  show  a 
few  glass  enclosures. 

No.  4.  Yellowstone  district.    Spherulitic-banded  obsidian. 
A  rock  consisting  of  dull  dark  grey  and  vitreous  black  bands, 

flecked  with  white  porphyritic  crystals  of  sanidine. 
M.  The  dull  bands  are  seen  to  consist  of  radiately  crystalline 

spherules ;  while  the  deep-black  bands  visible  in  the  hand-specimens 
appear  in  thin  section  as  clear  and  colourless  glass.   In  the  drawing 

*  Since  this  paper  was  read,  I  have  satisfied  myself  that  the  double  refraction 
in  these  coloured  bands  is  probably  due  to  strain,  a  thick  bundle  of  spun  glass 
exhibiting  similar  phenomena. 
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(fig.  4,  PI.  XX.)  two  portions  of  one  and  the  same  sanidine  crystal, 
which  between  crossed  Nicols  undergo  extinction  synchronously  in 
the  same  azimuth,  are  separated  by  spherulitic  matter;  and  this 
seems  to  indicate  that  the  spherules  and  crystals  were  probably 
developed  at  the  same  time. 

No.  5.  Yellowstone  district.    Black  porphyritic  obsidian. 
A  black  glossy  rock,  with  white  porphyritic  crystals,  some  of  them 

|  inch  long.  A  smoothly-ground  surface  shows  fine,  continuous, 
greyish,  parallel  bands  and  porphyritic  crystals  in  a  deep-black 
ground-mass.  The  fractured  surfaces  of  the  specimen  are  very  irre- 

gular or  small  conchoidal. 
i¥.  The  bands  are  seen  to  consist  of  closely  aggregated  spherules  ; 

and  the  surrounding  glass  is  filled  with  streams  of  microliths,  which 
impart  a  finely  banded  appearance  to  it.  The  porphyritic  crystals 
lie  with  their  longest  axes  in  the  same  direction  as  the  bands.  One 
crystal  (part  of  which  is  shown  in  fig.  5,  PI.  XX.)  is  completely  sur- 

rounded by  a  border  of  small  spherules  ;  and  in  another  instance  a 
little  crystal  lies  immediately  within  a  rudely  concentric  series  of 
perlitic  cracks.  The  section  is  fissured  in  all  directions,  the  cracks 
traversing  the  glassy  matrix,  the  spherulitic  bands,  and  the  por- 

phyritic crystals  ;  they  must  therefore  have  been  produced  subse- 
quently to  the  formation  of  those  bodies.  A  few  of  the  porphyritic 

crystals  in  this  rock  bear  a  close  resemblance  to  olivine.  One 

transverse  section  of  a  rhombic  prism  gives  an  angle  of  94°,  which 
corresponds  with  the  angle  in  olivine.  The  face  of  the  section  shows 
the  granulated  surface  so  frequently  seen  in  olivine-sections  ;  the 
angles  of  the  crystal  are  slightly  rounded ;  and  the  fringed  cracks 
which  traverse  the  crystal  closely  resemble  those  seen  in  olivine. 
The  extinctions,  moreover,  in  this  crystal  coincide  with  the  directions 
of  the  crystallographic  axes,  assuming  the  section  to  be  transverse 
to  a  rhombic  prism.  If  this  crystal  be  olivine  (as  I  believe  it  to  be), 
we  have  a  curious  instance,  possibly  the  only  one  yet  recorded,  of 
olivine  occurring  in  an  obsidian.  Zirkel,  however,  describes  the 
occurrence  of  olivine  in  a  trachyte  from  the  top  of  Whitehead  Peak 
in  the  Elkhead  mountains,  which  he  says  "  presents,  beside  sanidine, 
very  many  cracked  quartzes  as  large  as  a  pea,  hornblende,  and  augite, 
and,  what  is  remarkable,  not  very  numerous  but  doubtless  charac- 

teristic half-serpentinized  olivines,  the  sections  of  which,  measuring 
as  high  as  0*75  mm.,  are  visible  even  to  the  naked  eye  in  the  slides. 
The  peculiar  quartz  occurring  here  is  therefore  accompanied  by  a 
mineral  which  has  never  before  been  observed  in  a  sanidine  rock "  *. 

No.  6.  Yellowstone  district.    Spherulite  rock. 
A  pale  bluish-grey  rock,  slightly  cellular  and  with  yellowish-brown 

stains,  with  numerous  little  porphyritic  felspar  crystals  (chiefly 
sanidine)  and,  exceptionally,  some  roundish  grains  of  quartz.  On 
a  smoothly-cut  surface  the  rock  is  seen  to  consist  almost  wholly  of 
closely  aggregated  spherules,  with  a  little  dark  glassy  interstitial 
matter.    It  is,  in  fact,  an  obsidian  almost  completely  devitrified  by 

*  "Microscopical  Petrography,"  p.  159  (U.S.  Exploration  of  the  Fortieth Parallel:  Washington,  1876). 
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the  development  of  spherules  and  small  porphyritic  crystals,  and 
may  be  regarded  as  a  spherulitic  condition  of  sanidine  trachyte 
or  rhyolite. 

M.  It  is  seen  to  consist  of  a  multitude  of  spherules  which  possess 
a  radiating,  crystalline,  or  fibrous  structure,  and  consequently  show 
dark  crosses  between  crossed  Nicols  (fig.  6,  PL  XX.).  The  spherules 
vary  in  diameter  from  about  inch  to  extremely  minute  specks, 
when  the  section  appears  (in  these  parts)  to  pass  into  a  microcrystal- 
line  condition,  apparently  identical  with  felsite.  Indeed,  from  the 
microscopic  study  of  this  and  many  other  more  or  less  closely  allied 
rocks,  it  appears  to  me  desirable  to  abolish  any  hard  lines  of  classifica- 

tion which  have  hitherto  been  drawn  between  the  trachytes,  rhyolites, 
and  felstones.  The  spherules  frequently  form  continuous  and  some^- 
what  tortuous  strings,  which,  between  crossed  Nicols,  resemble  the 
chenille  put  round  the  bottom  of  glass  shades  to  exclude  dust.  The 
porphyritic  felspars  frequently  fail  to  show  any  definite  crystal- 
lographic  boundaries,  and  are  occasionally  penetrated  by  creeks  of 
the  surrounding  substance,  which  in  one  or  two  instances  is  included 
and  shut  off  from  the  matrix.  The  porphyritic  quartz-grains  are 
often  irregular  in  outline,  and  do  not  appear  to  have  any  good  fluid 
enclosures. 

No.  6  a.  Yellowstone  Canon.    Quartz  rhyolite. 
A  pale  bluish-grey  compact  rock,  showing  delicate  wavy  fluxion- 

bands,  which,  on  a  smooth  surface,  are  seen  to  thin  off,  seldom  being 
continuous  for  more  than  an  inch.  Numerous  small  porphyritic 
grains  of  quartz  and  a  very  few  crystals  of  sanidine  are  also  visible. 

M.  The  ground-mass  of  the  rock  is  seen  to  be  apparently  micro- 
granular,  while  the  bands  also  show  a  microcrystalline  or  crystalline- 
granular  structure,  but  very  much  coarser.  It  is  just  the  same  tex- 
tural  difference  which  is  still  visible  in  microscopic  sections  of  our 
archaean  and  palaeozoic  rhyolites.  The  ground-mass  varies  in  texture 
in  different  parts  of  the  section ;  and,  where  finest-grained,  it  is 
studded  with  little  roundish  blotches,  which  seem  to  depolarize  more 
strongly,  and  which  appear  lighter  than  the  ground-mass  when  the 
Nicols  are  crossed,  and  darker  when  they  are  set  parallel,  or  when 
the  section  is  seen  by  ordinary  transmitted  light.  When  examined 
with  an  amplification  of  about  250  diameters,  these  spots  seem  to  be 
the  result  of  devitrification ;  while  by  employing  a  quartz  plate  it 
is  seen  that  the  ground-mass  is  partially  isotropic,  and  the  doubly 
refracting  spots  appear  to  become  more  mixed  with  isotropic  matter 
towards  their  margins.  The  spots,  in  fact,  resemble  segregations  of 
doubly  retracting  granules,  which  impart  a  sort  of  spotty  mottling 
to  the  ground-mass.  The  porphyritic  quartz- crystals  are  nearly  all 
rounded  in  outline,  like  those  which  occur  in  quartz-porphyries  ;  but, 
unlike  the  latter,  they  seem  to  contain  no  fluid  lacunae.  This  rock 
affords  interesting  material  for  the  study  of  devitrification. 

No.  6  b.  Lower  Geyser  basin ;  is  a  pale  grey  or  drab  rock,  with 
darker  parallel  bands.  It  is  a  banded  spherulite  rock,  the  bands 
consisting  of  small  and  the  remainder  of  larger  spherules.  It  closely 
resembles  No.  6,  except  in  the  better  definition  of  the  bands.  The 
rock  contains  some  porphyritic  felspar  crystals. 
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No.  7.  Quartz  rhyolite.    Gardiner's  Kiver. 
Compact  pale  bluish-grey  rock,  containing  numerous  granules  of 

quartz  and  a  few  crystals  of  sanidine.  A  rudely  banded  structure  is 
visible  on  a  smoothly  cut  surface  of  the  specimen. 

M.  Shows  curiously  twisted  and  gnarled  bands  which  end  abruptly 
(fig.  7,  PI.  XX.).  This  may,  however,  be  in  some  instances  due  to 
their  being  cut  off  by  the  upper  and  lower  surfaces  of  the  preparation. 
The  structure  closely  resembles  the  mottling  on  gun-barrels.  In  some 
of  the  thicker  bands  traces  of  a  fibrous  crystalline  structure,  transverse 
to  the  bands,  is  visible  in  polarized  light ;  and  this,  taken  in  conjunc- 

tion with  the  frequently  looped  or  annular  disposition  of  the  bands, 
may  be  accepted  as  evidence  that,  at  all  events  to  some  extent,  the 
general  structure  of  the  rock  is  due  to  an  attempt  to  develop  sphe- 

rules, but  especially  such  as  have  an  elongated  axis,  as  in  the  axiolites 
described  by  Zirkel. 

Wo.  8.  Yellowstone  district,  Lower  Geyser  basin.  Vitreous  tuff 

("  obsidian  sandstone  "). 
A  finely  granular  rock  of  a  dark  or  blackish  colour,  with  light 

specks.    The  granules  have  a  vitreous  lustre. 
M.  It  is  seen  to  be  a  tuff  composed  of  small  fragments  of  vitreous 

rocks  which  in  most  instances  show  well-marked  perlitic  structure 
(fig.8,Pl.  XX.),  and  detached  crystals  and  fragments  of  crystals  which 
in  most  cases  appear  to  be  sanidine  and  occasionally  plagioclastic 
felspar.  The  transverse  sections  of  some  of  the  former  are  lozenge- 
shaped,  the  boundaries  being  faces  of  the  oblique  rhombic  prism  and 

giving  an  angle  of  about  118°.  These  fragments  of  rocks  and  crystals 
are  bound  together  by  a  cementing  material  which,  in  a  not  very  thin 
section,  appears  brown  or  even  absolutely  opaque  by  substage  illu- 

mination, and  reddish  brown  by  reflected  light.  It  is  most  likely 
limonite.  As  already  mentioned,  the  section  is  a  rather  thick  one  \ 
and  between  crossed  Nicols  the  majority  of  the  spheroidal  spaces 
enclosed  by  the  perlitic  cracks  in  the  rock-fragments  exhibit  more 
or  less  well-marked  depolarization  and  a  dark  interference  cross. 
The  cross  is  sometimes  rather  irregular  or  distorted.  In  some 
instances  depolarization  takes  place  only  along  the  bounding  cracks  ; 
in  others  it  forms  a  well-defined  zone,  the  central  portion,  where  the 
arms  of  the  cross  would  intersect,  remaining  dark  and  forming  an 
approximately  round  spot,  as  in  fig.  2.    These  phenomena  appear 

Pig.  2. — Areas  of  Depolarization  from  Strain  within  Perlitic  Bodies 
in  Obsidian  Tuff  ("  Obsidian  Sandstone  "),  Yellowstone  District. 

most  distinctly  to  be  the  result  of  strain ;  for  Lommel  *  remarks, 

*  'The  Nature  of  Light,'  p.  330  (International  Scientific  Series,  London,  1875). 
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"  the  double  refraction  of  compressed  and  suddenly  cooled  glass  is 
nevertheless  essentially  different  from  that  of  crystals  ; "  and  he 
adds  that,  in  order  to  project  the  system  of  rings  of  a  strained  glass 

disk  upon  a  screen,  using  Dubosq's  polarizing  arrangement,  it  must 
he  placed  at  a  point  where  "  the  rays  by  which  it  is  struck  are  nearly 
parallel,  and  traverse  the  plate  in  the  same  direction  and  with  the 
same  length  of  path.  The  difference  of  path  which  gives  rise  to  the 
system  of  rings  can  therefore  only  be  due  to  the  fact  that  the  double 
refraction,  whilst  the  course  of  the  rays  remains  unaltered,  increases 
totvar ds  the  periphery  of  the  plate.  In  a  cr}rstal,  on  the  contrary, 
the  double  refraction  is  at  all  points  the  same  for  the  same  direction 

of  the  rays."  .... 
Before  proceeding  another  step  I  wish  to  place  side  by  side  with 

this  statement  an  extract  from  the  late  Hermann  Vogelsang's  '  Kry- 
stalliten '  *.  Speaking  of  some  crystallites  in  a  piece  of  thick  glass 
from  the  glass-works  at  Stolberg,  he  states  that  for  a  certain  distance 
around  these  isotropic  crystallites  the  glass  exhibits  double  refrac- 

tion, a  neutral  cross  also  traversing  the  anisotropic  area.  In  one 
case  he  noticed  a  slight  disturbance  of  this  cross  in  the  neighbour- 

hood of  an  ellipsoidal  body,  which  seemed  to  him  to  indicate  that 
the  strain  in  this  instance  was  not  constant  in  all  directions  ;  and 

he  states,  "  It  is  also  to  be  remarked  that  the  glass  at  the  boundary 
of  the  polarization-picture  is  sometimes  traversed  by  a  fissure,  a 
spheroidally-running  cleft.  The  polarizing  action  is  not  thereby 
disturbed.  Whether  these  cracks  were  produced  during  the  cooling 
of  the  glass,  or  whether  they  have  subsequently  been  developed  in 

the  splitting-off  and  grinding  of  the  preparation,  I  am  unable  to  say." 
If  the  careful  observer,  who  penned  the  lines  I  have  just  quoted, 
had  seen  the  preparation  which  is  now  placed  before  you,  I  think 
that  his  doubts  with  regard  to  the  origin  of  those  spheroidal  fissures 

would  have  vanished.  "We  have  here,  I  believe,  additional  confirma- tion of  the  views  advocated  by  Professor  Bonney,  Mr.  Allport,  Mr. 
Cole,  and  myself  with  regard  to  the  origin  of  perlitic  structure. 

But  we  have  something  more.  If  Vogelsang's  crystallites  be  em- 
bryonic crystals  (as  I  think  we  may  certainly  assume  that  they  are), 

we  have  a  close  relationship  between  crystallogenesis  and  perlitic 
fission  ;  and,  indeed,  in  the  section  to  which  our  attention  is  now 
confined,  there  are  plentiful  examples  of  doubly  refracting  crystals 
which  are  immediately  surrounded  by  perlitic  cracks,  but  which  do 
not,  save  very  exceptionally,  transgress  those  boundaries. 

In  a  paper  upon  a  somewhat  kindred  subject  f  I  have  already 
quoted  a  statement  of  Bischoff,  to  the  effect  that  trachytic  rocks,  in 
passing  from  a  vitreous  to  a  crystalline  state,  undergo  a  shrinkage 
of  nearly  10  per  cent,  of  their  original  bulk.  In  those  few  instances 
in  which  a  perlitic  crack  passes  through  a  crystal,  there  is  commonly 
another  crystal  developed  by  its  side,  which,  with  its  surrounding 

*  '  Die  Krystalliten,'  Bonn,  1875,  p.  68.  Admirable  figures  of  these  crystal- lites are  given  in  plates  ix.  and  x.  of  the  ibove  work. 
f  "On  some  Structures  in  Obsidian,^  erlite,  and  Leucite,"  Monthly  Micro- 

scopical Journal,  vol.  xv.  p.  183. 
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crack,  may  hare  been  formed  subsequently  to  the  crystal  which  is 
traversed  by  that  crack.  What  are  we  to  infer  from  these  crack- 
begirt  crystals  ?  Surely  we  have  here  something  like  the  contraction 
experimentally  determined  by  Bischof  in  rocks  of  precisely  similar 
constitution.  The  crystal  is  a  constituent  of  trachyte ;  it  may  be 
regarded  even  as  a  small  piece  of  trachyte  developed  within  obsidian. 
The  strain  upon  the  surrounding  glass,  engendered  by  the  formation 
of  this  crystal,  is,  I  have  no  doubt,  the  cause  of  the  rupture  in  the 
surrounding  glass ;  and  the  gape  of  the  fissure  is  the  measure  of  the 
contraction  for  any  one  plane.  The  polarization-figures  seen  within 
the  perlitic  areas  surely,  then,  bespeak  the  incipient  strain  which 
heralds  the  production  of  the  crystal ;  and  I  believe  that  the 
rounded  boundaries  and  the  curved  cracks,  so  frequently  seen  within 
the  angles  of  olivine  and  other  crystals  developed  in  vitreous  rocks, 
are  but  another  expression  of  the  laws  which  crystallization  enforces 
in  a  surrounding  amorphous  mass.  In  studying  these  questions  we 
seem  almost  to  stand  upon  the  threshold  of  crystallography ;  and  I 
may  well  close  this  paper  with  the  hope  that  the  subject  may  be 
taken  up  by  more  able  hands  :  for  it  requires  further  investigation, 
since  there  are  periites  in  which  no  apparent  relation  exists  between 
the  perlitic  structure  and  the  porphyritic  crystals — as  in  some  of  the 
periites  of  Chemmitz,  where  even  a  score  of  small  perlitoids  may  be 
seen  to  abut  against  the  margin  of  a  single  crystal  of  sanidine  or 
of  magnesian  mica.  In  these  rocks  we  have,  indeed,  always  assumed 
that  the  development  of  perlitic  structure  was  subsequent  to  the 
formation  of  the  porphyritic  crystals,  and  not  approximately  syn- 

chronous with  it,  as  I  think  has  been  the  case  in  the  materials  of 
the  obsidian  tuff  just  described.  In  an  inquiry  of  this  kind  thick 
sections,  as  well  as  thin  ones,  should  be  prepared  and  examined, 
and  conclusion  after  conclusion  discarded  if  needful,  until  the  truth 
is  reached.  Indeed,  I  am  not  unwilling  to  believe  that  some  of  the 
phenomena  which  we  have  just  discussed  may  be  due  to  different 
operations  of  one  force,  or  of  different  forces  ;  and,  just  as  the  same 
mineral  may  sometimes  be  formed  by  a  wet  or  by  a  dry  process,  so 
it  is  possible  that  similar  structures  may  not  always  be  due  to  the 
same  cause. 

Appendix. — Microscopic  Characters  of  Volcanic-  Rocks  of  Montana. 
2s  o.  9  (the  rock  from  Mount  Washburn)  is  an  andesite  which  seems  to 

be  intermediate  in  character  between  the  augite-  and  the  hornblende- 
andesites,  and  approximates  in  mineral  constitution  to  a  basalt. 

The  constituents  are  chiefly  triclinic  felspar,  augite,  hornblende, 
magnetite,  and  vitreous  matter. 

A  little  sanidine  also  appears  to  be  present.  The  augite  and 
hornblende  crystals  generally  show  a  dark  border  when  examined 
under  the  microscope  with  substage-illumination.  By  reflected  light 
these  borders  appear  of  a  bright  rust-red,  and  are  doubtless  due  to 
marginal  decomposition  of  the  hornblende  and  augite.  These  stains 
and  granules  of  peroxide  of  iron  impart  a  reddish  brown- colour  to 
the  rock.    The  vitreous  matter  constitutes  a  considerable  proportion 
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of  the  ground-mass.  A  little  bright  green  matter  is  also  present, 
which  appears  to  occupy  irregular  vesicles,  and  which  is  either  green 
earth  or  some  closely  allied  mineral  of  secondary  origin.  The  angles 
of  extinction  of  the  felspars  seem  to  indicate  that  the  triclinic  ones 
are  labradorite. 

The  rock  from  Tower  Palls  closely  resembles  that  just  described, 
except  that  it  contains  apparently  no  augite  and  more  hornblende. 
The  crystals  of  the  latter  mineral  are  also  surrounded  by  opaque 
borders,  which  are  often  broad,  and  consist  of  an  internal  zone  of 
magnetite  and  an  external  one  of  haematite,  which  appears  sharply 
defined  at  its  contact  with  the  magnetite.  The  rock  is  hornblende 

andesite.  It  is  of  paler  colour  than  that  from  Mount  "Washburn, 
the  hand-specimen  being  grey,  with  minute  reddish  brown,  black, 
and  white  specks  *. 

APPENDIX. 

On  the  Mode  of  Occurrence  of  some  of  the  Volcanic  Kocks  of 
Montana,  U.S.A.    By  James  Eccles,-  Esq.,  P.G.S. 

The  volcanic  district  of  the  Yellowstone  National  Park,  from  which 
I  obtained  the  various  rock-specimens  referred  to  in  the  foregoing 
paper,  has  been  already  described  in  detail  by  Dr.  Hayden,  Dr.  A. 
C.  Peale,  and  Prof.  Bradley,  in  the  reports  of  the  U.S.  Geological 
Survey  of  the  Territories  for  the  years  1871  and  1872. 

In  the  autumn  of  1878  I  had  the  good  fortune  to  accompany  Dr. 
Hayden  and  other  members  of  his  survey  in  some  parts  of  the 
district  referred  to ;  and  although  I  have  no  intention  of  giving  a 
detailed  description  of  the  volcanic  phenomena  which  were  observed, 
a  short  notice  of  the  localities  whence  the  specimens  were  obtained, 
and  of  the  general  mode  of  occurrence  of  the  rocks,  may  be  of  some 
interest  as  a  supplement  to  Mr.  Eutleys  description  of  their  micro- 

scopic characters. 
The  Yellowstone  National  Park,  within  which  are  the  head-waters 

of  two  of  the  great  forks  of  the  Missouri  (the  Yellowstone  river  and 
the  Madison)  and  of  the  Snake  river  (one  of  the  branches  of  the 
Columbia,  comprises  an  area  of  about  3600  square  miles,  nearly  the 
whole  of  which  is  covered  up  by  volcanic  rocks  of  great  thickness. 
There  are  very  few  exposures  of  underlying  sedimentary  or  other 
formations :  and  these  are  almost  entirely  limited  to  the  extreme 
northern  edge  of  the  area.  Some  fifteen  miles  south  of  the  southern 
boundary  the  extension  of  these  volcanic  rocks  is  seen  to  rest  upon 
the  northern  spurs  of  the  Teton  range  of  mountains,  at  which  point 
the  underlying  formation  has  been  ascertained  by  Prof.  Bradley  to 
be  of  Carboniferous  age.  On  approaching  the  Park  from  the  south 
along  the  upper  valley  of  the  Snake,  these  volcanic  rocks  appear  to 
form  an  irregular  plateau  densely  covered  with  forest.  Prom  the 
point  at  which  we  first  struck  this  plateau,  as  far  as  the  Upper 
Geyser  basin  on  the  Pirehole  river  (the  chief  branch  of  the  Madison), 

*  For  the  discussion  upon  this  paper  see  p.  412. 
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Fig.  3. — Map  of  part  of  the  Tellovjstone  Park. 
(Scale  about  20  miles  to  1  inch.) 

is  a  linear  distance  of  about  twenty-five  miles,  but  three  days  of  hard 
travelling.  The  rocks  consist  entirely  of  varieties  of  obsidian  and 
trachyte,  the  latter  almost  invariably  being  found  in  great  mass 
under  the  former. 

The  obsidian,  though  frequent,  is  somewhat  irregularly  distri- 
buted. It  is  both  black  and  reddish  brown,  is  occasionally  columnar, 

and  is  nearly  always  porphyritic.  The  most  common  form  is  a  coarse, 
rapidly  weathering  variety,  containing  many  crystals  of  sanidine. 
The  disintegration  of  this  rock  produces  some  curious  fine  conglo- 

meratic deposits  in  the  old  watercourses  and  river-beds  (No.  8). 
The  trachyte  is  constant  and  of  very  great  thickness,  and  is  evi- 

dently elosely  allied  to  the  obsidian.  A  cliff-section  in  the  Upper 
Geyser  basin  suggests  a  transition  from  trachyte  to  obsidian.  (Nos. 
4  and  6  were  obtained  from  this  section.) 
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'  East  of  the  Firehole  river  and  across  the  divide  between  the 
Madison  and  Yellowstone  rivers  the  section  presents  the  same  gene- 

ral characters  as  that  between  the  Snake  and  the  Madison.  High 
up  on  the  divide  the  trachytes  are  light  in  colour,  and  there  is  some 
pumice  occurring  on  the  surface.  On  the  east  of  the  divide  the 
obsidian  thins  away  for  some  distance,  but  is  found  again  above 
the  Great  Canon  of  the  Yellowstone,  where  it  is  capped  by  fully 
300  feet  of  fine  sandstones  and  shales,  probably  of  Quaternary  age, 
which  have  doubtless  been  deposited  by  the  Yellowstone  lake  in  a 
former  period  of  extension.  The  rocks  in  this  basin,  and  especially 
in  the  section  exposed  in  the  Great  Canon,  have  been  minutely  de- 

scribed by  Drs.  Hayden  and  Peale ;  and  I  have  nothing  to  add  to 
their  description.  It  is  sufficient  to  say  that  the  order  and  general 
character  of  the  rocks  is  almost  precisely  the  same  as  in  the  upper 
part  of  the  Madison  basin.  , 

Up  to  this  point  the  volcanic  phenomena  had  been  almost  uni- 
form. The  trachyte -flows,  although  dipping  slightly  here  and  there 

(as  much  as  20°  in  the  Upper  Geyser  basin),  were  approximately 
level ;  and  the  country  through  which  I  had  passed  seemed  to  be 
quite  destitute  of  any  features  which  I  could  recognize  as  vents  from 
which  such  an  enormous  mass  could  have  been  poured  out.  Seven 
miles  north  of  the  head  of  the  Canon  a  change  is  observable.  Mount 
Washburn  here  attains  an  elevation  of  from  2500  to  3000  feet  above 
the  trachytes  of  the  Canon,  and  is  a  true  volcanic  cone.  The  summit  is 
a  broken-down  crater;  and  the  lava-flows,  which  are  basaltic  (No.  9), 
dip  away  in  all  directions,  and  conform  generally  to  the  slopes  of  the 
mountain.  I  found  no  contact  between  the  basalts  and  the  trachytes 
on  the  southern  side  of  the  mountain ;  but  it  is  quite  evident  that 
the  former  overlie,  and  are  more  recent  than,  the  great  mass  of  tra- 
chytic  rocks  just  described. 

Descending  on  the  north  side  of  the  mountain,  the  Yellowstone 
river  was  reached  again  near  Tower  Falls,  a  distance  of  ten  miles 
from  the  peak ;  and  here  the  trachytes  are  again  seen  in  the  river- 
section,  with  columnar  basalts  resting  on  them.  I  was  not  sure 
whether  these  basalts  had  flowed  from  Mount  Washburn  or  from 
some  vent  on  the  east  side  of  the  Yellowstone  :  but,  compared  with 
the  trachytes,  they  were  comparatively  insignificant  both  in  extent 
and,  except  on  the  mountain  itself,  in  thickness.  These  basalts  had 
been  poured  out  before  the  formation  of  the  present  Canon  ;  for  the 
river  here  cuts  its  way  through  basalt  and  trachyte  nearly  400  feet 
deep. 

The  locality  of  Gardiner's  river,  whence  the  specimen  No.  7  was 
obtained,  as  well  as  the  intervening  space  between  this  river  and 
Tower  Falls,  was  passed  over  most  rapidly  by  me,  owing  to  bad 
weather  and  Indian  troubles.  The  trachyte  in  this  locality  resem- 

bles strongly  that  of  the  Great  Canon  in  mineral  character.  Although 
there  is  a  considerable  distance  between  Tower  Falls  and  Gardiner's 
river  where  the  trachyte  does  not  exist,  owing,  probably,  to  denu- 

dation, I  am  inclined  to  regard  this  Gardiner's-river  trachyte  as 
belonging  to  the  great  mass  of  trachytes  further  south. 
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EXPLANATION  OF  PLATE  XX. 

Vitreous  rocks  of  Montana. 

Fig.  1.  Black  obsidian  containing  trichites.    Yellowstone  district,     X  250. 
2.  Red  obsidian  showing  in  thin  section  reddish-yellow  bands  of  glass, 

and  grains  of  quartz,  in  a  nearly  colourless  glass.  Yellowstone  district. 
X  25. 

3.  Black  spherulitic  obsidian  with  bands  of  microliths  and  radiately  crys- 
talline spherules.    Yellowstone  district.    X  77.    Nicols  at  85°. 

4.  Spherulitic  obsidian,  consisting  of  dull  dark-greyish  and  vitreous  black 
bands,  necked  with  white  glassy  porphyritic  crystals  of  sanidine.  The 
dull  bands  are  composed  of  radiately  crystalline  spherules,  while  the 
vitreous  bands  consist  of  glass,  black  in  the  hand-specimen  and  colour- less in  thin  section.    Yellowstone  district.    X  25. 

5.  Black  porphyritic  obsidian  with  spherulitic  bands.    The  drawing  shows 
part  of  a  section  of  one  of  the  porphyritic  crystals  of  sanidine,  which 
is  surrounded  by  an  isolated  girdle  of  small  spherules.  Yellowstone 
district.    X  18. 

6.  Yellowish  grey  spherulite  rock  with  small  porphyritic  crystals  of  sani- 
dine.   Yellowstone.    X  32.    Crossed  Nicols. 

7.  Rhyolite  with  peculiar  Damascene  structure  and  grains  of  quartz. 
Between  crossed  Nicols  it  is  seen  to  have  a  microcrystalline  structure 
throughout.    Gardiner's  River.    X  55. 

8.  "Obsidian  sandstone,"  a  finely  granular  blackish  tuff,  composed  of angular  grains  of  vitreous  rocks  of  different  appearance,  the  majority 
being  perlitic,  others  showing  merely  microlithic  streaks,  but  all  pro- 

bably derived  from  approximately  the  same  source  and  representing 
the  disintegration  and  cementing  in  place  of  vitreous  rocks.  The 
drawing  shows  part  of  one  of  the  perlitic  fragments,  in  which,  between 
crossed  Nicols,  an  interference-cross  is  seen  in  the  centres  of  some  of 
the  perlitic  spheroids,  similar  to  the  crosses  seen  under  similar  circum- 

stances in  artificially  strained  or  compressed  glass.  In  the  lower  part 
of  the  field  a  crystal  of  triclinic  felspar  is  shown.  Lower  Geyser  basin, 
Yellowstone  district.    X  18.    Nicols  at  85°. 

Note.—  Except  when  otherwise  stated,  the  drawings  have  been  made  by  ordi- 
nary transmitted  light. 
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31.  On  the  Microscopic  Structure  of  Devitrified  Rocks  from 
Beddgelert  and  Snowdon  ;  with  an  Appendix  on  the  Eruptive 
Rocks  of  Skomer  Island.  By  Frank  Rutlet,  Esq.,  F.G.S. 
(Read  April  6,  1881.) 

[Plate  XXL] 

The  specimen  from  the  south  side  of  the  Capel  Curig  road,  about  |  mile 
from  Beddgelert,  which  was  collected  by  Mr.  George  G.  Butler  *,  and 
which  he  kindly  placed  at  my  disposal,  is  a  rather  dark  greenish- 
grey  rock,  spotted  with  pale  greenish-grey  spherules,  some  of  which 
are  over  i  inch  in  diameter,  and  which,  besides  occurring  isolated 
and  in  approximately  spherical  forms,  have  also  coalesced,  forming 
bands  from  1  inch  to  nearly  \  inch  in  breadth.  On  a  smoothly  cut 
surface  they  afford,  by  their  pale  tint,  a  strong  contrast  to  the  dark 
matrix.  The  isolated  spherules  and  spherulitic  bands  are  shown  in 
fig.  3  (PI.  XXI.)  as  they  appear  when  magnified  about  6  diameters. 
A  thin  section,  when  examined  between  crossed  Xicols,  is  seen  to 
be  studded  all  over  with  small  doubly  refracting  specks.  By  ordi- 

nary transmitted  light,  and  under  a  power  of  25  diameters,  a  marked 
difference  is  visible  in  the  microscopic  characters  of  the  spherules 
and  the  matrix,  the  former  being  almost  colourless,  save  for  a  few 
pale  greenish  flecks,  which  become  more  closely  aggregated  at  the 
margins  of  the  spherules,  forming  a  somewhat  darker  border,  while 
the  matrix  appears  to  consist  of  a  closely  matted  or  granulated  deep- 
green  substance  resembling  chlorite,  through  which  are  interspersed 
a  great  number  of  clear  spots  consisting  of  nearly  colourless  matter, 
similar  to  that  which  composes  the  spherules.  Between  the  sphe- 

rules and  the  matrix,  forming  a  sharp  boundary,  is  a  clear,  narrow, 
colourless  border  (fig.  1,  PI.  XXL),  while  the  matrix  itself  is  tra- 

versed by  more  or  less  sharply  defined  hues,  which  also  appear  clear 
and  colourless. 

These  lines  seem,  in  places,  to  be  nearly  straight,  and  to  divide 

*  Extract  from  letter  from  G.  G.  Butler,  Esq. : — 
"  With  regard  to  the  fragment  of  spherulitic  felstone,  I  have  only  to  say  that 

1  knocked  it  off  the  corner  a  piece  of  ;rock,  perhaps  6  or  8  feet  square  and 
2  or  3  high,  projecting  fromta  sloping  field  on  the  south  side  of  the  road  from 
Beddgelert  to  Capel  Curig — about  a  quarter  of  a  mile  from  the  former  place,  and 
perhaps  200  yards  from  the  road,  the  field  sloping  down  towards  the  road. 
The  rock  appeared  to  be  in  situ.  I  found  similar  specimens  on  other  protruding 
rocks  near,  but  none  so  perfect  as  this.  I  fear  I  cannot  give  any  more  informa- 

tion about  it. 
"A  rock  which  abuts  on  the  north  side  of  the  road,  nearly  opposite,  but  not 

so  far  from  Beddgelert  (in  fact,  just  at  the  edge  of  the  village),  presents  a  curious 
appearance  from  a  number  of  globular  bodies  contained  in  it  averaging  2  or  3 
inches  in  diameter  and  standing  half  out  from  its  surface.  When  knocked  in  a 
careful  way,  they  come  out  bodily,  leaving  an  empty  hemispherical  socket. 

"  I  remain,  very  truly  yours, 
"Gr.  G.  Butler." 
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the  rock  into  small  irregular  cuboidal  masses.  They  also  describe 
irregular  circles  or  ellipses,  the  sections  of  spheres  and  ellipsoids, 
which  appear  nearly  to  fill  the  spaces  enclosed  by  the  rectilinear 
divisions. 

These  straight  and  curved  streaks  have  a  very  perceptible  breadth 
(as  shown  in  fig.  5,  PI.  XXI.,  magnified  about  12  diameters).  Be- 

tween crossed  Xicols  they  break  up  into  an  infinity  of  small  doubly- 
refracting  granules;  and  we  may  infer  that  they  represent  small 
fissures  which  have  subsequently  been  rilled  by  infiltration. 

The  curved  lines  seem  to  indicate  a  coarse  kind  of  perlitic  or 
spheroidal  structure ;  and  their  relation  to  the  straight  lines  at  once 
calls  to  mind  the  similar  phenomena,  on  a  larger  scale,  in  the  basalts 
of  Le  Puy  and  Rowley  Regis,  described  by  Professor  Bonney*. 

In  one  part  of  the  matrix  there  is  a  roundish  patch,  somewhat  less 
than  -J^  inch  in  diameter,  in  which  evident  traces  of  perlitic  struc- 

ture are  discernible.  A  portion  of  this  patch,  magnified  25  diameters, 
is  shown  in  fig.  4,  PI.  XXI. 

The  spherules  and  spherulitic  bands  are  destitute  of  any  definite 
internal  arrangement.  There  is  no  trace  either  of  radiating  or  of 
concentric  structure.  Under  an  amplification  of  575  diameters  the 
spherules  are  seen  to  consist  of  a  confused  aggregate  of  extremely 
minute,  colourless,  rounded  granules  and  pale  green  scales  :  the 
latter  appear  to  be  chlorite.  The  little  colourless  granules  closely 
resemble  in  appearance  and  in  dimensions  the  granules  of  spes- 
sartine  which  occur  in  the  Belgian  honestones,  and  which  have  been 
determined  and  described  by  Renardf .  Owing  to  their  extremely 
small  dimensions,  they  fail  to  occupy  the  entire  thickness  of  the 
section  ;  hence  they  are  always  overlain  or  underlain  by  doubly- 
refracting  matter,  which  precludes  the  possibility  of  ascertaining 
whether  they  are  isotropic.  On  examining  a  section  of  the  coticule 
of  Dressante,  near  Hebronval,  in  Belgium,  given  me  by  Prof.  Renard, 
I  find  just  the  same  difficulty,  except  upon  the  extreme  margin  of 
the  section,  where  a  few  of  the  granules  have  parted  from  the  pre- 

paration, and  can  be  examined  independently.  In  such  cases  the 
light,  of  course,  undergoes  extinction  during  a  complete  revolution 
between  crossed  Nicols. 

Returning  to  the  Beddgelert  section,  a  few  of  the  minute  colourless 
granules  may  also  be  met  with  in  an  isolated  condition ;  and  their 
isotropic  character  can  then  be  readily  recognized.  Under  these 
circumstances  we  may,  perhaps,  be  justified  in  regarding  them  as 
garnets,  and  possibly  the  manganese  garnet  spessartinei.  There  is, 
indeed,  a  honestone,  well  known  to  the  natives,  and  occurring  in  a 
quarry  at  Pen-y-Gwryd  at  the  head  of  the  Llanberis  Pass,  which, 
like  its  Belgian  representative,  contains  numerous  minute  garnets 

*  "On  Columnar,  Eissile,  and  Spheroidal  Structure,"  Quart.  Journ.  Geol. Soc.  vol.  xxxii.  p.  140. 
t  Memoire  sur  la  structure  et  la  composition  mineralogique  du  Coticule ; 

Brussels,  1877. 
j  Blowpipe  examination  of  the  finely  powdered  rock  shows  distinctly  the 

presence  of  manganese. 
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identical  in  appearance  with  the  little  grains  in  the  Beddgelert 
rock. 

From  the  general  character  of  this  rock,  from  its  spherules  and 
spherulitic  bands,  and  from  the  vestiges  of  perlitic  structure  which 
it  presents,  I  have  no  hesitation  in  regarding  it  as  a  devitrified  obsi- 

dian or  pitchstone.  This  might,  however,  be  inferred  by  any  practised 
geologist  without  recourse  to  the  microscope  ;  and  it  is  only  right  to 
add  that  Mr.  Butler  was  well  aware  of  its  nature  when  he  gave  me 
the  specimen. 

The  rock  next  to  be  described  is  associated  with  Bala  beds,  and 

occurs  at  Clogwyn  d'ur  Arddu,  a  high  ridge  about  1  mile  N.W.  of 
the  summit  of  Snowdon.  The  specimen  from  which  the  section  has 
been  cut  was  collected  long  ago  by  Professor  Ramsay*,  and  is  now 
in  the  rock- collection  in  Jermyn  Street. 

The  specimen  is  of  a  greenish  grey  colour,  and  shows  an  interest- 
ing weathered  surface  with  projecting  bands  lying  closely  together, 

and  separated  by  rather  deep  and  narrow  furrows.  Speaking  of 
these  bands,  Prof.  Ramsay  states  that  they  "  probably  originated  in 
the  same  cause  that  produced  the  lamination  in  the  lava  of  Ascension"f . 
Under  the  microscope  (fig.  2,  PL  XXI.)  the  section  exhibits  an  irre- 

gular wavy-banded  structure,  such  as  might  have  been  inferred  from 
the  banded  character  of  the  weathered  surface.  In  polarized  light  this 
banding  is  marked  by  a  strong  difference  in  texture  or  grain ;  for  the 
rock  throughout  is  micro  crystalline  and  is  now  feist  one. 

A  comparison  of  this  rock  with  unaltered  banded  obsidians  of  com- 
paratively late  geological  age,  such  as  those  of  Ascension,  the  Liparis, 

the  Yellowstone,  and  other  volcanic  districts,  leaves  but  little  doubt 
that  the  structure  has  resulted  from  fluxion ;  and  I  think  we  may 
also  assume  that  the  rock  was  once  vitreous. 

On  the  right-hand  side  of  the  road,  between  Pont-y-Gromlech 
and  Gorphwysfa,  as  we  ascend  the  Llanberis  Pass,  an  outcrop  of 
dark  grey  felstone-like  rock  occurs,  which  breaks  or  splinters  under 
the  hammer  into  irregular  slabs  or  platy  fragments.  The  fissile 
structure  appears  at  first  sight  to  be  due  to  the  presence  of  dark 
greenish-black  films  with  an  oily  lustre,  resembling  patches  of 
talcose  slate.  It  is,  however,  possible  that  other  and  more  minute 
structure  may  also  have  some  share  in  imparting  this  schistose  cha- 

racter to  the  rock.  In  its  present  condition  it  may  be  termed  a 
felsite  schist ;  and  it  is  probable  that  many  geologists  would,  from 
the  general  appearance  of  hand-specimens,  regard  it  as  an  indurated 
volcanic  ash.  For  a  long  time  the  microscopic  character  of  this 
rock  has  been  a  source  of  perplexity  to  me.  tinder  the  microscope, 
by  ordinary  transmitted  light,  the  section  is  seen  to  be  made  up  of 
small  fragments,  strings,  and  shreds  of  every  shape,  separated  by 
finely  granular  and  less  translucent  matter,  which  is  strongly  im- 

pregnated with  a  very  pale  greenish  chloritic  substance  forming  very 

*  By  permission  of  Prof.  Ramsay  this  description  is  now  laid  before  the Society. 
t  Descriptive  Catalogue  of  Eock-specimens  in  the  Museum  of  Practical  Geo- 

logy, 3rd  edit.  (1862),  p.  42,  spec.  374,  wall-case  41. 
Q.  J.  G.  S.  No.  147.  2  e 
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fine  strings  or  films.  Eig.  1  conveys  a  very  fair  idea  of  the  general 
appearance  of  the  section  as  seen  by  ordinary  transmitted  light,  and 
magnified  55  diameters.    Between  crossed  Nicols  the  shreds  and 

Fig,  1. — Fissile  Schist  from  near  Pont-y-Gromlech. 
{Magnified  55  diam.) 

films  are  shown  to  be  crystalline  granular  aggregates,  which  are  in 
great  part  quartzose.  Under  a  power  giving  about  250  diameters, 
the  matter  lying  between  the  shreds  appears  to  consist  chiefly  of 
very  minute  doubly-refracting  granules ;  and  I  think  that  the  whole 
rock  simply  presents  different  textural  conditions  of  felstone,  im- 

pregnated with  some  mineral  of  a  chloritic  or  serpentinous  character, 
possibly  antigorite,  since  a  porphyritic  and  schistose  rock  occurring 
just  above  Llyn  Teyrn  contains  better-developed  films  of  a  similar 
character  which  closely  resemble  antigorite.  The  principal  point  of 
interest,  however,  is  the  meaning  of  the  confused  assemblage  of 
many-shaped  shreds  which  impart  a  distinctive  character  to  thin 
sections  of  this  rock.  I  think  that  a  microscopic  examination  of 

the  rhyolite  from  Gardiner's  River,  in  Montana,  U.  $.,  described  and 
figured  in  the  paper  on  the  rocks  of  that  country  which  has  already 
been  laid  before  the  Society,  will  suffice  to  show  that  it  is  approxi- 

mately the  same  as  the  rock  now  under  discussion. 
I  do  not  believe  that  the  structural  peculiarities  by  means  of 

which  the  osteologist  correlates  the  bones  of  one  animal  with  those 
of  another,  are  more  trustworthy  than  the  structural  peculiarity 
visible  in  these  two  rocks.  A  thin  section  of  a  deep-red  obsidian 
from  Tolcsva  in  Hungary,  given  me  by  Professor  Judd,  is  placed  on 

the  table  for  comparison  with  these  rocks."  "When  magnified  (fig.  2),  the 
pale  glass  which  constitutes  the  ground-mass  of  the  section  is  seen 
to  be  filled  with  minute  strings  of  a  reddish-brown  glass,  twisted  in 
the  most  irregular  manner.    It  will  also  be  seen  that  the  planes  of 
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section  cut  off  parts  of  these  convoluted  strings,  leaving  irregular- 
shaped  shreds  similar  to  those  in  the  rocks  from  Gardiner's  River 
and  Pont-y-Gromlech,  only  very  much  smaller.  The  shreds  in  the 
latter  rock  appear,  therefore,  to  be  parts  of  convoluted  strings  or 
bands. 

We  are  thus  comparing  the  Pont-y-Gromlech  rock  with  a  distinctly 
vitreous  rock  (obsidian  of  Tolcsva),  on  the  one  hand,  and  with  a  rock 

which  does  not  present  a  glassy  aspect  (rhyolite  of  Gardiner's  River), 
on  the  other.  A  question  of  great  interest  now  arises.  "Was  the 
rhyolite  of  Gardiner's  River  once  vitreous  like  the  obsidian  of  Tolcsva  ? 
If  so,  then  the  Pont-y-Gromlech  rock  may  be  a  devitrified  obsidian. 
On  the  other  hand  we  may  be  justified  in  assuming  that  the  micro- 

crystalline  condition  of  the  rhyolite  from  Gardiner's  River,  and,  in- 
deed, that  of  any  rhyolite,  may  be  an  immediate  result  of  cooling,  yet 

identical  with  the  condition  which  often  supervenes  when  solidified 
glassy  rocks  undergo  devitrification. 
We  may  therefore,  I  think,  be  allowed  to  consider  the  Pont-y- 

Gromlech  rock  either  a  rhyolite  or  a  devitrified  obsidian  ;  for,  in  the 
first  case,  it  may  be  regarded  as  an  obsidian  devitrified  at  its  birth  ; 
in  the  second,  as  an  obsidian  devitrified  in  its  old  age.  The  peculiar 
structure  of  this  rock  cannot,  however,  be  reconciled  with  any  pro- 

cess of  crystallization,  but  must  rather  be  regarded  as  the  result  of 
fluxion  in  what,  at  the  time,  must  have  been  a  nearly  or  quite 
amorphous  magma. 

These  considerations  lead  me  to  the  conclusion  that  it  is  unwise 
either  to  employ  too  many  names  for  rocks  of  the  same  character, 
or  to  give  distinctly  different  names  to  rocks  of  different  character 
which  may  once  have  been  identical.  Still  there  are  difficulties  in 
framing  a  new  nomenclature ;  for,  if  we  decline  to  speak  of  what 
we  believe  to  be  a  devitrified  obsidian  as  a  rhyolite  or  a  felstone,  we 

2e  2 
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commit  ourselves  to  opinions  concerning  former  lithological  condi- 
tions, of  which  we  sometimes  have  only  very  imperfect  evidence. 

Moreover,  if  we  decline  to  distinguish  a  rhyolite  from  an  obsidian, 
we  may  with  equal  justice  refuse  to  recognize  a  trachyte.  It  appears 
desirable  to  follow  the  classification  of  some  of  the  continental  peno- 

logists in  grouping  all  the  highly-silicated  vitreous  rocks  together 
under  the  term  "hyaline  rhyolite;"  and,  as  our  knowledge  of  this 
group  increases,  we  may  possibly  find  that  its  members  differ  more 
in  structure  than  in  any  other  respect,  and  that  even  many  of  the 
structures  are  common. 

I  have  already  stated  that  the  Pont-y-Gromleeh  rock  is  now,  to 

all  intents  and  purposes,  a  felsite-schist  *  or  felstone.  "Wherein  lies the  difference  between  a  felstone  and  a  rhyolite,  so  far  as  mineral 
constitution  is  concerned  ?  The  constituents  are  essentially  felspar 
and  quartz  (similar  to  that  in  plutonic  rocks),  the  felspar  in  felstones 
being  chiefly  orthoclase,  and  that  in  rhyolites  the  variety  sanidine, 
which  occurs  only  in  volcanic  rocks.  In  the  majority  of  cases  it  is 
difficult  to  ascertain  with  certainty  the  precise  nature  of  the  minute 
crystalline  granules  of  felspar  in  the  ground-mass  either  of  a  fel- 

stone or  of  a  rhyolite.  The  rhyolites  commonly  contain  more  or  less 
vitreous  matter ;  but  in  the  older  examples  this,  if  it  existed,  has 
since  undergone  devitrification  ;  and  the  product  is  a  microcrystalline 
aggregate  which  cannot  be  distinguished  from  the  rest  of  the  rock, 
except  perhaps  in  some  instances  by  difference  in  texture.  The 
difference  therefore  between  a  rhyolite  and  a  felstone  is  mineralogi- 
cally  a  very  small  one.  The  quartz-rhyolites  or  liparites  are  closely 
related  to  quartz-porphyry  ;  so  that  here,  again,  we  have  a  mineralo- 
gical  affinity  in  rocks  which  are,  on  the  one  hand,  volcanic,  and,  on 
the  other,  plutonic;  and  in  many  cases,  especially  among  the  older 
rocks,  it  is  by  structure  alone  that  they  can  be  distinguished.  The 
quartz-porphyries  may  be  regarded  as  spurs  or  dykes  emanating 
from  granitic  masses  ;  these  dykes,  like  the  margins  of  the  granitic 
masses,  are  commonly  poor  in  mica ;  or  that  mineral  may  be  totally 
absent.  The  dykes,  again,  like  the  margins  of  the  granitic  masses, 
3?re  usually  fine-grained.  We  have,  then,  a  tolerably  well-defined 
series,  consisting  of  : — 

Bhyolitic  series...  t^lf™  rhyoKteB  (obsidian  pitchstone,  perlite, J  [     &c),  quartz-rhyohte,  and  trachyte. 
Granitic  series  . . .    Quartz-porphyry,  and  granite. 

Trachyte  bears  much  the  same  structural  relation  to  quartz-rhyolite 
that  granite  does  to  quartz-porphyry.  Bathymetrical  conditions  pre- 

clude the  granitic  series  from  having  any  vitreous  representatives. 
That  there  is  a  passage  from  the  granitic  to  the  rhyolitic  series,  as 
suggested  by  many  petrologists,  seems  more  than  probable.    So  far 

*  It  is  here  worthy  of  remark  that  Daubree  has  succeeded  in  superinducing 
schistose  as  well  as  fibrous  and  spherulitic  structures  in  glass  tubing,  by  heat- 

ing it  in  presence  of  water  up  to  a  temperature  of  about  400°  C,  and  under  a 
pressure  which  he  estimates  at  more  than  1000  atmospheres  (Etudes  Synthe- 
tiaues  de  Geologie  Experimentale,  p.  156  et  seq.).  
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as  I  can  judge  from  microscopic  examination  of  the  eruptive  rocks 
of  the  Llanberis  Pass,  the  work  which  remains  to  be  done  is  to  fill 
in  in  detail,  on  a  larger  scale,  the  lines  now  laid  down  upon  the 
1-inch  map. 

I  have  already  laid  before  this  Society  a  description  of  a  perlitic 
rock  which  occurs  at  the  top  of  the  Glyder  Fawr ;  and  I  then  ex- 

pressed my  belief  that  many  more  devitrified  rocks  would  yet  be 
found  among  the  fe] stones  of  palaeozoic  age. 

The  present  paper  is  probably  a  very  small  contribution  to  this 
list ;  and  it  is  to  be  hoped  that,  as  the  list  increases,  we  shall  learn 
more  precisely  what  a  felstone  is,  and  realize  more  fully  what  many 
of  the  felstones  once  were.  The  vitreous  lavas  were  probably  closely 
allied  to  trachytes.  Other  eruptive  rocks,  also  occurring  in  the 
Snowdon  area,  such  as  those  of  Llyn-cwm-y-ffynon  and  Pont-y- 
Gromlech,  are  of  a  decidedly  basic  character.  Thus  we  see  that,  as 
it  is  now,  so  it  was  in  the  vastly  remote  period  which  we  call  Silu- 

rian. The  eruptive  rocks  of  that  age  were  both  basic  and  acid ;  and 
their  constituent  minerals  and  structural  features  were  similar  to, 
if  not  identical  with,  those  which  exist  in,  but  do  not  specially  cha- 

racterize the  rocks  erupted  at  the  present  day. 
In  view  of  these  facts  I  think  we  may  disclaim  any  power  to 

determine  the  age  of  a  rock  by  its  mineral  constitution  or  structure, 
and  may  protest,  as  Mr.  Allport  has  done  *,  against  the  employment 
of  different  names  for  similar  or  once  similar  rocks,  which  differ  only 
in  point  of  age. 

Appendix. 

On  the  Eruptive  Rocks  of  SJcomer  Island  f. 

Since  the  preceding  paper  was  written  I  have  examined  some 
specimens  from  Skomer  Island,  off  the  coast  of  Pembrokeshire.  Por 
many  years  they  have  remained  undescribed  in  the  collection  of 
rocks  in  the  Museum  of  Practical  Geology ;  and  my  suspicion  of  their 
true  nature  was  first  aroused  by  the  close  resemblance  which  one  or 
two  of  them  bore  to  other  devitrified  lavas  which  I  had  previously 
examined.  Microscopic  examination  of  these  specimens  shows  con- 

clusively that  they  are  lavas  of  a  once  vitreous  character.  The  sedi- 
mentary rocks  with  which  they  are  associated  are  regarded  as 

belonging  to  the  Llandeilo  or  to  the  Bala  series. 
Only  a  short  account  of  the  microscopic  characters  of  these  lavas 

is  here  given,  as  they  will  be  examined  and  described  in  greater 
detail  in  the  forthcoming  edition  of  the  official  catalogue  of  the  rock- 
collection  in  Jermyn  Street. 

The  specimens  about  to  be  described  consist  chiefly  of  banded  and 
spherulitic  rocks,  now  felstones,  but  once  obsidians,  the  change  being 

*  "  On  the  Microscopic  Structure  and  Composition  of  British  Carboniferous 
Dolerites,"  Quart.  Journ.  Geol.  Soc.  vol.  xxx.  p.  565. 

t  The  following  particulars  are  now  laid  before  tbe  Society  by  permission 
of  Prof.  Ranisay,  by  whom  also  the  specimens  were  collected. 
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due  to  the  usual  process  of  devitrification ;  while  in  some  instances 
it  is  probable  that  the  rocks  have  developed  a  spherulitic  structure 
throughout,  during  solidification,  in  which  cases  they  must  be  re- 

garded as  having  been  spherulite  rocks  from  the  first.  Although 
none  of  these  rocks  retain  a  vitreous  appearance,  the  minute  struc- 

tures which  are  developed  in  them  are  perfectly  preserved,  and  are 
as  clearly  demonstrable  as  they  would  be  in  the  most  recent 
lavas. 

The  close  resemblance  in  minute  structure  between  these  Skomer- 
Island  lavas  and  those  of  the  Yellowstone  district  in  the  United 
States  is  very  striking,  although  their  respective  periods  of  eruption 
are  so  far  removed  from  one  another,  namely — by  all  the  time  which 
elapsed  between  the  deposition  of  the  upper  beds  of  the  Lower  Silu- 

rian series  and  certainly  the  lowest,  if  not  the  highest,  beds  of  the 
Tertiary  epoch.  There  is  also  a  close  resemblance  between  the 
Skomer-Island  lavas  and  those  of  the  Snowdon  district.  The  period 
of  eruption  in  both  areas  is  nearly  the  same. 

In  vol.  i.  of  the  £  Memoirs  of  the  Geological  Survey  of  England 
and  Wales '  an  account  of  the  rocks  of  Marloes  Bay  and  Musclewick 
Bay  is  given  by  Sir  Henry  De  la  Beche ;  but,  although  Skomer  Island 
is  situated  close  by,  he  makes  no  mention  of  it.  At  Wooltack  Park, 
on  the  north  of  Marloes  Bay,  there  are  fossiliferous  shales  with  some 
sandstones,  beneath  which  it  is  stated  that  trap  occurs  resting  on 
conglomerate  and  associated  with  shales.  The  whole  of  the  igneous 
rocks  of  Skomer  Island  and  the  adjacent  promontory  have  been 
mapped  as  greenstone. 

It  is,  however,  evident  that  Sir  Henry  De  la  Beche  generalized  to 
some  extent  in  the  mapping  of  these  rocks,  as  the  following  extract 

from  the  '  Transactions  of  the  Geological  Society '  *  will  prove  : — 
"  All  the  north  of  Skomer  Island  consists  of  massive  trap,  having 

the  character  principally  of  fine-grained  compact  greenstone,  and 
sometimes  approaching  to  cornean.  The  small  peninsula,  however, 
to  the  east  of  the  landing-place  must  be  excepted,  where  some  strati- 

fied rocks  of  ambiguous  appearance  occur.  The  southern  part  of  the 

island  consists  of  stratified  greenstone  dipping  at  about  48°  to  the 
south-east.  Between  this  and  the  greenstone  belonging  to  the  north 
of  the  island  a  quartzose  cornean,  mostly  striped,  occurs.  In  some 
parts  of  the  island  hornblende  is  the  prevailing  ingredient  of  the 

rock.''" In  the  same  paper  (at  p.* 2)  Sir  Henry  states  that  he  considers 
these  traps  to  be  "  forcibly  intruded  amongst  the  other  rocks  at  a 
period  subsequent  to  their  consolidation ; "  and  he  adds  that,  in 
applying  the  term  "stratified"  to  trap,  he  only  means  to  imply 
"  that  there  is  a  parallelism  of  texture  in  the  trap,  which  it  has  in 
common  with  a  contiguous  rock  belonging  to  some  other  formation, 
and  that  this  texture  is  also  parallel  to  the  common  surface  of  sepa- 

ration between  the  trap  and  that  other  rock." 

*  Second  series,  vol.  ii.  p.  8. 
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Whether  the  banded  obsidians,  now  felstones,  are  the  "  stratified 
rocks  of  ambiguous  appearance  "  is  a  point  which  can  only  be  de- 

cided by  those  who  know  the  ground ;  or  perhaps  they  may  be  the 

f*  striped  quartzose  cornean "  alluded  to  .as  occurring  between  the 
northern  and  southern  masses  of  greenstone  which  constitute  the 

island.  At  all  events,  Sir  Henry's  description  clearly  shows  that 
lie  had  not  overlooked  these  rocks,  although  he  does  not  appear  to 
Jiave  regarded  them  as  lavas,  or  to  have  considered  them  of  sufficient 
importance  to  indicate  their  position  on  the  Survey  map. 

Rocks  from  SJcomer  Island. 

1.  Devitrified,  banded  obsidian. 
A  compact  greenish-grey  felstone,  petrosilex  or  hornstone. 
Under  the  microscope  the  banded  structure  is  very  clearly  shown ; 

and  a  minute  spherulitic  structure  also  occurs  in  places.  The  gene- 
ral condition  of  the  rock  is  microcrystalline.  A  greenish  substance 

is  present  in  it,  which  appears  to  be  chlorite.  This  rock  is  of  much 
the  same  character  as  the  devitrified  obsidian  or  rhyolite  from  Clo- 
gwyn  d'ur  Arddu  at  the  base  of  Snowdon. 

2.  Devitrified,  banded  and  spherulitic  obsidian. 
A  light  greenish-grey  to  dark  blackish-green  rock. 
The  specimen  shows  a  weathered  surface,  upon  which  numerous 

fine  bands  stand  out  in  relief.    The  bands  are  much  contorted. 

Under  the  microscope  the  banding  is  well  shown,  and  the  sphe- 
rules are  well  defined  and  very  numerous.  A  perlitic  structure  is 

also  clearly  seen  ;  and  greenish  matter  in  many  cases  pervades  certain 
portions  of  the  section.  This  green  matter  has  in  some  cases  a  finely 
granular  structure,  or  else  contains  fine  dust,  and  exercises  a  weak 
depolarization  when  rotated  between  crossed  Mcols.  Spherules  of 
much  larger  size  than  those  which  constitute  the  bands  are  likewise 
developed.  They  interrupt  and  appear  to  obliterate  the  fine  sphe- 

rulitic bands,  which  seem  abruptly  cut  off  by  them.  The  crystal- 
lization in  these  larger  spherules  is  much  more  confused  than  that  in 

their  smaller  representatives ;  and  consequently  they  show  no  dark 
cross  between  crossed  Nieols. 

The  structures  in  this  rock  are  as  perfect  as  any  to  be  met  with 
in  recent  lavas. 

3.  Basalt  or  andesite. 

An  iron-grey  rock  with  brown  stains,  compact  in  texture  and 
showing  some  minute  glistening  felspar-crystals. 

Under  the  microscope  the  rock  is  seen  to  be  a  finely  crystalline 
admixture  of  triclinic  felspar  prisms,  granules  of  augite,  and  crystals 
and  grains  of  magnetite.  Some  isotropic  matter  seems  also  to  occur 
in  the  matrix. 

4.  Quartz-oligoclase  trachyte  (?). 
A  greyish  rock,  with  small  white  porphyritic  crystals. 
Under  the  microscope  it  is  seen  to  consist  of  crystals  of  quartz 
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and  triclinic  felspars  (oligoclase)  and  orthoelastic  felspar,  with  some 
magnetite  in  a  fine  microcrystalline  matrix  *. 

The  rock  No.  4  is  possibly  the  crystalline  representative  of  the 
devitrified  obsidians.  The  basalt  (No.  3)  is  evidently  an  example  of 
the  greenstone  which  occurs  so  extensively  at  this  spot.  Some  of 
the  obsidians  contain  large  spherical  bodies  sometimes  an  inch  or 
more  in  diameter,  which  are  best  shown  upon  weathered  surfaces. 
As  these  spherules  are  traversed  by  the  fine  bands  which  pass 
through  the  rocks  in  which  they  occur,  it  seems  reasonable  to  assume 
that  they  have  been  developed  subsequently  to  the  solidification  of 
the  rock. 

DESCRIPTION  OF  PLATE  XXI. 

Fig.  1.  Devitrified  spherulitic  rock  from  Beddgelert,  showing  general  character 
of  spherules  and  matrix.     X 18. 

2.  Devitrified  obsidian  or  rhyolite  from  Clogwyn  d'ur  Arddu,  Snowdon, 
showing  banded  fluxion-structure.    X 18. 

3.  Devitrified  spherulitic  rock,  No.  1.  Beddgelert,  showing  spherules  and 
spherulitic  bands.     X  6. 

4.  Ditto,  showing  portion  of  a  perlitic  patch.  X25. 
5.  Ditto,  showing  parts  of  spherules  at  top  and  right  side  of  field,  and 

infiltered  shrinkage-cracks  in  matrix.    X 12. 

Discussion. 

The  Chairman  spoke  of  the  value  of  the  papers  and  the  interest 
of  the  agreement  between  rocks  separated  so  widely  in  time  or  space. 
Some  of  those  described  by  the  author  might  be  paralleled  by 
instances  from  Arran  and  from  the  Auvergne. 

Dr.  Sorby  said  the  most  interesting  part  of  the  paper  was  the 
close  relation  of  the  structures  described  on  the  one  hand  to  those  of 

granite,  and,  on  the  other,  to  those  of  slags.  The  relation  in  struc- 
ture between  slags  and  the  older  rocks  was  of  great  interest. 

Prof.  Bonnet  expressed  his  sense  of  the  value  of  the  paper.  In 
his  opinion  the  only  difference  that  could  be  maintained  between 
rhyolite  and  felsite  (he  thought  f els  tone  should  be  used  only  as  a 
group  term)  was  structure;  he  would  understand  by  rhyolite  a 
trachytic  rock  in  which  a  glassy  base  remained — by  felsite  those 
in  which  the  matrix  was  crypto-  or  microcrystalline.  He  knew 
some  of  the  rocks  described  by  the  author,  and  some  remarkable 
spherulitic  rocks,  one  showing  a  structure  just  like  that  of  Pont-y- 
Gromlech  on  the  east  side  of  the  Glyder. 

Rev.  J.  F.  Blake  asked  about  the  formation  of  the  crystals  with 
an  inward  growth,  and  whether  large  crystals  did  not  indicate  slow 
cooling. 

Mr.  Bauerman  considered  that  the  irregular  strains  in  the  obsi- 
dian fragment  described  by  the  author  might  be  due  to  contraction 

*  The  section  cut  from  this  specimen  was  hastily  examined  on  the  day  upon 
which  this  paper  was  read  ;  and  I  am  not  sure  than  it  is  not  a  clastic  rock. 
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consequent  on  the  passage  of  a  glassy  into  a  crystalline  substance  of 
sensibly  the  same  composition ;  and  instanced  the  inverse  case  of  the 
fusion  of  felspar,  where  the  increase  of  volume,  in  passing  to  a  glass, 
fissures  the  crystal,  in  the  direction  of  its  principal  cleavage,  into 
lanrinse,  which  are  kept  together  by  the  glassy  cement. 

The  Author  said  that  the  Arran  rocks,  so  far  as  he  knew,  were 
intrusive ;  he  quite  agreed  it  would  be  well  to  use  the  term  felstone 

in  a  wide  sense.  Mr.  Blake's  question  had  been  answered  by  Mr. 
Bauerman,  whose  remarks  on  the  fused  felspar  were  of  much  im- 
portance. 
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32.  Notes  on  the  Eish-remains  of  the  Bone-bed  at  Aust,  near 
Bristol  ;  with  the  Description  of  some  new  Genera  and 
Species.  By  James  W.  Davis,  Esq.,  F.G.S.  &c,  Hon.  Secretary 
of  the  Yorkshire  Geological  Society.    (Bead  May  11, 1881.) 

[Plate  XXII.] 

I  am  indebted  for  the  material  on  which  the  following  paper  is. 

based  to  Mr.  "W.  T.  Ord,  of  Bristol,  to  the  Council  of  the  Geolo- gical Society  at  London,  who  have  kindly  placed  their  collection  at 
my  disposal,  and  to  Mr.  Sollas,  Professor  of  Geology  at  the 
University  College,  Bristol. 

The  specimens  are  in  good  preservation,  the  smaller  ones,  con- 
sisting principally  of  teeth,  being  unbroken ;  the  larger  bones,  as 

for  example,  ribs  or  other  bones  of  Saurians,  the  larger  spines  of 
Eishes,  &c,  are  generally  found  in  a  more  or  less  fragmentary  and 
broken  condition. 

From  the  occurrence  of  the  teeth  which  are  characteristic  of  the 
older  Carboniferous  rocks,  such  as  Psammodus  joorosus,  Helodus, 
and  Psephodus  magnus  of  the  Mountain  Limestone,  and  Cteno- 
ptychius,  which  has  hitherto  been  found  in  the  Carboniferous 
series,  and  more  especially  in  the  Coal-measures,  it  appears  pro- 

bable that  some  of  the  fossil  remains  found  in  the  Rhastic  beds  at 
Aust  have  been  derived  from  the  disintegration  of  the  older  rocks. 
Either  this  must  have  been  the  case,  or  the  genera  of  fishes  named 
had  a  considerably  longer  period  of  existence  than  has  hitherto 
been  supposed.  It  may  be  objected  that  the  remains  are  in  a  very 
perfect  state  of  preservation  (as,  indeed,  they  are  in  most  cases)  and 
do  not  appear  to  have  been  exposed  to  much  attrition  by  being 
washed  on  the  shore  or  bed  of  the  sea  or  a  lake.  It  is  probable, 
however,  that  the  area  over  which  the  bone-bed  was  deposited  was 
composed,  in  the  neighbourhood  of  Aust  at  any  rate,  of  the  blue 
clays  which  at  present  underlie  it.  During  the  formation  of  the 
bone-bed  the  nodular  masses  of  blue-grey  stone  which  are  now 
found  composing  a  great  proportion  of  its  mass  were  pieces  of 
clay,  rolled  round  by  the  action  of  the  waves  or  tides,  so  soft  that 
they  received  easily  an  impression  of  the  bones  or  teeth  which  lay 
scattered  along  the  shore  with  them.  Erom  the  immense  number 
of  fossil  remains  of  Saurians  and  Eish  which  occur  in  the  bed,  it  will 
be  inferred  that  it  required  a  long  period  of  time  for  their  accumu- 

lation, and  that  throughout  all  that  time  there  was  a  peculiar  absence 
of  sedimentary  deposits,  the  nodular  masses  being  derived  from  the 
adjoining  Keuper  beds,  which  also  formed  the  floor  on  which  the 
bone-bed  was  deposited. 

In  a  paper  read  to  this  Society  in  1841  *  Mr.  Strickland  showed 
the  bone-bed  to  extend  over  a  surface  of  120  miles ;  and  since  that 

*  Proc.  Geol.  Soc.  vol.  iii.  part  ii.  p.  585. 
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time  Mr.  Charles  Moore,  in  an  elaborate  series  of  papers*,  has 
proved  with  extreme  minuteness  and  care  that  there  extended  over 
the  Somersetshire  and  South  Wales  Coal-fields,  and  over  the 
Mountain  Limestone,  beds  containing  Rhsetic  fossils,  the  crevices, 
veins,  and  pot-holes  in  the  Mountain  Limestone  being  filled  up  with 
orgauic  reliquiae  of  vertebrates  as  well  as  invertebrates  of  Rhsetic  age. 
These,  according  to  Mr.  Moore,  have  been  washed  in  during  the  Ehselic 
and  subsequent  Liassic  periods.  Such  being  the  case,  the  circumstances 
attending  their  deposition  warrant  the  supposition  that  some  of  the 
fossils  included  in  the  Rhaetic  deposits  were  derived  from  the 
disintegration  of  the  rocks  on  which  they  now  rest.  The  bone-bed  is 
variable  in  thickness,  but  rarely  exceeds  a  few  inches  ;  at  Aust  it  is 
from  3  in.  or  4  in.  to  9  in.  thick  ;  in  many  other  places  it  is  less, 
ranging  over  considerable  areas  with  a  thickness  not  exceeding  one 
inch.  There  is  also  much  diversity  in  the  prevalence  of  organic 
remains.  In  a  few  localities  the  fish-remains  occur  in  abundance, 
as  at  Aust,  Axmouth,  Coomb  Hill,  &c,  whilst  in  other  places  they 
are  entirely  absent  or  are  found  very  sparingly. 

The  fishes  found  in  the  bone-bed  are  comprised  in  the  orders 
Plagiostomi  and  Ganoidei,  the  latter  including,  according  to 
Prof.  Miall  f,  the  Ceratodus-rem&ms.  Besides  Ceratodus,  the  Ganoids 
include  the  genera  JSaurichthys,  Gyrolepis,  Lepidotus,  and  Ambly- 
pterus. 

Amongst  the  Plagiostomous  genera  may  be  enumerated  Hybodus, 
Acrodus,  Sargodon  (?),  Nemacanthus,  SpJienonchus,  Lophodus,  Sqiialo- raia. 

There  are  also  large  numbers  of  bones,  teeth,  and  other  remains 
of  Saurians,  including  Ichthyosaurus,  Nothosaurus,  Scelidosaurus, 
and  others  found  and  identified  by  Mr.  Moore  J. 

A  consideration  of  the  characteristics  of  this  mixed  group  of 
organic  remains  may  afford  some  reasonable  basis  for  deductions  as 
to  the  circumstances  under  which  they  were  accumulated.  The 
Saurians  would  undoubtedly  exist  near  and  partly  on  land.  The 
Ceratodonts,  judging  from  a  comparison  of  the  forms  of  their  teeth 
with  the  still  existing  Ceratodus  of  Australia,  were  vegetable 
feeders,  and  would  require  a  shallow-water  area  from  which  to 
obtain  their  food.  With  respect  to  the  remaining  Ganoids,  it  is 
probable  that  they  could  freely  exist  in  deeper  water,  and,  from 
the  character  of  their  teeth,  were  probably  predaceous  in  their 
habits.  The  Plagiostomous  Sharks,  with  their  sharp  teeth  and 
strong  fin-spines,  often  attaining  a  large  size,  as  evidenced 
by  the  great  length  of  the  latter,  would  be  equally  adapted 
for  either  deep  or  shallow  waters.  Taking  all  the  items 
together,  it  would  appear  that  the  Phsetic  beds  were  deposited  in 
a  shallow  sea  not  far  from  the  coast ;  that  the  Saurians  passed  a 
large  proportion  of  their  existence  in  the  water,  the  remainder  on 

*  Quart.  Journ.  Geol.  Soc.  vol.  xvi.  p.  483  (1860),  vol.  xxiii.  p.  449  (1867), 
vol.  xxxvii.  p.  67  (1881). 

t  Palaeontographical  Soc,  vol.  xxxii.  (1878). 
\  Loco.  citt. 
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the  land ;  of  the  fishes,  the  Sharks  and  some  of  the  Ganoids 
frequented  the  shallow  waters,  probably  in  search  of  food.  That 
they  did  so  in  large  numbers,  and  spent  considerable  time  there,  is 
amply  proved  by  the  large  number  of  coprolites. 

Microscopical  sections  of  the  coprolites  exhibit  abundant  evidence 
that  the  food  of  the  Fishes  or  Saurians  to  which  they  owe  their 
origin  consisted  of  smaller  fishes — fragments  of  bone,  teeth,  and 
other  similar  objects  belonging  to  smaller  or  more  slightly  armed 
species  of  fish  being  found  in  larger  proportions  than  any  thing  else 
with  structure. 

Hybodus  austiensis,  Davis.    (Plate  XXII.  fig.  1.) 

In  the  third  volume  of  the  '  Poissons  Fossiles '  M.  Agassiz  described 
a  spine  of  Hybodus,  of  which  there  were  several  specimens  in  the 
cabinets  of  Lord  Enniskillen  and  Sir  P.  Egerton,  and  in  the  museums 
at  Oxford  andBristol ;  and  an  example  is  figured  from  the  latter,  which 
is  about  6  inches  in  length.  The  spine  is  described  as  being  round 
(that  is,  the  sides  are  not  so  much  compressed) ;  and  the  ribs  are 
more  prominent,  with  deeper  grooves  between  than  in  any  other 
species  described.  The  ribs  do  not  anastomose,  but  run  parallel  to 
the  anterior  portion  of  the  spine,  and  disappear  along  the  posterior 
margin.  There  is  a  large  cavity  along  the  posterior  surface  ;  and  the 
base  of  the  spine  is  large  proportionally  to  the  remainder.  The 
examples  seen  by  M.  Agassiz  did  not  exhibit  any  traces  of  den- 

ticles sufficiently  well  preserved  to  enable  him  to  describe  them. 
Dr.  Buckland  and  Sir  Henry  de  la  Beche  knew  the  spine,  and  had 
previously  considered  it  a  variety  of  their  Ichthyodorulites  dorsetiensis 
{  —  Hybodus  reticulatus,  Agassiz)  found  at  Lyme  Regis.  M.  Agassiz 
further  remarks  that  H.  minor  is  not  a  small  spine  when  compared 
with  others  he  had  described ;  but,  at  the  same  time,  the  spines 
found  at  Aust  Cliff  are  not  of  large  size,  and  are  very  different  from 
the  great  spines  found  in  the  Lias  at  Lyme  Regis.  The  teeth 
accompanying  the  spines  are  also  different  from  those  found  at  Lyme 
Regis  ;  and  altogether  the  differences  are  so  great  as  to  necessitate 
the  institution  of  a  new  genus. 

Since  M.  Agassiz  wrote  his  great  work,  many  fossil  spines  of 
Hybodus  have  been  found  in  the  Rhsetic  beds  of  Aust ;  and  the 
collection  at  the  Bristol  Museum  contains  specimens  which  very 
nearly  approach  the  sizes  attained  by  the  fine  examples  of  Hybodus 
reticulatus  and  formosus  of  the  Lias  of  Dorset.  One  of  the  largest 
examples  would  measure,  when  perfect,  13  inches  in  length,  and 
fully  an  inch  and  a  quarter  in  greatest  diameter.  The  base  pre- 

sents the  usual  fibrous  structure ;  it  has  been  deeply  and  strongly 
implanted  in  the  flesh.  There  is  a  large  orifice  or  groove  opening  to 
the  back  of  the  spine  at  its  base,  and  afterwards  continued  as  an 
internal  cavity  towards  the  apex.  The  width  of  this  orifice,  from 
back  to  front,  is  about  double  that  between  the  sides  of  the  spine. 
The  line  dividing  the  base  from  the  exposed  portion  extends  with 
a  convex  curve  from  the  anterior  to  the  posterior  portion  of  the 
spine,  the  convexity  being  towards  the  base.    The  anterior  and 
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lateral  surfaces  are  ornamented  with  strongly  marked  ridges  of 
enamel,  which  anastomose  frequently,  and  present  a  somewhat 
wavy  outline  on  account  of  the  enamel  forming  the  ridges  not 
being  of  uniform  thickness,  in  some  places  presenting  a  beaded 
appearance.  The  ribs  lie  roughly  parallel  with  the  anterior  surface 
of  the  spine,  and  run  out  along  the  posterior  edge,  but  not  in  a 
very  well  defined  manner.  The  junction  of  the  ribs  with  the  basal 
portion  is  not  so  well  denned  as  in  H.  reticulatus :  in  the  latter 
the  ends  of  the  ribs  rise  above  the  surface  of  the  base  •  whilst  in 
the  Aust  specimen  the  ridges  blend  with  the  fibrous  structure  of 
the  base,  and  the  hollows  between  the  ridges  are  below  the  level 
of  the  basal  surface.  The  anterior  and  lateral  portions  of  the  spine 
have  a  circular  or,  rather,  dome-shaped  form  in  section.  The 
posterior  forms  a  wide  base,  not  flat,  but  a  little  produced  outwards 
towards  the  centre.  The  whole  of  the  posterior  portion  higher 
than  the  open  part  of  the  cavity  retains  the  fibrous  structure  of 
the  base ;  and  along  each  side  of  the  median  portion  extends  a  row 
of  blunt,  laterally  compressed,  enamelled  denticles ;  they  are  about 
•2  inch  across  the  base,  and  rise  "1  inch  from  the  surface  of  the 
spine.  Each  denticle  is  separated  from  the  next  by  a  distance  a 
little  greater  than  its  own  diameter. 

These  spines  differ  from  those  of  H.  reticulatus  in  several  particu- 
lars :  their  form  is  stronger  and  more  robust ;  the  lateral  surfaces  are 

rounder,  and  the  base  and  cavity  wider.  In  comparison  with  its 
width,  the  spine  is  shorter,  not  so  gradually  pointed,  and  less  curved. 
The  posterior  denticles  are  not  pointed  and  recurved  towards  the  base, 
as  they  are  in  H.  reticulatus;  nor  do  its  characters  agree  with 
those  ascribed  by  M.  Agassiz  to  H.  minor,  as  already  stated  ;  and  it 
appears  necessary  that  a  specific  name  to  indicate  this  spine  should 
be  instituted  :  I  suggest  that  it  be  Hybodus  austiensis. 

Htbobtjs  ptjnctattts,  Davis.    (Plate  XXII.  fig.  2.) 

An  imperfect  spine  from  the  bone-bed  possesses  characters  which 
remove  it  from  any  other  species  hitherto  described.  It  consists 
of  the  upper  portion  of  a  small  spine  1  inch  in  length ;  the 
antero-posterior  diameter  is  *2  of  an  inch  at  its  broadest  part ; 
the  transverse  diameter  is  a  little  less ;  the  spine  is  slightly 
curved,  more  so  on  the  anterior  than  the  posterior  surface,  and 
tapers  gradually  to  a  point.  The  lateral  surfaces  are  covered  with 
longitudinal  ridges,  separated  by  grooves  of  about  equal  diameter, 
numbering  five  on  each  side.  Along  the  bottom  of  each  groove 
there  are  a  number  of  minute  pittings  extending  in  a  line 
parallel  with  the  groove.  Towards  the  points  the  ridges  become 
less  prominent  and  gradually  disappear,  the  apex  being  quite 
smooth  and  without  striae.  There  is  a  row  of  denticles  along 
each  latero-posterior  surface  ;  they  are  prominent,  obtusely  pointed, 
laterally  compressed.  The  internal  prolongation  of  the  pulp-cavity 
is  comparatively  small  (less  than  one  third  the  diameter  of  the 
spine),  situated  nearer  the  posterior  than  the  anterior  surface,  and 
conforming  in  outline  with  the  oval  form  of  the  spine. 
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Besides  Hybodus  minor,  the  only  spine  of  this  genus  described 
by  Prof.  Agassiz  from  the  Aust  bed  was  H.  Iceviusculus*.  The 
original  which  served  for  the  description  of  the  latter  was  a  small 
fragment  about  half  an  inch  in  length,  in  the  museum  at  Bristol. 
It  is  described  as  having  smooth  sides,  slightly  compressed,  with  an 
internal  cavity  rounder  than  the  external  form  of  the  spine.  There 
are  denticles  along  the  posterior  border ;  and  these  are  long,  pointed, 
and  recurved  towards  the  base. 

The  spine  I  have  from  Aust,  the  only  other  small  form  of 
Hybodus  which  I  have  seen,  differs  in  every  respect,  except  size, 
from  H.  Iceviuseulus  of  Agassiz.  Its  sides  are  deeply  furrowed  ;  the 
posterior  denticles  are  short  and  blunt ;  and  the  internal  cavity  is 
much  longer  than  broad  in  section. 

The  number  of  well-defined  species  of  teeth  of  Hybodus  found  in 
the  Rhaetic  beds  of  Aust  would  lead  to  the  inference  that  there 
should  be  a  similar  variety  in  the  fin-defences  of  the  fishes.  Under  the 
most  favourable  circumstances  it  is  an  extremely  difficult  matter  to 
correlate  the  dermal  defences,  either  spines  or  scutes,  of  the  Sela- 

chians with  the  teeth  of  the  same  genus  ;  but  in  this  instance  the 
difficulties  are  greatly  increased  by  the  roiled  and  mixed  state  in 
which  the  specimens  are  found ;  and  it  appears  improbable  that 
remains  will  be  discovered  whose  relationship  will  be  rendered 
certain  by  the  position  or  circumstances  under  which  they  are  dis- 

covered. The  pittings  along  the  grooves  suggest  the  name  punctatus 
as  appropriately  designating  this  spine. 

Remarks  on  the  Genus  Nemacanthus,  Ag. 

This  genus  was  formed  to  embrace  two  species  of  fossil  spines  of 
Selachians  found  in  the  bone-bed  at  Aust.  The  spines  are  about  5 
or  6  inches  in  length  and  '7  inch  in  breadth  in  the  larger  species,  viz. 
JV.  monilifer,  and  little  more  than  half  that  size  in  the  second  one, 
N.  filifer.  The  genus  is  characterized  by  the  spine  having  its  sides 
much  compressed,  and  finely  striated,  with  a  small  posterior  cavity 
reaching  half  the  length  of  the  spine  ;  where  the  cavity  terminates  on 
the  posterior  surface  there  commences  on  the  sides  a  number  of 
rounded  tubercles  :  they  originate  near  the  anterior  surface,  extend 
obliquely  across  the  spine,  and  run  in  parallel  lines  thence  to  its 
apex,  a  row  extending  along  the  junction  of  the  lateral  with  the 
posterior  face  having  some  resemblance  to  a  row  of  small  blunt 
tubercles  along  each  side.  Along  the  anterior  portion  of  the  spine 
there  extends  a  round  keel,  which  is  marked  off  from  the  body  of 
the  spine  by  a  lateral  canal  along  each  side.  In  the  larger  species 
the  lateral  keel  is  of  about  the  same  diameter  as  the  tubercles  arranged 
along  the  sides.  The  smaller  species,  N.  filifer,  differs  from  the 
larger,  N.  monilifer,  in  the  tenuity  of  its  anterior  keel,  the  smallness 
of  the  tubercles  on  its  sides,  and  also  of  those  extending  along  the 
posterior  edges. 

*  Poissons  Fossiles,  tome  iii.  p.  46,  tab.  10.  figs.  24,  25,  26. 
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In  the  species  described  by  M.  Agassiz  the  spines  are  as  nearly  as 
possible  twice  as  much  in  their  antero-posterior  as  in  in  their  trans- 

verse diameter.  In  a  specimen  from  the  Bristol  Museum  (Plate 
XXII.  fig.  3)  the  spine  from  back  to  front  has  a  diameter  of  '35  inch  ; 
and  its  width  across  the  posterior  surface  is  -3  inch,  or  very 
nearly  equal  to  the  antero-posterior  diameter;  the  external  pos- 

terior groove  is  shallow  ;  and  no  denticles  or  tubercles  are  present. 
There  is  a  very  large  median  keel  along  the  front  of  the  spine.  It 
is  almost  round,  but  rather  wider  than  deep.  It  is  composed  of 
shining  black  enamel,  and  constitutes  one  fourth  of  the  entire  dia- 

meter of  the  spine.  The  spine  is  imperfect,  the  apical  portion 
missing ;  so  that  it  is  impossible  to  say  whether  the  sides  were  tuber- 
culated.  It  appears  to  have  been  less  curved  than  the  common 
forms,  the  portion  preserved  being  straight. 

A  second  specimen,  more  closely  resembling  N.JiUfer,  is  a  flat-sided 
spine  of  the  ordinary  kind  (Plate  XXII.  fig.  4),  finely  striated  along 
each  lateral  face.  The  anterior  keel  is  small  and  threadlike  ;  along 
the  posterior  surface  are  blunt,  widely  separated  denticles.  This 
spine  is  '25  inch  in  diameter,  and,  when  perfect,  would  probably  be 
about  2  inches  long.  The  sides  of  the  spine  are  covered  with 
longitudinal  strise  as  in  the  type  specimens. 

Both  the  varieties  noticed  above  are  from  the  collection  of  Mr.Ord, 
of  Bristol,  and  were  collected  from  the  bone-bed  at  Aust  Cliff. 

Nem  acanthus  minor,  Davis.    (Plate  XXII.  fig.  5.) 

Spine  imperfect.  Length  1-1  inch,  diameter  -1  inch,  when 
perfect  probably  nearly  or  about  2  inches  in  length.  In  section 
it  is  circular.  A  canal  or  internal  cavity  of  similar  form  ascends 
the  centre  of  the  spine  towards  the  point  (the  latter  broken  off  in 
this  specimen).  There  is  no  evidence  that  the  cavity  was  open 
along  the  posterior  surface ;  but  it  appears  to  have  been  terminal. 
The  spine  is  ■  slightly  curved  in  form.  Its  surface  is  slightly  and 
irregularly  grooved,  and  is  further  ornamented  by  a  number  of  mi- 

nute papillse.  In  the  latter  respect  the  spine  resembles  the  genus 
Nemacanthus  :  but  it  differs  in  other  essential  respects  from  either  of 
the  two  species  described  by  Prof.  Agassiz*.  It  does  not  exhibit 
any  trace  of  having  a  ridge  of  any  kind  along  the  anterior 
surface  ;  instead  of  that,  it  is  round  and  indiscriminately  spotted 
with  papillae  or  tubercles.  The  section  of  the  spine  is  round,  and  not, 
as  in  the  species  of  Agassiz,  oval  or  triangular.  It  appears  proba- 

ble that  the  spine  may  belong  to  the  genus  Nemacanthus;  but  it  is 
quite  separated  specifically.  I  propose  the  name  N.  minor  in  allusion 
to  its  small  size  compared  with  those  previously  described. 

The  specimen  figured  is  in  the  museum  of  the  Geological  Society 
and  is  labelled  "  from  the  Eucoid  bed,  Wainlode  Cliff,"  and  was 
presented  to  the  Society  by  H.  E.  Strickland,  Esq. 

*  Poissons  Fossiles,  vol.  iii.  p.  26,  tab.  7.  figs.  9  &  10-15. 
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Pal^osatjrits  ?  Stricklandi,  Davis.    (Plate  XXII.  fig.  6.) 
In  the  museum  of  the  Geological  Society,  London,  there  is  a  tooth 

which  I  "believe  to  be  unique.  It  is  from  the  Rhsetic  bone-bed  of 
Combe-Hill,  near  Cheltenham,  and  was  presented  to  the  Society 
many  years  ago  by  Mr.  H.  E.  Strickland. 

The  base  of  the  tooth  is  wanting ;  the  portion  remaining  is  slightly 
more  than  -6  of  an  inch  in  length.  In  section  (fig.  6  b)  the 
front  portion  is  seen  to  be  more  compressed  than  the  back.  The 
lateral  extremities  of  the  tooth  are  slightly  produced,  and  end  in  a 
serrated  margin  ascending  to  the  crown  or  apex  of  the  tooth,  which 
is  smooth.  The  width  nearest  the  part  of  the  base  preserved  is  '35 
inch.  The  surface  of  the  tooth,  except  along  the  lateral  margin,  is 
covered  with  fine  longitudinal  striations,  which  finally  disappear 
before  reaching  the  point. 

This  tooth  has  the  appearance  of  having  been  washed  and  water- 
worn.  The  broken  portion  is  smooth  and  polished;  and  it  is  probable 
that  it  may  have  been  derived  from  an  older  rock,  and  redeposited 
amongst  the  remains  of  the  Fishes  and  Saurians  of  the  RhEetic  age. 

At  a  meeting  of  this  Society  held  December  15th,  1841*,  a  paper 
was  read  by  Mr.  H.  E.  Strickland  on  the  Bristol  bone-bed,  in  which, 
along  with  other  fossil  remains,  he  mentions  a  "portion  of  a  tooth 
with  two  finely  serrated  edges,  and  considered  as  probably  belonging 
to  a  Saurian  allied  to  the  genus  Palceosaurus there  can  be  little 
doubt  this  is  the  same  specimen.  I  have  taken  the  liberty  of  asso- 

ciating the  tooth  with  his  name. 

Spheistonchus  (Hybodus)  obtustjs,  Davis.    (Plate  XXII.  fig.  7.) 

The  genus  Sphenonchus  was  originated  by  M.  Agassiz  for  the  de- 
signation of  certain  objects  which  are  regarded  as  teeth.  It  appears 

probable,  as  I  shall  attempt  to  show,  that  these  oojects  were  not 
teeth,  but  dermal  defences.  The  specimen  I  am  about  to  describe  is 

•45  inch  in  length  and  '35  broad  at  the  base:  it  is  perfect,  with 
the  exception  of  a  small  fragment  which  is  broken  from  the  right 
portion  of  the  base.  The  object,  which  appears  homogeneous  in 
structure,  contracts  rapidly  from  the  base  for  a  distance  of  about  half 
its  length.  At  this  point  its  diameter  is  little  more  than  a  third 
that  of  the  basal  portion  ;  and  it  remains  the  same  to  within  a  little 
of  the  point,  which  is  slightly  wider  and  thinner  than  the  stem. 
The  general  form  is  that  characteristic  of  the  genus.  It  is  arched 
forward,  and  does  not  possess  any  secondary  denticles.  The  upper 
portion  is  nearly  cylindrical,  with  the  point  flattened  out  like  a 
chisel ;  near  the  base  the  form  is  three-sided ;  right  and  left  it  is 
produced  so  as  to  form  wing-like  processes ;  whilst  down  the  centre 
of  the  anterior  curved  portion  a  third  process  is  developed,  which  is 
continued  and  increases  in  size  to  the  lowest  portion  of  the  base. 
The  posterior  surface,  in  its  basal  portion,  is  slightly  hollowed  in- 

wards (fig.  7  h),  compensating  a  little  for  the  ridge  in  front.  The 
whole  of  the  surface  is  smooth  and  covered  with  shining  enamel. 

*  Proc.  Geol.  Soc.  vol.  iii.  pt.  ii.  p.  585. 
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Agassiz,  in  the  third  volume  of  the  'Poissons  Fossiles,'  describes 
three  species  of  this  genus : — S.  hamatus,  from  the  Lias  of  Lyme 
Eegis,  in  the  collection  of  the  Earl  of  Enniskillen ;  S.  elongatus, 
found  by  Dr.  Mantell  in  Tilgate  Forest ;  and  S.  Martini,  Rob.,  from 
the  Portland  Oolites  of  Linksfield.  These  species  vary  greatly  in  form 
and  general  appearance ;  but  in  each  the  generic  characters  are  well 
developed.  The  cylindrical  cone  forming  the  upper  tooth-like 
portion  is  bent  over  anteriorly,  the  basal  portion  spread  out  in 
aliform  processes ;  and  a  third  median  ridge  or  process  is  developed 
from  the  anterior  surface  of  the  base.  The  specimen  I  have  de- 

scribed from  Aust  shares  these  peculiarities ;  but  in  detail  it  appears 
sufficiently  distinct  to  form  a  new  species.  It  is  also  from  a  ho- 

rizon earlier  and  lower  than  any  of  those  mentioned  above ;  and 
though  it  may  probably  be  found  necessary  to  modify  the  specific 
relationship  of  these  objects  when  more  is  known  of  them,  at 
present  evidence  is  wanting  to  indicate  that  they  are  not  distinct 
species. 

Sphenonchus  liamatus,  Agass.,  is  remarkable  for  its  extremely 
arched  form  and  the  pointed  termination  of  the  tooth-like  part :  it  is 
an  inch  in  length;  and  its  base  is  widely  expanded.  S.  Martini,  Rob., 
is  somewhat  similar  to  JS.  hamatus,  but  is  shorter  and  less  curved. 
The  third  species,  S.  elongatus,  is  much  larger  than  either  of  the 
others ;  the  cylindrical  portion  is  expanded  at  first,  contracting  nearer 
the  extremity,  and  ending  in  a  second  expansion,  "  en  sorte  que  sa 
forme  ressemble  un  peu  a  celle  d'une  bouteille  qu'on  aurait  recour- 
bee."  SpTienonchus  obtusus  differs  from  S.  hamatus  in  its  smaller  size, 
less  expanded  base,  and  in  its  curvature  being  at  a  considerably 
smaller  angle :  its  apical  termination,  wide,  flattened  and  obtusely 
rounded,  is  in  marked  contrast  to  the  finely  pointed  end  of  8.  hama- 

tus. 8.  obtusus  has  altogether  a  finer  and  less  stumpy  form  than 
that  of  S.  Martini,  whilst  from  S.  elongatus  it  is  easily  distinguished 
by  its  smaller  size  and  the  nearly  uniform  diameter  of  the  upper 
portion. 

I  suggest  the  specific  name  obtusus  to  designate  this  species,  in 
reference  to  its  wide  and  expanded  apex.  The  specimens  are  from 
the  cabinet  of  Mr.  Ord. 

Prof.  Agassiz  described  the  genus  Sphenonchus  as  a  member  of  the 
family  of  Hybodontes,  associated  with  Hybodus,  Cladodus,  andDiplodus. 
Since  the  classical  work  of  Agassiz  was  completed,  Diplodus  has  been 
proved  to  be  the  tooth  of  Pleuracanthus,  and  must  consequently  be 
removed  from  the  family  of  Hybodontes,  and  considered  in  con- 

nexion with  the  spine  as  nearly  associated  with  the  recent  Rays, 
according  to  Agassiz ;  or,  as  I  have  attempted  to  show  in  a  former 
communication,  it  may  have  some  affinities  with  the  group  of  the 
Siluroids.  Sphenonchus  and  Diplodus  are  referred  to  in  the  '  Pois- 
sons  Fossiles'  as  offering  considerable  difference  in  microscopical 
structure  from  Hybodus  and  Cladodus,  especially  the  former,  which, 
whilst  having  a  dense  coating  of  dentine,  has  a  large  internal  pulp- 
cavity,  which  is  very  different  from  the  tooth-structure  of  either 

Q.J.G-.S.  jSTo.  147.  2f 
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of  the  others.  In  the  Magazine  of  Natural  History*  Mr.  Charles- 
worth  has  described  the  fossil  remains  of  a  species  of  Hybodus,  col- 

lected by  Miss  Anning  at  Lyme  Regis.  In  connexion  with  the 
spine  and  teeth  there  is  a  bone  which  is  undoubtedly  an  example  of 
SpJienonchus,  and  is  regarded  by  Prof.  Agassiz  in  that  light ;  in  the 
same  volume  (p.  605)  there  is  a  letter  from  Miss  Anning,  saying 
that  the  hooked  tooth  (Sphenonchus)  is  by  no  means  new,  but  that  it 
has  been  frequently  found  at  Lyme  Regis  in  connexion  with  the 
teeth  and  spines  of  Hybodus  or  the  teeth  of  Acrodus. 

Mr.  Charlesworth  suggested  that  the  hooked  tooth  is  a  dermal 
appendage  or  defence,  probably  situated  immediately  behind  the 
head.  Specimens  since  discovered  prove  that  this  suggestion  was 
correct,  and  that  two  or  three  of  these  bodies  were  located  on 
the  occipital  region  of  the  head  of  Hybodns.  The  microscopical 
structure  of  the  teeth  and  dermal  defences  of  the  Elasmobranch 
fishes  is  very  similar,  one  of  the  principal  differences  being  the 
large  size  of  the  pulp-cavity  of  the  dermal  processes  as  compared 
with  that  of  the  teeth  ;  and  in  this  respect  Prof.  Agassiz  has  shown 
that  there  is  a  great  difference  between  the  teeth  of  Hybodus  or 
Cladodus  and  JSphenonchus.  The  base  of  Sphenonchus  is  excessively 
expanded,  especially  in  8.  hamatus  from  the  Lias  ;  and  its  fibrous 
structure  without  enamel  indicates  that  it  was  imbedded  in  the 
flesh ;  it  appears  in  this  respect  to  resemble  the  dermal  defences  of 
JRaia  clavata  from  the  Tertiary  deposits. 

In  addition  to  the  specimens  already  named,  there  are  a  number 
of  the  bones  of  the  head,  including  jaws  with  teeth,  oiSauriclithys  ?; 
these  I  have  handed  to  Mr.  Sollas,  who  has  already  in  preparation  a 
paper  on  the  same  genus,  derived  from  the  examination  of  similar 
specimens  in  his  possession. 

Large  numbers  of  fragmentary  bones  and  small  teeth  are  found 
scattered  throughout  the  mass  of  the  bed,  but  without  sufficiently 
well  established  characters  to  enable  an  account  to  be  given  of  them. 
A  large  operculum,  nearly  2J  inches  in  diameter,  probably  belong- 

ing to  Ceratodus,  and  several  bones  with  articular  extremities, 
which  may  belong  to  the  same  genus,  are  included  in  the  collection 
of  Mr.  Ord. 

Besides  the  palatal  teeth  of  Psavnmodus  and  Cochliodus,  in  all 
probability  derived  from  the  Mountain  Limestone  which  underlies 
the  Rhastic  beds  in  some  parts  of  the  area,  the  following  species  of 
Ctenoptycliius  have  probably  been  derived  from  the  Coal-measures, 
and  the  Petcdodus  from  within  the  Coal-measures  or  the  Limestone. 
Specimens  of  Helodus  have  also  been  met  with ;  they  appear  to  be- 

long or  are  very  nearly  related  to  H.  simplex. 

Ctenoptychius  Ordii,  Davis.    (Plate  XXII.  fig.  8.) 

Tooth.  Length  -55  inch.  Depth  -3  inch.  A  portion  of  the  base 
is  wanting. 

The  superior  surface  is  folded  so  as  to  form  a  pectinated  edge 

*  Vol.  hi.  p.  242,  1839. 
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extending  along  the  crown,  which  occupies  the  greatest  diameter  of 
the  tooth.  It  is  slightly  circular  towards  each  end,  the  central 
part  being  almost  straight.  It  is  very  thin,  and  appears  to  have 
constituted  a  sharp  cutting-edge.  The  foldings  are  produced  at  their 
extremities  into  small  and  separated  denticles,  about  24  in  number, 
whose  diameter  is  greater  from  back  to  front  than  laterally.  Some 
of  these  are  broken  at  the  tips  ;  and  the  section  thus  exposed,  when 
magnified,  shows  that  a  hollow  tube  ascended  in  the  centre  of  each. 
The  sulci  descending  to  the  body  of  the  tooth  from  the  denticula- 
tions  are  much  more  marked  towards  the  lateral  extremities  than  in 
the  median  region.  Towards  the  base  the  tooth  becomes  gradually 
thicker ;  at  the  same  time  it  also  converges  laterally  to  two  thirds  the 
diameter  of  the  crown  ;  from  this  part  the  tooth  is  broken  off ;  but, 
from  the  impression  on  the  matrix,  it  appears  to  have  terminated  in 
a  broadly  expanded  rounded  base.  The  tooth  is  attached  to  the 
matrix ;  and  consequently  the  posterior  surface  is  not  exposed.  The 
whole  of  the  upper  part  of  the  anterior  surface,  above  the  root  or 
base,  is  covered  with  a  smooth  polished  surface  of  ganoine.  From  the 
base  of  the  plications  or  foldings  forming  the  crown  of  the  tooth  the 
surface  extends  towards  the  base  in  the  form  of  a  semicircular 
hollow. 

This  genus  of  Selachians  was  instituted  by  Agassiz  (Poiss.  Foss. 
torn.  iii.  p.  99)  for  the  accommodation  of  teeth  obtained  from  the 
Coal-measures  of  Staffordshire  and  Lancashire.  Since  that  time 
specimens  have  been  found  in  the  Limestone  of  Armagh,  and  also 
in  the  Coal-measures  and  Limestones  of  Virginia,  Illinois,  and  other 
localities  in  America.  Hitherto  specimens  of  the  genus  have  been 
restricted  to  the  Carboniferous  group  of  rocks. 

The  specimen  now  described  may  either  have  been  derived  from 
the  disintegration  of  coal-measure  strata,  and  washed  into  the 
Rhaetic  beds  during  their  deposition ;  or  it  may  have  belonged  to 
a  fish  which  lived  during  the  period  when  those  deposits  were 
accumulating.  It  is  probable  that  the  former  is  the  correct  sup- 
position. 

The  species  from  Aust  differs  materially  from  the  type  species  of 
Agassiz,  0.  apicalis.  The  latter  is  possessed  of  only  seven  or  eight 
protuberances  from  the  crown  of  the  tooth,  the  centre  one  being 
considerably  larger  and  forming  an  apex  to  those  on  either  side. 
C.  semicircular is,  N .  &  W .,froni  the  Coal-measure  limestone  of  Ohio, 
bears  a  remarkably  close  resemblance  to  0.  apicalis  of  Agassiz, 
and  seems  to  be  so  little  removed  as  scarcely  to  necessitate  a  sepa- 

rate specific  name.  Ctenoptycliius  Orclii  bears  some  resemblance 
to  C.  denticulatus,  Agass.  (loc.  cit.  p.  101),  in  possessing  a  large 
number  of  serrations  closely  ranged  along  the  crown  of  the  tooth, 
whose  lower  portions  form  a  series  of  plications  extending  to  the 
body  of  the  tooth  and  there  disappearing ;  but  in  G.  denticulatus  the 
curvatures  extend  quite  straight  across  the  crown,  whilst  in  the 
Aust  specimen  they  form  a  semicircle.  The  base  of  the  tooth  in 
C.  denticulatus  is  also  much  wider  than  in  C.  Ordii. 

Ctenoptychius  serratus,  Ord  (Sedgw.  and  M'Coy,  Brit.  Pal.  Fos- 
2f2 
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sils  &c.  p.  626,  pi.  3.  i.  figs.  21,  22,  23),  from  the  limestone  of 
Armagh,  bears  a  greater  resemblance  to  this  specimen  than,  perhaps, 
any  others  ;  but  it  may  be  easily  distinguished  by  the  greater 
breadth  of  the  crown  of  the  tooth  compared  with  its  depth,  the  com- 

paratively wide  and  short,  somewhat  cone-shaped  character  of  the 
denticles,  and  the  tips  of  such  denticles  appearing  minutely  crenu- 
lated  under  the  lens. 

The  specimens  serving  for  the  above  descriptions  were  collected  at 
Aust  by  Mr.  Ord,  and  are  from  his  cabinet.  In  recognition  of  his 
energetic  and  painstaking  labours,  I  have  ventured  to  employ  his 
name  to  distinguish  this  species  of  Gtenoptychius. 

Ctenopttchitjs  pectinattts,  Ag. 
A  second  species  of  Gtenoptychius  has  also  been  found  at  Aust, 

and  forms  a  part  of  the  collection  of  Mr.  Ord,  of  Bristol.  It  is  -2 
inch  across  the  crown,  and  has  a  depth  from  the  upper  edge  of 
the  crown  to  the  base  *15  inch.  The  crown  is  composed  of 
about  12  denticles,  the  tips  of  which  extend  almost  in  a  straight 
line ;  at  the  apex  the  denticles  terminate  in  short  pointed  cones. 
Towards  the  body  of  the  tooth  these  speedily  coalesce  and  form 
plications  extending  more  than  half  the  distance  towards  the  base ; 
they  form  a  concave  surface  anteriorly,  the  base  becoming  thicker 
and  convex.  The  two  outermost  denticles,  stronger  than  the  re- 

mainder, are  continued  in  a  semicircle,  and  converge  towards  the 
base.  The  whole  of  the  exposed  surface  is  covered  with  a  black, 
shining  enamel. 

In  the  third  volume  of  the  £  Poissons  Fossiles '  *,  M.  Agassiz 
describes  and  figures  under  the  name  of  Ctenoptychius  pectinatus, 
some  small  teeth  obtained  from  the  Eurdie-House  Limestone.  The 
specimens  figured  present  very  considerable  variations  in  form,  but  are 
each  characterized  by  the  denticles  forming  the  crown  of  the  tooth 
being  less  distinctly  separated  towards  the  apex,  and  the  points, 
instead  of  extending  vertically,  as  in  C.  apicalis,  diverge  or  radiate 
from  the  centre,  somewhat  in  the  form  of  a  fan.  The  beautiful  little 
specimen  from  Aust  agrees  sufficiently  well  with  this  description  to 
warrant  its  inclusion  in  the  same  genus  and  species.  Its  more 
rounded  basal  termination  is  the  most  striking  point  of  divergence, 
C.  pectinatus  having  a  more  contracted  stem-like  or  prolonged  basal 
portion. 

Cladodtjs  ceetes,  Davis.    (Plate  XXII.  fig.  9.) 
This  tooth  offers  some  peculiarities  which  give  it  a  distinctive 

character.  It  is  imbedded  in  the  matrix  ;  and  on  the  lower  part  it  is 
slightly  imperfect.  It  consists  of  a  wide  and  thick  base,  from  the 
centre  of  which  springs  a  cone-shaped  cusp.  On  either  side  the 
central  cone  there  are  indications  that  at  least  one  secondary  cusp 
has  existed.  The  bony  structure  is  very  dense,  and  now  of  a  deep 
brown  colour.  The  length  of  the  base  is  -4  inch ;  and  the 
height  of  the  central  cone  is  *3  inch.       The  latter  is  rather  less 

*  Page  100,  tab.  19.  figs.  2,  3,  4. 



THE  BONE-BED  AT  ATJST,  NEAR  BRISTOL. 425 

than  *2  inch  in  diameter,  and  it  ends  in  a  rounded  apex  ;  rising 
from  the  body  of  the  tooth,  it  first  curves  a  little  outward  and 
backward,  and  then  again  bends  forward,  the  end  projecting,  as 
shown  in  fig.  10  a,  PI.  XXII.  It  appears  to  be  thin  in  proportion  to 
its  width,  and  has  quite  a  tongue-shaped  appearance.  The  surface 
of  the  part  of  the  tooth  forming  the  cone  is  deeply  indented  with 
numerous  pituoles.  The  tip  is  smooth  and  is  covered  with  a  thick 
coating  of  ganoine.  The  basal  line  of  the  lower  portion  of  the  tooth 
is  curved  inwards  from  each  lateral  extremity ;  and  from  the  cone 
the  tooth  swells  with  a  well-rounded  forward  curve  to  the  base. 
Near  each  lateral  extremity  of  the  base  a  part  has  been  broken  away 
with  the  matrix.  The  portion  left  exhibits  the  base  of  a  secondary 
denticle  or  cone,  in  the  centre  of  which  is  the  cavity  which  as- 

cended towards  its  point.  The  secondary  denticles  were  placed 
forward  in  comparison  with  the  principal  centre  one,  and  were 
rounder  in  section. 

This  specimen  more  resembles  Agassiz's  species  G.  marginatum 
than  any  other ;  it  may  be  easily  distinguished,  however,  by  the 
absence  of  the  deeply  striated  surface  which  characterizes  the 
latter  and  by  its  shorter  base.  I  suggest  the  nomen  triviale  C. 
curtus. 

EXPLANATION  OF  PLATE  XXII.  figs.  1-9. 

Fig.  1.  Hybodus  austiensis,  Davis. 
2.  Hybodus  punctatus,  Davis. 
2  a.  Transverse  section. 
3.  Nemacanthus  monilifer,  var.  a. 
3  a.  Transverse  section. 
4.  Nemacanthus  monilifer,  var.  (3. 
4  a.  Transverse  section. 
5.  Nemacanthus  minor,  Davis. 
5  a.  Portion  of  spine,  magnified. 
5b.  Transverse  section. 
6.  Palceosaurus  Stricklandi,  Davis. 
6  a.  Tooth,  magnified. 
6  b.  Transverse  section,  nat.  size. 
7.  Sphenonchus  obtusus,  Davis. 
7  a.  Ditto,  magnified. 
7  b.  Antero-lateral  form. 
1c.  Posterior  view. 
7  d.  Postero-lateral  form. 
8.  Ctenoptychius  Ordii,  Davis 
8  a.  Longitudinal  section. 
9.  Cladodus  curtus,  Davis. 
9  a.  Longitudinal  section. 

Discussion. 

Prof.  Seelet  remarked  on  the  curious  survival  in  the  Aust  deposit 
of  Palaeozoic  types  of  fishes  mingled  with  forms  peculiar  to  the 
Mesozoic  as  offering  a  parallel  to  the  mixture  of  Palaeozoic  with 
Secondary  Mollusca  in  the  Upper  Trias  of  the  Austrian  Alps.  He 
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stated  that  Sphenonchus  always  occurs  on  the  head  of  Hybodont 
fishes  in  the  Secondary  rocks. 

Mr.  Tawney  thought  the  Palaeozoic  forms  in  the  Aust  bed  are 
fossils  derived  from  the  Carboniferous  strata,  and  not,  as  Prof. 
Seeley  contended,  surviving  types. 

Mr.  Longe  stated  that  there  is  a  great  difference  between  the 
contents  of  the  bone-bed  at  Garden  Cliff  at  Westbury  and  Aust  Cliff 
respectively.  He  thought  the  fossils  in  the  bone-bed  do  not  belong 
to  the  period  at  which  the  materials  were  accumulated. 

Mr.  Ussher  thought  that  the  working-out  of  the  Rhsetic  beds 
might  afford  evidence  of  the  unconformities  due  to  changed  condi- 

tions of  deposit.  He  alluded  to  an  appearance  of  unconformity 
between  Rhsetic  and  Trias  at  Newark,  where  a  thin  band  of  derived 
fragments  occurred  at  the  base  of  the  former. 

Eev.  H.  "Winwood  argued  against  the  theory  of  the  bone-bed being  a  remanie  bed  from  the  fact  of  the  delicate  fossils  in  it  not 
being  waterworn. 

The  President  thought  that  most  of  the  fossils  at  Aust  Cliff  and 
Westbury  are  not  remanie,  but  are  of  the  true  Rhsetic  age ;  but 
some  Carboniferous  forms  are  undoubtedly  derived.  The  specimens 
of  Ceratoclus  were  not  at  all  worn.  The  form  called  Sphenonchus 
is  certainly  the  head-spine  of  Hybodus,  as  proved  by  specimens 
from  Lyme  Regis.  I  j  , 

The  Author  stated  that  the  details  that  he  had  given  represented 
the  examination  of  only  three  collections,  and  that  there  yet  remained 
much  work  to  be  done  in  this  field. 



\ 
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33.  On  Anodontacaxthtts,  a  new  Genus  of  Fossil  Fishes  from  the 
Coal-measures ;  with  Descriptions  of  three  new  Species.  By 
James  W.  Davis,  F.G.S.  &c.    (Eead  May  11,  1881.) 

[Plate  XXIX] 

The  spines  which  form  the  subjects  of  the  following  descriptions 
are  from  the  West-Riding  Coalfield  in  Yorkshire,  and  the  Ironstone 
occurring  in  the  Lower  Limestone  series  near  Edinburgh.  A  strati- 
graphical  description  of  the  Cannel  Coal  at  Tingley,  from  which  the 
first  two  species  have  been  obtained,  may  be  consulted  in  the 
Quarterly  Journal  of  the  Geological  Society  issued  for  February 
1880,  page  56. 

The  three  species  of  Ichthyodorulites  forming  the  subject  of  this 
paper  are  the  only  specimens  of  which  I  have  cognizance  possessing 
their  peculiar  characteristics.  In  some  particulars  they  resemble 
the  genus  Pleuracanthus ;  they  are  composed  of  a  strong,  close- 
grained,  fibrous  substance.  Their  general  form  is  also  similar  to 
that  of  the  Pleuracanths  :  the  internal  cavity  is  terminal  at  the  basal 
extremity  ;  and  the  walls  become  thinner  near  the  base  in  comparison 
with  the  remainder  of  the  spine  ;  the  method  of  implantation  in  the 
body  of  the  fish  must  also  have  been  the  same.  The  great  distin- 

guishing feature  between  the  two  rests  in  the  absence  in  this  genus 
of  any  form  of  denticulation.  In  the  Pleuracanths  there  are  two 
rows  of  denticles  either  along  each  lateral  surface  or  on  some  portion 
between  the  lateral  and  posterior  lines.  Whether  this  may  be  a 
sufficient  distinction  to  necessitate  a  second  genus,  or  further  dis- 

coveries will  prove  that  it  must  be  included  in  the  genus  Pleura- 
canthus, remains  to  be  seen ;  but  for  the  present  it  may  be  better 

to  consider  it  as  a  distinct  genus,  for  the  following  reason  :  hitherto 
remains  of  the  fish  Pleuracanthus,  where  found  in  even  tolerable 
perfection,  as  in  the  Stone-coal  of  Bohemia,  have  always  had  associ- 

ated together  the  three-pronged  teeth  of  the  so-called  Diplodus,  and 
a  spine,  the  latter  more  or  less  straight,  but  always  possessing,  in  one 
situation  or  another,  two  rows  of  denticles.  From  Tingley,  where  the 
spines  under  discussion  have  been  obtained,  I  have  several  slabs  of 
Cannel  Coal  covered  with  a  mass  of  cartilage  full  of  the  mosaic-like, 
minute,  rhomboidal,  bony  centres  characteristic  of  Pleuracanthus, 
with  numbers  of  teeth,  and  occasionally  a  spine  in  situ ;  but  in  all 
cases  the  spine  has  been  denticulated.  So  far  all  the  evidence  goes 
to  show  that  the  spines  of  Pleuracanthus  were  armed  or  ornamented 
by  these  denticular  appendages  ;  there  is  a  possibility,  however,  that 
a  specimen  may  be  found  with  a  spine  without  denticles  in  association 
with  undoubted  Pleuracanthus-Tema.ms  ;  and  should  that  happen,  it 
will  be  necessary  to  modify  the  character  of  the  genus  so  as  embrace 
this  one.  Until  such  evidence  is  forthcoming,  it  may  be  regarded  as  a 
distinct  genus,  for  which  the  name  Anodontacanthus  may  not  be  in- 

appropriate, signifying  a  toothless  spine. 
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1.  Anodontacanthus  acutus,  Davis.    (Plate  XXII.  fig.  10.) 

Spine.  Length  2*5  inches,  breadth  *2  inch.    The  spine  is  straight, 
and  gradually  tapers  to  a  point ;  there  are  no  denticles ;  and 
the  surface  of  the  spine  is  uniformly  covered  with  little  pittings, 
giving  an  appearance  of  reticulation.  The  walls  are  about  one 
fourth  the  diameter  of  the  spine  in  thickness  ;  there  is  an  in- 

ternal cavity  with  a  wide  open  termination  at  the  basal  extremity, 
the  walls  as  they  approach  the  base  becoming  much  thinner.  The 
cavity  extends  along  the  interior  of  the  spine  almost  to  its  apex. 
The  spine  has  every  appearance  of  having  originally  been  circular  in 
form.  It  has,  however,  become  somewhat  crushed  along  the  basal  or 
weaker  portion  of  the  spine  since  its  deposition.  The  specific  desig- 

nation acutus  expresses  its  pointed  character. 
Locality.  Cannel  Coal,  Tingley,  Yorkshire. 

2.  Anodontacanthus  obtusus,  Davis.    (Plate  XXII.  fig.  11.) 
A  spine  from  the  same  locality  and  horizon  as  the  one  already 

described  is  of  larger  dimensions  and  different  form ;  the  basal  end 

is  broken  off ;  the  remaining  portion  is  2*5  inches  in  length,  and  the 
diameter  nearly  0-3  inch.  Judging  from  the  proportions  of  the 
spine  preserved,  it  is  probable  that,  including  the  missing  portion, 
its  length  would  be  3*50  inches  when  perfect.  The  surface  is  uni- 

formly covered  with  minute  longitudinal  striations,  which  towards 
the  apex  become  broken  up  into  small  pore-like  indentations,  the 
latter  being  finer  than  in  the  smaller  species.  The  portion  of  the 
spine  preserved  maintains  a  uniform  thickness  to  within  an  inch 
of  the  apex,  where  it  becomes  slightly  contracted,  and  ends  in  a 

broad,  flattened,  obtusely  rounded  extremity,  0*2  inch  across.  The 
body  of  the  spine  is  oval  in  section,  with  an  internal  canal  occu- 

pying one  third  of  its  diameter.  The  spine  differs  from  the  one  de- 
scribed before  in  its  greater  size,  oval  form  in  section,  extremely 

broad  apical  termination,  striated  surface,  and  in  the  greater 
thickness  and  strength  of  its  walls.  All  together  these  differences 
appear  sufficiently  great  to  render  necessary  a  separate  specific  de- 

signation ;  and  I  propose  to  give  it  the  name  of  A.  ohiusus,  in  refer- 
ence to  its  obtusely-pointed  extremity. 

Locality.  Cannel  Coal,  Tingley,  Yorkshire. 

3.  Anodontacanthus  eastioiatus,  Davis.    (Plate  XXII.  fig.  12.) 

Spine  imperfect,  the  base  absent ;  part  preserved  2*4  inches  in 
length,  extending  from  the  point,  apparently  half  the  length  of  the 
spine,  the  lateral  diameter  greatest,  being  0*4  inch.  It  is  oval  in 
section,  least  diameter  between  the  anterior  and  posterior  faces  being 
0*2  inch ;  there  is  a  central  cavity,  circular  in  section,  which 
extends  towards  the  point.  Prom  the  largest  diameter  of  the  spine, 
it  becomes  gradually  smaller,  and  ends  in  a  somewhat  worn-looking 
point.  The  whole  of  the  surface  is  covered  with  longitudinal  stria?, 
most  distinct  near  the  basal  extremity,  anastomosing  and  becoming 
gradually  less  numerous  towards  the  point,  where  the  striae  have 
disappeared  and  the  spine  is  smooth. 
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This  specimen  is  evidently  closely  related  to  the  two  species  already 
described  from  the  Cannel  Coal,  though  it  varies  somewhat  in  form. 
It  is  larger  and  stronger  in  appearance  ;  as  compared  with  the  others 
it  is  very  broad  towards  the  base,  and  contracts  in  diameter  more 
rapidly  to  the  point.  It  is  oval  in  section,  in  this  particular  resembling 
A.  obtusus,  whilst  it  differs  from  A.  acutus,  which  is  round  ;  all  the 
three  agree  in  being  straight,  ending  in  a  more  or  less  pointed  apex, 
and  in  the  absence  of  denticles.  The  spines  are  of  the  same  dense 
structure  in  each  ;  and  the  form  of  the  internal  cavity  appears  to  be 
similar.  In  reference  to  its  tapering  form,  I  suggest  the  specific 
name  fastigiatus. 

Locality.  Blackband  Ironstone  at  Loanhead,  in  the  Middle  Lime- 
stone series  near  Edinburgh.  The  specimen  has  been  sent  to  me  by 

Mr.  W.  Tait  Kinnear  of  that  city. 

EXPLANATION  OF  PLATE  XXII.  figs.  10-12. 

Figs.  10,  10  a.  Anodontacanthus  acutus,  Davis. 
Fig.  106.  Transverse  section. 

11.  Anodontacanthus  obtusus,  Davis. 
11  a.  Transverse  section. 
12.  Anodontacanthus  fastigiatus,  Davis. 
12  a.  Transverse  section, 
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34.  On  certain  Qtjartzite  and  Sandstone  Fossiliferotts  Pebbles  in 

the  Drift  in  Warwickshire,  and  their  probable  Identity,  liiho- 
logically  and  zoologically,  with  the  true  Lower  Silurian  Pebbles 
with  similar  Fossils  in  the  Trias  at  Bttdleigh  Salterton, 
Devonshire.  By  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S.  (Head 
May  11,  1881.) 

Special  interest  and  some  little  difficulty  attaches  to  the  history 
and  origin  of  certain  quartzite  and  other  pebbles  in  the  Drift  in  a 
limited  portion  of  the  Midland  Counties,  which  it  is  desirable,  if 
possible,  to  determine.  With  this  object  I  beg  leave  to  lay  a  few 
more  additional  particulars  before  the  Society,  which  will  form  a 
supplement  to  my  previous  paper  in  the  Quarterly  Journal,  vol.  xxiii. 
p.  210,  1867.  It  seems  probable  that  the  Keuper  sandstones  and 
marls  in  the  more  central  parts  of  England  were  at  one  time  much 
thicker,  before  denudation  had  reduced  them,  and  that  the  pebble- 
beds  existed  in  them  as  at  Budleigh  Salterton,  and  were  afterwards 
broken  up  and  the  pebbles  (like  the  flints  of  the  Chalk)  scattered 
about  in  all  directions  by  powerful  currents  of  water,  helping  to 
form  a  large  proportion  of  the  Drift  in  this  and  other  parts  of  the 
Midlands.  In  a  short  notice  in  the  Geological  Magazine  (July 
1878),  Mr.  S.  G.  Percival  supposes  that  the  quartzose  and  many 
other  pebbles  in  the  Drift  of  the  Midland  Counties  were  originally 
derived  from  the  Bunter  conglomerate.  This  may  be  probable  in 
some  slight  degree ;  and  Mr.  Jennings,  in  the  Geological  Magazine 
(May  1878,  No.  167),  states  that  he  has  found  Orthis  redux  (bud- 
leighensis)  in  a  supposed  Bunter  pebble  near  Nottingham,  where  a 
careful  search  should  be  made  for  other  fossils  which  may  occur 
there  in  situ,  both  in  the  Conglomerate  and  the  Drift — viz.  the 
gigantic  Lingidce  so  characteristic  of  the  lower  Silurians  in  Nor- 

mandy, some  of  which  I  have  already  detected  in  the  Drift  at 
Rowington.  If  it  can  be  shown  that  these  pebbles  in  the  Drift  were 
originally  derived  from  the  Bunter,  the  latter  must  have  been 
broken  up  before  they  were  deposited  in  this  newer  portion  of  the 
Trias  ;  then  comes  the  question,  Whence  were  these  pebbles  derived 
in  the  first  instance,  before  they  were  washed,  first  into  the  Bunter 
(helping  to  form  the  Conglomerate),  and  afterwards  into  the  later 
New  Red  Sandstone,  as  they  certainly  were,  in  Devonshire  and 
other  places  ? 

The  fossils  found  in  these  pebbles  here  and  elsewhere  show 
that  many  belonged  to  Palaeozoic  rocks,  as  evidenced  by  Orthis 
budleighensis,  Lingida  Leseurii,  Trachyderma  serrata,  and  some 
others  given  in  the  list  at  the  end  of  this  paper.  Some  of  these, 
especially  the  Lingidaz,  are  species  which  as  yet  have  not  been 
noticed  anywhere  in  situ  in  this  country,  but  are  peculiar  to  Nor- 

mandy and  Brittany,  and  were  determined  by  the  late  Mr.  Salter. 
Mr.  Pengelly  (Geol.  Mag.  No.  167, 1878)  thinks  that  the  occurrence 



FOSSTUFEROES  PEBBLES  IN  THE  BRIFT  IN  WARWICKSHIRE.  431 

of  Ortliis  hudleighensis  in  the  altered  quartz  rock  (Lower  Silurian) 
of  Gorran  Haven,  Cornwall,  shows  that  some  of  the  Budleigh  pebbles 
were  derived  from  there,  which  may  be  the  case  so  far  as  regards 
the  Devonian  area,  but  would  hardly  account  for  their  presence  so 
much  further  to  the  north-east,  in  some  parts  of  the  Midland  Coun- 

ties for  example. 
Therefore  I  suggested  a  more  northerly  or  north-easterly  exten- 

sion of  Old  Silurian  rocks,  in  which  view  my  late  lamented  friend 
Professor  Phillips  concurred.  This  would  bring  them  much  nearer 
to  that  portion  of  England  now  forming  the  Midland  District ;  and 
the  destruction  of  those  ancient  palseozoic  deposits  may  have  largely 
helped  to  supply  the  Bunter  with  pebbles,  which  were  in  later  times, 
by  the  denudation  of  the  latter,  washed  into  the  ISew  Red  Sandstone 
then  forming.  This,  again,  in  its  turn,  was  greatly  attenuated,  and 
the  pebbles,  much  reduced  in  bulk,  finally  distributed,  with  many 
others  derived  from  rocks  of  diverse  ages  and  from  all  parts  (north, 
south,  east  and  west,  notably  from  the  north),  as  Drift. 

With  reference  to  the  Bunter  Conglomerate  on  the  northern  edge 
of  Cannock  Chase,  Professor  Bonney,  in  a  paper  in  the  Geological 
Magazine  for  September  1880,  concludes,  from  a  careful  comparison 
of  the  quartzite  at  Loch  JSearn  in  Scotland,  that  many  of  the  Staf- 

fordshire Bunter  pebbles  were  derived  from  the  north-west  of 
Scotland.  Other  and  different  quartzites,  he  says,  resemble  more 
closely  those  of  Budleigh,  the  Lickey,  and  Hartshill.  He  found 
Orthis  hudleighensis  in  a  pebble  at  Eugeley  which  was  identi- 

fied by  Mr.  Etheridge,  and  was,  he  states,  lithologically  and 
zoologically  identical  with  the  Cornish  and  Budleigh  specimens. 
He  also  noticed  a  Rhynchonella.  and  probably  Orthis  calligramma. 

In  Mr.  Percival's  collection  of  pebbles  from  the  Drift  at  Mose- 
ley,  Birmingham,  in  the  Jermyn-Street  Museum,  the  following 
fossils  are  recorded — Orthoceras?,  Cleidophorus  amygddlis,  Orthis 
hudleighensis,  StricJclandinia  h/rata,  Sjnrifera  disjuncta,  Glyjyto- 
crinus,  Petraia  hina*.  Professor  Bonney  is  of  opinion  that  the  Lickey 
largely  contributed  to  the  Bunter  pebbles  about  Birmingham  and 
Bromsgrove.  I  quite  agree  with  him  in  thinking  that  none  of  the 
Midland-Counties  pebbles  came  from  South  Devon,  and  with  Prof. 
Hull  that  very  many  have  a  northern  origin;  but  there  man}- others 
in  certain  places,  and  notably  in  the  area  referred  to  in  this  paper, 

*  Some  time  since,  I  looked  over  a  miscellaneous  collection  of  rocks  presented 
by  Messrs  Allport  and  Percival  to  the  Midland  Institute,  obtained  by  them  from 
the  Drift  in  the  neighbourhood  of  Birmingham,  chiefly  from  Moseley  and  other 
places  adjacent.  There  are  many  igneous  and  met  amorphic  rocks,  basalt,  gra- 

nite, syenite,  and  hard  crystalline  pebbles,  including  agates,  all  of  "which  occur 
at  Rowington.  The  fossilif  erous  rocks  are  chiefly  Carboniferous,  including  chert 
with  encrinite  stems,  probably  from  Derbyshire,  several  shells  and  corals  and  coal- 
plants.  There  are  few  (if  any)  Llandovery  species.  There  are  some  Orthides, 
some  of  which  occur  in  a  dark-grey  boulder  very  like  the  Snowdon  rocks. 
There  are  only  a  few  quartz  pebbles  similar  to  those  described  in  this  paper  ; 
but  I  observed  among  them  Orthis  hudleighensis  and  Trachyderma  serrata  of 
large  size  and  well  preserved,  but  certainly,  taking  the  whole  collection,  not  so 
numerous  as  in  the  Drift  in  this  district. 
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which  must  have  had  a  different  origin.  Yery  likely  the  altered 
Llandovery  Sandstone  (quartz  rock)  of  the  Lickey  contributed  many 
of  the  pebbles  in  this  Drift,  though  it  would  be  almost  impos- 

sible to  determine  the  source  of  all  the  quartz  pebbles  in  the  latter ; 
I  have,  however,  not  yet  detected  a  single  well-defined  Llandovery 
species  in  any  of  them  in  this  district;  and  a  very  considerable  num- 

ber, if  not  a  majority  of  the  fossils  in  the  pebbles  I  have  obtained  are 
decidedly  of  Lower  Silurian  origin  ;  so  that  in  a  direction  south  of 
Birmingham  and  towards  Warwick  and  Stratford-OD-Avon  the 
tendency  evidently  seems  to  be  that  pebbles  of  lower  palaeozoic  age 
predominate;  and  the  lithological  and  zoological  resemblance  which 
they  bear  to  the  pebbles  of  this  date  at  Budleigh  is  sufficiently  close 
to  lead  to  the  conclusion  that  they  are  in  all  respects  identical  and 
were  derived  from  some  Old  Silurian  rocks  at  a  greater  or  less  dis- 

tance, and  so  far  had  a  common  origin.  Originally,  of  course,  they 
must  have  come  from  their  parent  palaeozoic  rock  wherever  it  was, 
by  the  wear  and  tear  of  which,  by  the  action  of  waves  and  currents 
and  other  processes  of  denudation,  in  the  course  of  ages  they  became 
pebbles,  and  may  have  been  in  the  first  instance,  perhaps,  washed 
into  the  Bunter  and  have  helped  to  form  a  portion,  greater  or  less  as 
the  case  might  be,  of  its  conglomerates  in  certain  places.  When  this 
was  in  its  turn  fractured  and  denuded,  some  of  these  pebbles  may 
have  been  afterwards  redeposited  in  the  New  Bed  Sandstone,  not 
everywhere,  but  locally,  as  at  Budleigh  in  Devonshire,  and  parts  of 
Warwickshire*.  When  the  latter  was  also  largely  denuded,  these 
Old  Silurian  bouldered  remnants  were  finally  scattered  about  and 
mingled  with  the  Drift.  If  not  derived  from  the  Bunter  or  the  New 
Bed  Sandstone  they  must  have  come  directly  from  the  relics  of  some 
ancient  Silurian  formation  which  was  still  in  existence,  and  was 
finally  but  partially  broken  up  at  a  more  or  less  distant  period, 
thus  helping  to  add  largely  to  the  widely  accumulating,  often  sifted 
and  re-formed  Drift. 

In  a  redistributed  and  miscellaneous  superficial  deposit  of  pebbles 
and  other  debris,  like  that  of  the  Midland  Counties  in  the  districts 
referred  to,  it  would,  I  think,  be  incorrect  (at  least  we  have  not 
sufficient  evidence  as  yet)  to  infer  that  most  of  the  quartzite  and 
other  pebbles  are  derived  from  the  Bunter.  A  large  majority  of 
these  are  more  or  less  consolidated  quartzite ;  and  I  have  one  pebble 
of  quartz  with  an  obscure  impression  of  a  shell,  which  reminds  me 
of  the  Cornish  Lower  Silurian  rock  at  Caerhayes.  The  most  abun- 

dant are  grey  and  brown,  more  or  less  striated,  consolidated  sand- 
stone boulders,  varying  in  size  and  sometimes  of  a  deep  red  colour ; 

and  these  agree  lithologically  with  the  Budleigh  pebbles  containing 

*  Although,  with  the  exception  of  the  Lower  Keuper  sandstone  at  Budleigh, 
there  are  no  pebbles  elsewhere  found  in  situ  in  the  New  Bed  Sandstone,  there 
is  no  reason  why  they  should  not  have  occurred  in  certain  places  in  other  di- 

rections in  the  same  formation,  either  in  the  Upper  or  Lower  Keuper.  In  the 
Midland  Counties  the  upper  division  has  here  and  there  undergone  very  ex- 

tensive denudation  ;  or  possibly  pebble-beds  may  still  exist  in  the  New  Eed  which 
have  not  yet  been  discovered. 
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certain  well-known  Silurian  species  and  some  of  the  rock  specimens 
I  have  from  Normandy.  In  fact  placing  the  majority  of  the  War- 

wickshire Drift  pebbles  in  my  collection  side  by  side  with  those  from 
Devonshire  and  France,  it  would  be  impossible  to  separate  them, 
the  character  of  the  rock  being  identical,  and  the  fossils,  where  pre- 

sent, the  same.  This  is  a  point  of  much  interest,  and  while  fossili- 
ferous  pebbles  are  on  the  whole  rare  (though,  of  course,  very  many 
must  have  been  overlooked),  there  are  many  which  have  the  same 
mineralogical  character,  and  really  form  a  considerable  portion  of 
the  gravels,  and  were,  no  doubt,  derived  from  the  same  source  and 
originally  belonged  to  a  formation  of  the  same  age.  With  the 
exception  of  a  few  Carboniferous  fossils  and  others  of  later  date  a 
very  large  percentage  belong,  as  it  appears,  to  the  older  Silurian 
rocks,  and  wherever  they  may  have  occurred  in  situ  must  have  been 
originally  derived  from  them.  The  absence,  apparently,  of  Llan- 

dovery fossils  is  remarkable,  and  seems  to  show  that  a  very  small 
proportion  of  the  Drift  in  this  district  had  come  from  the  Lickey 
within  sight  and  not  so  very  far  off.  In  a  list  of  fossils  from 
the  Bunter  conglomerates  near  Cannock  Chase,  Mr.  W.  Molyneux*, 
F.Gr.S.,  on  the  authority  of  the  late  Mr.  Salter,  assigns  all  the  species  to 
Mountain -Limestone  and  Upper  Silurian  (May  Hill  sandstone,  Llando- 

very) groups,  and  not  one  Lower  Silurian  form  occurs ;  but  Professor 
Bonney  records  Ortliis  reduce  (budleigJiensis)  f  from  the  same  district 
on  the  authority  of  Mr.  Etheridge.  Mr.  Davidson*  is  of  opinion  that 
the  majority  of  the  Brachiopoda  in  the  pebbles  at  Budleigh  are 
Devonian,  which  predominate;  but  the  Lower  Silurian  are  sufficiently 
numerous  and  well  preserved  to  have  enabled  Mr.  Salter  ||  to  deter- 

mine and  identify  a  considerable  number  with  certain  species,  giant 
Lingulce  and  others,  peculiar  to  the  district  of  May  and  Gehard, 
(Armorican  sandstone)  in  Normandy. 

The  small  collection  of  Lower-Silurian  fossils  which  I  possess,  the 

result  of  several  years'  work,  from  a  limited  area  of  the  Midland 
District,  must  have  been  derived  from  a  much  nearer  source  than 
Devon  or  Cornwall ;  and  Professor  Bonney,  in  the  same  paper,  justly 
observes  that,  as  from  physical  considerations  it  is  almost  impossible 
that  Cornish  pebbles  could  have  made  their  way  into  the  country 
round  Cannock  Chase,  the  only  possible  inference  is  a  nearer  one  by 
a  further  extension  to  the  north-east  of  the  old  Silurian  strata  with 
their  fossiliferous  sandstones  and  quartzites.  The  idea  that  they 
can  have  been  derived  directly  from  Normandy  is,  of  course,  out  of 
the  question ;  and  Mr.  Davidson  also  contends  for  an  extension,  as  I 
do,  of  Silurian  rocks  in  the  Channel  and  nearer  to  Devonshire  as  a 

*  Proceedings  of  the  Dudley  and  Midland  Geological  and  Scientific  Society, 
1877,  p.  139. 

t  Mr.  A.  H.  Atkins,  B.Sc,  one  of  the  masters  of  King  Edward's  School,  Bir- mingham, has  lately  found  Orthis  budleighensis,  in  situ,  in  one  of  the  Bunter 
pebble-beds,  at  Kinver  Edge,  near  Stourbridge,  which  is  another  instance  of 
the  presence  of  this  species  in  the  lower  division  of  the  Trias.  I  recognized 
the  species  at  once,  and  Mr.  Davidson  has  since  confirmed  it. 

\  Quart.  Journ.  Geol.  Soc.  vol.  vi.,  February,  1870,  No.  101. 
|  Quart.  Journ.  Geol.  Soc.  vol.  ii.,  August,  1864,  No.  79. 



434 P.  B.  BEODIE  ON  CERTAIN  QTTAKTZITE  AKB  SANBSTONE 

probable  source  of  the  Budleigh  pebbles  which  contain  fossils  of 
that  date.  The  extension  of  this  area  of  ancient  rocks,  or,  indeed,  of 
any  geological  age,  is  never  improbable  when  we  consider  the 
enormous  amount  of  denudation  which  all  great  formations  have  at 
one  time  or  other  undergone.  I  have  made  some  additions  to 
the  Lower-Silurian  fossils  I  have  detected  in  the  Warwickshire  Drift 
since  the  publication  of  my  former  paper  on  this  subject  in  the 
Journal  of  the  Geological  Society  (vol.  xxiii.  p.  210,  1867);  Orthh 
redux  and  Lingula  Leseuri  were  determined  by  Mr.  Woodward  some 
■years  ago  ;  Lingula,  n.  sp.,  by  Mr.  Davidson,  and  the  remainder  by 
Mr.  Etheridge,  who  has  been  kind  enough  to  examine  them ;  and  I 
here  give  the  entire  number,  with  the  additional  species,  on  his 
authority : — 
Or  this  budleigh  ensis. 

 Valpyana. 
Lingula  Leseurii,  n.  sp., 
Spirifer  antiquissiinus  ? 

 Davidis  ? 
Rhynchonella  sp. 
Modiolopsis  lirata.  sp. 

Davidson. 

Lyrodesma  cselata? 
Ctenodonta  Bertrandi  ? 
Area  Noranjoana  ? 
Palaaarca  secunda. 
Tracliyderma  serrata, 
Calymene  Tristani. 
Homalonotus,  portions. 
Fucoids,  one  or  two  branching  forms. 

Orthis  budleigliensis  is  very  abundant  and  characteristic.  One 
of  the  Lingulce  determined  by  Mr.  Davidson  is,  he  says,  a  new 
species  and  totally  unlike  any  of  those  from  Budleigh.  The 
Annelid  Tracliyderma  serrata  is  frequent  and  generally  in  good 
preservation.  The  total  number  of  Lower-Silurian  genera  and  species 
figured  and  described  by  Salter  from  the  pebbles  at  Budleigh  Sal- 
terton  is  twenty-four ;  and  there  are  several  diligent  collectors  of 
these  fossils  in  Devonshire.  From  the  Midland  Drift,  in  a  limited 
space  and  with  less  facilities  for  obtaining  them,  I  have  procured 
sixteen,  leaving  only  a  difference  of  eight  in  favour  of  Devon — which 
is  somewhat  remarkable,  considering  the  much  better  opportunities 
for  collecting  them  in  the  West.  At  present,  I  believe,  this  is  the 
largest  number  of  Lower-Silurian  fossils  of  the  age,  probably,  of  the 
Bala  and  Lower  Llandeilo  formations,  hitherto  observed  in  the  Mid- 

land Drift.  This  fact  too,  I  think,  strengthens  my  argument  in 
favour  of  more  extensive  ramifications  of  old  palaeozoic  rocks  in  a 
north  or  north-easterly  direction;  and  these,  when  broken  up,  would 
furnish  ample  materials  coming  from  different  areas  to  supply  the 
fossiliferous  pebbles  referred  to.  No  doubt  this  list  would  be 
largely  increased  if  the  road-heaps,  collected  chiefly  from  the  fields, 
could  be  more  diligently  searched;  for  many  fossiliferous  pebbles 
must  be  overlooked. 

Mr.  Walter  Keeping,  in  an  interesting  paper  *  on  the  Upware  and 
Potton  Greensand  pebble-beds,  observes  that  "  some  of  the  quart- 
zites  are  like  those  of  the  New  Red  Sandstone  pebble-beds,  and  were 
probably  thus  derived."  He  accounts  for  the  presence  of  other  older 
palaeozoic  pebbles  by  the  supposition  that  they  were  derived  from  a 
great  palaeozoic  ridge  extending  northwards  towards  Cambridge. 

*  Geological  Magazine,  No.  195  (New  Series,  No.  19),  Sept.  1880,  p.  414. 
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From  this  source  at  an  earlier  period  the  Upper  and  Lower  Triassic 
pebbles  were,  as  I  have  inferred,  probably  derived ;  and  hence  it 
formed  the  supply  of  a  large  proportion  of  the  Midland  Drift  in  the 
districts  referred  to  in  this  paper.  Mr.  Etheridge  suggested  the 
possibility  of  the  Wenlock  Limestone,  lately  noticed  in  a  boring  at 

"Ware,  dipping  to  the  south.  This  surmise,  Mr.  Keeping  says,  has since  proved  to  be  correct ;  and  therefore  a  further  extension  of 
ancient  Silurian  and  Cambrian  rocks  northwards  is  still  more 
probable. 

This  denudation  of  these  old  rocks  may  have  come  to  a  close 
during  the  Cretaceous  or  even  some  later  period,  when  they  finally 
disappeared  beneath  the  sea,  having  been  going  on  for  ages,  perhaps 
commencing  at  a  date  somewhat  anterior  to  the  deposition  of  the 
Banter.  There  are,  perhaps,  few  geological  problems  more  difficult 
to  solve  than  the  history  (range,  distribution,  and  origin)  of  these 
latest  Pleistocene  deposits,  such  as  clays,  till,  gravel,  and  sands  under 
the  name  of  Drift,  which  are  so  widely  spread  and  often  composed  of 
such  heterogeneous  materials.  Where  made  up  for  the  most  part  of 
formations  present  in  situ  in  the  immediate  neighbourhood  or  not 
very  far  off,  the  solution  is  comparatively  easy ;  but  where  they 
are  mainly  derived  from  a  great  distance,  perhaps  here  and  there 
from  foreign  sources,  as  some  of  our  Midland  Drift  may  be,  it  is  very 
puzzling  and  extremely  difficult  to  determine  whence  they  originally 
came  and  by  what  means  they  were  transported.  Though  many 
able  papers  have  been  written  upon  this  subject,  much  yet  remains 
to  be  done  both  here  and  elsewhere  before  definite  and  satisfactory 
results  can  be  obtained. 

[Note,  July  21. — It  has  since  been  determined  that  some  of  the 
Brachiopoda  belong  to  the  Caradoc.J 

Discussion. 

The  President  remarked  that  the  subject  was  a  difficult  one, 
but  the  species,  as  stated  by  Mr.  Brodie,  were  no  doubt  correct. 
At  Budleigh  Salterton  it  was  easy  to  tell  whence  many  of  the 
pebbles  had  been  derived  ;  but  in  the  Midland  counties  it  was  most 
difficult. 

Mr.  Usshee  said  that  the  occurrence  of  the  same  fossils  did  not 
prove  that  the  pebbles  were  from  the  same  area,  and  that  the  Drift 
of  the  paper  was  not  quite  clear  from  its  title. 

Prof.  Bonnet  stated  that  the  author  had  not  expressed  this 
opinion  in  his  paper ;  he  thought  it  a  most  valuable  addition  to  our 
knowledge,  and  was  glad  that  such  a  contribution  had  been  evoked 
by  his  own  slight  paper.  He  thought  it  almost  certain  that  there 
were  two  sources  for  the  quartzites,  and  that  all  the  fossiliferous 
specimens  could  not  have  come  from  the  Lickey,  as  some  had  been 
found  at  Nottingham.  Probably  ancient  rocks  had  extended  to  the 
north-east  of  England,  beyond  those  discovered  in  borings  at 
Northampton,  and  to  the  north-east  of  those  exposed  at  Charnwood. 
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35.  The  Date  of  the  last  Change  of  Level  in  Lancashire.  By 
T.  Mellard  Reale,  Esq.,  C.E.,  F.G.S.,  E.R.I.B.A.  (Read 
April  6,  1881.) 

In  estimating  geological  time  the  difficulty  always  lies  in  getting  a 
reliable  unit  to  measure  with.  Having  surveyed  and  mapped  out, 
on  a  scale  of  6  inches  to  the  mile,  the  whole  series  of  Postglacial 
deposits  between  Liverpool  and  the  mouth  of  the  river  Douglas,  I 
have  often  asked  myself,  Can  the  age  of  any  of  these  deposits  be 
translated  from  mere  sequence  into  years  ?  Observation  has  led  me 
to  believe  that  an  approximation  may  be  made  in  the  case  of  the 
blown  sand ;  and  this,  as  I  will  presently  show,  bears  upon  the  title 
of  my  paper. 

A  reference  to  the  map  (1  inch  to  the  mile)  and  section,  figs.  1  &  2, 

Fig.  1. — Sketch  Map  of  the  Coast  at  Blundellsands,  near  Liverpool. 
(Scale  1  inch  to  the  mile.) 
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and  to  those  accompanying  my  paper  on  the  Post-Glacial  Geology 
of  Lancashire  and  Cheshire,  in  the  '  Proceedings  of  the  Liverpool 
Geological  Society,'  1871-2,  will  explain  the  order  and  sequence  of 
the  deposits ;  and  it  will  be  seen  that  the  last  movement  of  the  land  in 
Lancashire  was  downwards*.  Submarine  forests  at  the  Alt  mouth, 
the  Eimrose  brook,  the  Liverpool  and  Garston  docks  show  that  sub- 

sidence has  taken  place ;  and  (which  is  perhaps  quite  as  good  evidence) 
sections  of  stream  gullies,  cut  in  the  Boulder-clay  and  filled  with 
recent  silt,  at  levels  far  below  high  water,  are  frequently  met  with 
in  dock-excavations. 

Upon  the  superior  peat-  and  forest-bed,  which  is  an  extension 
inland  of  the  submarine  forests,  rests,  as  on  a  platform,  some  22 
square  miles  of  blown  sand,  in  some  cases  rising  75  feet  above 
Ordnance  datum,  and  estimated  by  me  to  be  at  least  12  feet  in 
average  depth. 

This  deposit  is  shown  in  my  map,  as  well  as  in  that  prepared  by 
the  Geological  Survey,  by  yellow  dots ;  it  varies  in  width  at  dif- 

ferent localities,  its  maximum  being  at  Formby,  where  it  reaches 
3  miles  inland.  It  is  quite  evident  that  the  whole  of  this  iEolian 
deposit  is  an  accumulation  subsequent  to  the  last  subsidence  of  the 
land  ;  therefore,  if  we  can  calculate  the  time  it  must  have  taken  for 
the  deposit  to  form,  we  shall  be  in  a  position  to  determine  the  least 
time  that  can  have  elapsed  since  the  subsidence. 

The  whole  of  the  blown  sand  has  been  derived  from  the  shore 

between  high-  and  low-water  marks,  but  principally  from  between 
high  water  of  springs  and  neaps  when  the  shore  is  dry.  On  a  windy 
day  it  is  very  curious  to  see  the  streaks  of  sand  rushing  over  the 
shore,  even  when  it  is  damp,  shining  like  rays  of  a  lighter  colour 
pencilled  over  a  dark  ground.  The  shore  is  very  flat,  being  in 
places  more  than  a  mile  wide  between  high-  and  low- water  marks 
of  spring  tides  ;  so  that  the  conditions  for  the  generation  of  subaerial 
sand  can  hardly  ever  have  been  more  favourable  than  they  are  now. 

In  May  1866  I  set  out  a  plot  of  land  at  Blundellsands,  in  Burbo 
Bank  Road  North,  for  building-purposes  ;  it  had  a  frontage  of  350 
lineal  yards  to  the  sea,  the  western  boundary  being  the  then  high- 
water  mark  of  spring  tides.  In  1874,  for  the  purpose  of  enclosing 
the  said  plot,  I  had  to  remeasure  it  to  define  the  boundary,  when  I 
found  that  high-water  mark  was  considerably  beyond  the  western 
boundary,  and  that  the  sand  had  gained  upon  the  sea.  An  open 
wire  fence  was  then  put  up  on  the  original  high- water  mark,  when 
measurement  showed  that  there  were  15  yards  of  land  in  front  of  it 
at  one  end,  and  5  yards  at  the  other.  The  high-water  mark  of 
springs  had,  in  fact,  receded  to  that  extent.  I  estimated  the  deposit 
of  sand  that  had  taken  place  in  the  eight  intervening  years  at  an 
average  of  10  yards  wide  along  the  whole  frontage  and  2  yards 
deep.    Allowing  1  yard  more  in  depth  for  sand  that  may  have  been 

*  At  Meols,  in  Cheshire,  on  the  opposite  side  of  the  Mersey  estuary,  was  a 
Roman  station ;  and  the  land  is  now  only  a  few  feet  above  high- water ;  therefore 
the  land  cannot  have  risen  since  the  Roman  occupation. 

Q.J.G.S.  No.  147.  2g 



438 T.  M.  EEADE  ON  THE  DATE  OE  THE  LAST 

blown  over  the  top,  which  I  am 
convinced  is  a  large  estimate,  as 
very  little  sand  blows  on  to  Burbo 
Bank  Road  North,  the  eastern 
boundary  of  the  plot,  we  shall  thus 
have  350x10x3=10500  cubic  # 
yards  of  sand  deposited  in  eight  ̂  
years  on  a  shore-frontage  of  350  £ 
lineal  yards — or  3*75  cubic  yards  ST 
per  lineal  yard  of  frontage  per  b 
annum.  g 

Taking  this  as  my  unit  of  mea-  % 
sure  (and  it  is  an  exceptionally  ̂  
large  one),  I  find,  for  the  16  miles  §£ 
of   coast   forming  the    western  © 
boundary  of  the  deposit,  it  will  g. 

give  105,600  cubic  yards  per  an-  g" num  as  moved  by  the  wind ;  and  S 
dividing   the  272,588,800  cubic  § 
yards  contained  in  the  22  square  % 
miles,  12  feet  thick,  it  will  give  g: 

2580  years  as  the  age  of  the  whole  ® 
deposit  of  blown  sand  if  accumu-  % 
lated  at  the  assumed  rate.  ^ 

Since  these  calculations  were  g 
made,  I  have  lately  tested  their  » 
accuracy    in    another  manner. 
There  is  another  plot  in  Serpen-  * 
tine  Boad,  having  a  sea-frontage  ,§ 
of  243  lineal  yards,  and  contain-  *% 
ing   about  6500   square   yards.  3 
Serpentine  Boad  was  made  from  § 
my  sections  and  under  my  super- 
intendence  in  1866  ;  so  that  I  had  J 

every  opportunity  of  ascertaining  o* the    respective   levels.     Taking  JJ 
every  thing  into  consideration,  I  J 
estimate  that  there  has  accumu-  g 

lated  over  its  whole  surface  an  g* 
average  depth  of  less  than  2  yards  g 
of  sand  (very  little  blows  across  g 
the  road);  so  I  think  we  may  gl 
fairly  take  an  average  depth  of  2  3 
yards  as  representing  the  quantity  J 
of  sand  blown  off  the  shore  from  cL 
a  frontage  of  243  lineal  yards. 
This,  extended  over  fourteen  years, 

gives  3-81  cubic  yards  of  sand  per  ^ 
lineal  yard  of  frontage  per  annum.  >g 

It  is  quite  evident  that  the  sand  ° 
cannot  accumulate  faster  than  it 
sweeps  off  the  shore  ;  but  at  other 
points  on  the  coast  the  sea  is 
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gaining  on  the  land  ;  therefore  what  is  deposited  in  front  of  the  sand- 
dunes  is  again  swept  away,  and  all  that  goes  to  the  accumulation  is 
that  which  is  blown  over  the  tops  of  the  hills  or  sand-cliffs. 

This  will  also  be  the  case  where  the  coast-line  is  stationary. 
Again,  the  high  sand-dunes  form  a  barrier  that  the  sand  cannot  so 
readily  surmount,  the  practical  effect  being  that,  the  bases  being 
swept  by  the  tide,  and  the  angle  of  repose  remaining  constant,  less 
sand  travels  inland  the  higher  they  grow.  At  the  mouth  of  the 
Alt  there  is  a  very  extensive  bank  at  low  water  swept  by  the  north- 

west wind ;  but  the  sand  does  not  accumulate,  as  it  is  blown  into  the 
river  Alt  and  washed  out  seawards  again.  The  land  on  which  the 
Altcar  rifle-range  is  situated  has,  in  fact,  as  a  protection  to  the  river, 
been  gained  from  the  sea  by  the  erection  of  artificial  obstructions, 
against  which  the  sand  accumulates.  This  accumulation  has  now 
practically  ceased ;  and  the  river  and  the  sea  combined  are  eating 
into  the  land  by  the  Crosby  lighthouse,  and  making  sad  havoc  with 
the  submarine  peat-  and  forest-bed. 

On  referring  to  the  map  it  will  be  seen  that  the  blown  sand  is 
narrowest  at  this  point,  though  the  conditions  are  very  favourable 
for  its  development,  had  the  river  Alt  not  intervened. 

If,  then,  it  be  conceded  that  the  last  change  of  level  in  South- 
west Lancashire  was  a  downward  one,  I  think  the  facts  and  cal- 

culations I  have  had  the  honour  to  lay  before  you  pretty  clearly 
prove  that  it  did  not  take  place  within  the  last  2500  years. 

Discussion. 

The  Chairman  (Mr.  Hulke)  remarked  upon  the  economic  as  well 
as  scientific  interest  of  the  communication  from  the  proved  increase 
of  land  in  the  area. 

Mr.  De  Rance,  who  had  surveyed  the  district  described  by  Mr. 
Reade  in  his  paper,  could  corroborate  many  of  the  author's  conclu- 

sions, especially  by  the  finding  of  Roman  coins  on  the  surface  of 
the  marsh  land  and  by  a  Roman  bath  only  5  feet  above  high-water 
mark. 

Prof.  Jtjdd  stated  that  Mr.  Reade's  conclusions  were  entirely  in 
accord  with  the  most  recent  researches  concerning  the  supposed 
changes  in  the  level  of  the  shores  of  the  Firth  of  Forth  since  Roman 
times. 

The  Author  stated  that  at  Hoylake,  in  Cheshire,  numerous 
Roman  remains  belonging  to  a  Roman  encampment  a  few  feet 
above  high-water  mark  prove  that  no  appreciable  downward  move- 

ment has  taken  place  since  Roman  times.  He  thought  the  actual 
period  required  for  the  formation  of  the  blown  sand  was  probably 
nearer  5000  than  2500  years. 

2g2 
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36.  On  a  new  Species  of  Plesiosaurus  (P.  Conybeari)  from  the 

Lower  Lias  of  Charmouth;  with  Observations  on  P.  mega- 
cephalus,  Stutchbury,  and  P.  brachycephalus,  Owen.  By  W. 
J.  Sollas,  M.A.,  F.B.S.E.,  F.G.S.,  &c,  Professor  of  Geology  in 
University  College,  Bristol.  Accompanied  by  a  Supplement  on 
the  Geographical  Distribution  of  the  Genus  Plesiosaurus,  by 
G.  F.  Whidborne,  Esq.,  M.A.,  F.G.S.    (Bead  May  11,  1881.) 

[Plates  XXIII.  &  XXIV.] 

The  nearly  complete  and  very  fine  specimen  of  Plesiosaurus 
(PI.  XXIII.  fig.  1)  which  forms  the  subject  of  the  present  paper  is 
the  latest  addition  to  the  already  large  collection  of  fossil  reptiles 
preserved  in  the  Bristol  Museum. 

It  was  found  over  a  year  ago,  by  Samuel  Clarke  of  Charmouth,  on 

the  north-west  corner  of  Blackven  "Water,  half  a  mile  west  of  the 
river  Char,  where  it  lay  in  a  "  table-ledge"  of  the  Lower  Lias,  some 
seven  feet  above  the  "  boulder-bed."  From  its  position  and  the 
species*  of  Ammonite  still  associated  with  it,  we  may  conclude 
that  its  geological  horizon  is  that  of  the  zone  of  Ammonites  obtusus. 

From  the  pectoral  to  the  pelvic  girdle  it  is  imbedded  in  a  layer  of 
hard  impure  limestone,  thick  enough  to  hold  the  parts  securely 
together,  but  at  the  same  time  thin  enough  to  let  the  skeleton  be 
seen  on  both  sides,  dorsal  as  well  as  ventral.  The  head  and  neck 
were  preserved  chiefly  in  shale ;  so  that,  to  ensure  the  safety  of  the 
neck,  it  has  been  found  necessary  to  imbed  it  in  plaster ;  but  the 
head,  being  filled  in  and  about  with  limestone,  has  been  left  free, 
and  can  be  turned  about,  handled,  and  examined  on  all  sides. 

The  ventral  surface  of  the  fossil  (PI.  XXIII.  fig.  1)  is  exposed  on 
the  upper  surface  of  the  imbedding  limestone ;  the  coracoids  lie  side 
by  side  nearly  in  the  position  they  would  have  occupied  in  the  dead 
animal  lying  on  its  back,  except  that  they  are  slightly  displaced  to- 

wards the  left  side ;  the  left  pubis  and  ischium  are  also  nearly  in 
position ;  but  the  corresponding  bones  of  the  right  side  have  been 
pushed  to  the  left,  so  as  to  underlie  them ;  the  femora,  which  are  all 
that  is  left  of  the  hind  limbs,  remain  on  their  proper  sides,  extended 
outwards  and  backwards.  The  fore  limbs  have  been  considerably  dis- 

placed ;  for  though  that  of  the  left  remains  on  its  own  side,  the  palmar 
surface  of  its  hand  looking  upwards,  that  of  the  right  has  been  com- 

pletely crossed  over  onto  the  left,  so  that  its  palmar  surface  would  be 
directly  superposed  on  that  of  its  fellow  were  it  not  for  a  slight  dis- 

location at  the  distal  end  of  the  humerus,  which  has  carried  the  rest 
of  the  right  limb  backwards,  and  so  left  the  left  hand  exposed.  The 
scapulae  have  turned  on  their  axes,  but  have  not  shifted  sides ;  and 

*  This,  according  to  the  determination  of  Mr.  Whidborne,  is  Ammonites 
planicosta. 
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the  "  furculum,"  or  combined  clavicles,  is  tilted  up  from  right to  left. 

So  far  as  the  appendicular  skeleton  is  concerned,  it  has  approxi- 
mately the  position  it  would  have  in  an  animal  lying  flat  on  its  back 

with  its  limbs  extended  outwards,  except  that  it  has  been  skewed 
over  as  a  whole  a  little  to  the  left,  and  the  right  fore  limb  completely 
crossed  over. 

The  axial  skeleton  is  similarly  disposed  as  far  as  the  ribs  are  con- 
cerned ;  but  the  head  and  vertebral  column  have  been  turned  round 

9u°,  and  lie  on  one  side,  the  left.  The  neck  and  head  are  also 
curved  backwards,  in  the  manner  so  usual  with  Plesiosaurus,  and 
which  has  been  commented  on  by  Professor  Huxley  as  suggestive  of 
death  by  opisthotonic  contraction. 

This  disposition  of  the  parts  of  the  skeleton  may  be  readily  ex- 
plained by  supposing  that  the  animal  to  which  it  belonged  fell,  after 

death,  sideways  through  some  depth  of  sea-water  to  an  oozy  bottom. 
The  body ,  being  broadest  laterally,  has  settled  on  its  back,  the  hind  limbs 
sprawling  outwards.  The  left  shoulder  touched  the  bottom  first ;  and 
the  right  fore  limb  heeling  over,  fell  across  the  one  to  the  left.  The 
neck  and,  in  this  species,  the  head  being  broadest  dors o-ventr ally, 
settled  on  one  side,  the  left,  and  so  communicated  a  twisting  strain 
to  the  rest  of  the  vertebral  column,  which,  being  but  slightly  attached 
to  the  ribs  and  appendicular  skeleton,  readily  yielded  to  it,  and 
turned  on  its  side  also ;  thus  the  whole  of  the  vertebral  column 
came  to  lie  on  its  broadest  face  (that  is  to  say,  laterally).  The  twist 
to  the  left  given  by  the  crossing  of  the  right  fore  limb,  and  the  sub- 

sequent pressure  of  overlying  strata,  led  to  the  various  other  minor 
dislocations  and  displacements. 

That  the  specimen  is  undoubtedly  the  type  of  a  new  species  is 
shown  by  the  following  summary  of  its  chief  characters : — 

1.  The  length  of  the  skull  from  the  anterior  extremity  of  the 
lower  jaw  to  the  posterior  margin  of  its  articulation  with  the  qua- 

drate bone  is  19-75  inches,  measured  along  the  right  side. 
2.  The  number  of  vertebras  is  66,  of  which  59  are  cervico-dorsal, 

2  sacral,  and  5  caudal.  Of  the  cervico-dorsal  vertebras  38  appear 
to  be  cervical  and  21  dorsal. 

3.  The  length  of  the  cervical  region  is  83  inches  (6  feet  11  inches); 
so  that  the  length  of  the  head  is  to  that  of  the  neck  as  24*1 : 100. 

4.  The  length  of  the  cervico-dorsal  series  is  136  inches  (11  feet 
4  inches) ;  and  the  length  of  the  head  to  this  is  as  14-6  : 100. 

5.  The  length  of  the  centrum  of  the  anterior  cervical  vertebras  is 
equal  to  the  height  and  greater  than  the  breadth  of  the  articular 
face.  Thus  in  vertebra  xv  the  measurements  are  : — Length  2  inches, 
breadth  1*5  inch,  height  2  inches. 

6.  In  the  posterior  cervical  vertebras  the  breadth  of  the  articular 
face  is  greater  than  the  length  or  height,  but  the  latter  two  dimen- 

sions remain  equal.  Thus  in  vertebra  xxxv  we  find — length  2*7 
inches,  breadth  3*5  inches,  height  2*7  inches. 

7.  The  neural  spines  increase  in  size  up  to  the  40th  to  44th  ver- 
tebra, in  which  they  measure  4*75  inches  in  length. 
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8.  The  neural  spines  are  inclined  backwards  as  far  as  the  55th 
vertebra  ;  past  this  up  to  the  57th  they  are  inclined  somewhat  for- 

wards ;  but  after  this  they  again  incline  backwards  to  the  end  of  the 
yertebral  series. 

9.  The  humerus  and  femur  are  nearly  equal  in  length,  the  femur 
being  slightly  the  shorter. 

For  the  new  species  which  these  characters  indicate,  I  propose 
the  name  of  Plesiosaurus  Conyheari,  as  a  tribute  to  that  classic  au- 

thority who  first  made  the  existence  and  nature  of  Plesiosaurus 
known  to  ns.  This  was  sixty  years  ago  ;  and  it  is  singular  that  up 
to  this  date  no  one  seems  to  have  thought  of  calling  some  species  of 
Plesiosaurus  after  the  author  of  the  genus. 

Plesiosaurus  Conyheari  agrees  closely  with  P.  Eiheridgii  in  the 
relative  length  of  head  and  neck  ;  but  if  the  length  of  the  head  be 
compared  in  each  with  that  of  the  whole  cervico-dorsal  series,  a 
marked  difference  is  apparent ;  thus  in  P.  Eiheridgii  the  ratio  is 
12*5  :  100,  in  P.  Conyheari  14*6  :  100.  P.  Conybearii  further  differs 
from  P.  Eiheridgii  in  absolute  size,  being  nearly  twice  as  long ;  it 
also  possesses  a  larger  number  of  cervico-dorsal  vertebras,  P.  Eihe- 

ridgii having  only  53,  or  6  less  than  P.  Conyheari.  In  this  latter 
character  the  new  species  more  nearly  agrees  with  P.  homalospon- 
dylus,  each  having  38  cervicals,  while  the  latter  has  22  and  the 
former  21  dorsal  vertebras  ;  but  P.  Conyheari  has  a  larger  head 
than  P.  homalospondylus.  Both  have  the  same  length  of  neck ;  but 
P.  homalospondylus  has  a  longer  dorsal  series  of  vertebras  (81  inches 
in  length).  The  length  of  its  head  relatively  to  that  of  the  neck  and 
cervico-dorsal  series  is  also  much  •  less  than  in  P.  Conyheari,  being 
to  the  neck  as  10*6  :  100,  and  to  the  cervico-dorsal  series  as 
5-4  : 100. 

Detailed  Description. 

The  Skull  (PI.  XXIV.  fig.  1).— This,  which  has  been  very  thoroughly 
freed  from  matrix,  and  is  in  an  excellent  state  of  preservation,  pre- 

sents us  with  that  very  exceptional  character  amongst  Plesiosaurs,  a 
good  profile.  This  is  due  to  its  having  been  compressed  from  side  to 
side,  and  not,  as  is  more  usual,  depressed  from  above  downwards. 
Perhaps  this  indicates  a  difference  in  the  original  shape  of  the  head. 
The  right  side  of  the  skull  has  slipped  a  little  upwards  above  the  left; 
and  some  other  displacements  have  occurred,  but  nothing  like  so  great 
as  one  would  have  expected  if  the  present  greatly  compressed  head 
had  originally  been  as  broad  from  side  to  side  as  most  Plesiosaur 
heads  evidently  were. 

Posterior  Aspect. — In  the  middle  of  the  back  of  the  skull  is  a  con- 
fused mass  of  bone  comprising  the  axis  and  atlas  vertebras,  under 

which  the  foramen  magnum  lies  concealed.  Inferior  to  this  are  the 
posterior  ends  (articular  e)  of  the  rami  of  the  lower  jaws,  bent  to- 

wards the  middle  line ;  that  on  the  right  side  is  nearly  perfect, 
clearly  not  needing  more  than  a  quarter  of  an  inch  to  complete  it. 
The  articulare  thins  off  rapidly  behind  its  articulation  with  the  qua- 
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drate,  not  extending  more  than  1*5  inch  beyond  the  posterior  edge 
of  the  condyle. 

The  quadrate  appears  to  be  directly  continuous  with  the  squa- 
mosal on  each  side  ;  and  the  latter  bones  are  prolonged  upwards  into 

a  process  which,  viewed  from  behind,  has  a  somewhat  sabre-like  out- 
line, with  the  convexity  outwards.  Both  these  suprasquamosal 

processes  are  broken  at  the  distal  end,  so  that  their  junction  over  the 
parietal  (a  characteristic  Chameleon  feature  seen  in  most  Plesio- 
saurs)  is  not  here  observable. 

Superior  Aspect. — Most  posterior  is  the  previously  mentioned  axis 
and  atlas  vertebral  mass  ;  then  succeed  in  front  the  approximated 
ends  of  the  broken  suprasquamosal  processes.  The  parietal  comes 
next,  a  pent-roof-like  bone,  5-75  inches  long,  compressed  for  the 
anterior  three  quarters  of  its  length  into  a  strong  median  crest, 
along  which  the  persistent  sagittal  suture  extends,  expanding  ante- 

riorly into  the  foramen parietaU  0*3  inch  wide,  in  front  of  which  the 
parietal  ends.  Behind,  the  parietal  is  expanded  into  a  form  like 
the  bowl  of  a  spoon,  the  bowl  being  supposed  turned  with  the  con- 

vexity upwards. 
The  next  bones  in  front  are  the  frontals,  longitudinally  ridged  in 

the  middle,  smooth  at  the  sides,  and  separated  by  a  median  suture, 
which  is  slightly  more  open  in  the  middle  of  its  length  than  at  the 
ends*.  A  splintery  suture  joins  the  frontals  to  the  nasals,  which 
are  short  longitudinally  striated  bones,  not  by  any  means  clearly 
defined  in  front  from  the  posterior  prolongations  of  the  praemaxillse. 
The  praemaxillse,  9  or  10  inches  long,  are  separated  for  their  whole 
length  by  a  simple  suture ;  posteriorly  they  are  smooth,  or  only 
faintly  wrinkled,  but  in  front  much  roughened,  probably  for  attach- 

ment of  integument. 
From  the  parietals  a  process  is  given  off  on  each  side  of  the  fora- 

men parietale,  and  continues  backwards  as  far  as  the  middle  of  the 
lateral  margin  of  the  bone ;  in  uncrushed  skulls  this  process  is  a 
plate  of  bone  standing  out  nearly  at  right  angles  to  the  body  of  the 
parietal ;  its  parallelism  in  this  case  must  be  due  to  compression. 

Lateral  Aspect. — On  the  left  side  the  upper  jaw  is  14*3  inches 
long ;  and  the  anterior  4*3  inches  is  furnished  by  the  prsemaxilla ; 
this  bone  joins  the  maxilla  along  a  line  which  runs  obliquely 
upwards  and  backwards,  to  end  just  above  the  anterior  nares. 

The  maxilla  is  an  irregularly  triangular  bone.  Its  base  (10"  long) 
furnishes  the  margin  of  the  upper  jaw ;  its  anterior  side  bounds  the 
prsemaxilla ;  its  posterior  side,  just  behind  the  apex,  furnishes  the 
lower  anterior  boundary  to  the  external  nostril,  and  further  down 
the  lower  anterior  margin  of  the  orbit  (being  excluded  from  the  upper 
part  of  it  by  the  lacrymal  and  prefrontal  bones,  here  badly  defined) ; 
still  further  downwards  and  backwards  it  meets  the  jugal,  by 
which  it  is  excluded  from  the  posterior  half  of  the  lower  boundary 
of  the  orbit ;  and  along  and  beneath  this  bone  it  extends  to  its 

*  This  appears  to  indicate  a  fossa  corresponding  to  that  on  the  frontal  suture 
of  the  Lizard's  skull,  interpreted  by  Professor  Parker  as  "  the  scarcely-closed 
anterior  fontanelle'  of  Clarias." — Phil.  Trans,  clxx.,  1879,  p.  598. 
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termination,  which  takes  place  a  considerable  distance  (over  an  inch) 
behind  the  orbit.  This  is  a  marked  character  in  several  of  the  La- 
certilia,  particularly  the  Agamidse.  The  maxilla  bears  teeth  at 
least  up  to  within  1*8  inch  of  its  termination. 

The  jugal  is  bounded  below  by  the  maxilla ;  in  front  it  forms  the 
posterior  lower  corner  of  the  orbit ;  above  it  joins  the  postorbital 
(postfrontal),  which  bounds  the  upper  posterior  corner  of  the  orbit ; 
and  behind  it  unites  with  the  squamosal  by  a  splintery  suture, 
which  is  1-4  inch  long,  and  runs  almost  at  right  angles  to  the  length 
of  each  bone.  The  jugal  is  convex  outwards  in  front,  and  depressed 
behind ;  in  the  depression  a  vertical  row  of  three  oval  pits  (nutritive 
foramina)  separated  by  intervening  smooth  ridges  is  situated.  At 
the  ends  of  the  pits,  which  are  elongated  antero-posteriorly,  stria? 
appear  on  the  surface  of  the  bone,  and  are  continued  forwards, 
diverging  at  the  same  time,  over  the  otherwise  smooth  anterior  con- 

vexity. The  external  form  and  surface-markings  thus  described 
give  to  the  jugal  such  a  characteristic  appearance  that  it  is  easily 
identified  by  them  alone. 

The  squamosal  is  a  large  and  important  bone,  of  which  the 
general  form  and  relations  are  not  quite  so  clearly  defined  as  could 
be  wished.  Its  characteristic  anterior  or  zygomatic  process,  how- 

ever, is  well  displayed  ;  it  is  a  thin  bar  of  bone  1  inch  broad,  about 
2\  inches  long,  and  \  inch  thick,  finely  striated  longitudinally,  the 
stria?  sweeping  somewhat  obliquely  forwards  from  above  down- 
wards. 

The  postorbital  continues  backwards  from  the  jugal  over  the 
upper  edge  of  the  zygoma  for  a  distance  of  08  inch.  These  three 
bones,  jugal,  postorbital,  and  squamosal,  clearly  meet  in  a  T-shaped 
suture  ;  and  thus  Professor  Huxley  is  undoubtedly  correct  in  assert- 

ing that,  "  contrary  to  what  is  usually  stated,  the  postfrontal  appears 
 to  articulate  with  a  bone,  the  homologue  of  the  squamosal 

of  the  Crocodile"  (Quart.  Journ.  Geol.  Soc.  vol.  xiv.  p.  293). 
A  slight  extension  downwards  of  the  lower  margin  of  the  anterior 

end  of  the  squamosal  bar,  rendering  its  inferior  outline  curved  con- 
cavely,  while  that  above  is  rectilinear,  brings  it  within  half  an  inch 
of  the  posterior  end  of  the  maxilla.  From  that  part  of  the  jugal 
which  is  exposed  between  the  squamosal  and  the  maxilla  no  bony 
bar  is  produced  towards  the  quadrate ;  nor  is  there  the  slightest 
evidence  of  one  having  ever  existed,  so  far  as  this  skull  is  concerned. 
I  feel  persuaded  that  an  inferior  bony  temporal  arcade  has  never 
been  present,  and  that,  if  a  quadrato -jugal  occurs  at  all,  it  must  be 
as  what  we  have  called  the  anterior  process  of  the  squamosal,  while 
for  such  a  view  I  see  no  evidence. 

The  quadrate  is  clearly  enough  identified  at  its  articulation  with 
the  lower  jaw ;  but  on  tracing  it  towards  the  squamosal  it  is  impos- 

sible to  say  where  it  ends  or  the  squamosal  begins.  The  relations  of 
the  two  bones  are  quite  obscure ;  so  that  one  cannot  even  tell  in  this 
specimen  whether  what  we  have  already  termed  the  suprasquamosal 
processes  are  the  property  of  the  bones  to  which  we  have  assigned 
them,  or  whether  they  came  off  from  the  quadrate.    They  appear  in 
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other  skulls,  however,  as  continuations  of  the  squamosals,  though 

apparently  divided  from  them  by  suture.  Owen  calls  them  "  supra- 
mastoids  and  they  may  correspond  to  Parker's  "  second  supra- 
temporals,"  though,  as  they  lie  exterior  to  the  squamosals  and  not 
beneath  them,  our  term  "  suprasquamosal"  is  perhaps  best  retained. 

The  articular  end  of  the  quadrate  lies  much  below  the  general 
level  of  the  upper  jaw  (over  an  inch).  This  is  a  character  not  found 
in  Agamidae  or  most  Lacertilia ;  but  it  occurs  in  Iguana  and  the 
Chameleons. 

The  Lower  Jaw. — This,  which  has  the  usual  reptilian  composition, 
is  20*35  inches  long  from  end  to  end ;  posterior  to  the  symphysis  its 
surface  is  smoothly  striated  by  longitudinal  thread-like  ridges,  the 
external  expression  of  its  fibrous  structure ;  in  front,  past  the  pos- 

terior end  of  the  symphysis  the  surface  is  much  roughened,  and 
along  the  alveolar  margin  finely  wrinkled  *.  The  length  of  the 
symphysis  is  3*35  inches;  the  height  of  the  jaw  from  the  top  of  the 
coronary  to  the  lower  margin  of  the  ramus  is  3  inches. 

In  the  following  Table  are  given  the  more  important  measure- 
ments of  the  skull : — 

inches. 
Anterior  extremity  of  prsemaxilla  to  posterior  margin  of  parietal   18  0 

,,  anterior  margin  of  orbit    10  0 
„  „  posterior  margin  of  orbit    130 
„  „  left  nostril ......  8*2 
„  „  „  right  nostril  ...  9  2 
„  „  foramen  parietale    13  0 

Vertical  height  of  orbit  j  ¥^ 21 
Highest  point  of  parietal  to  lower  margin  of  lower  jaw  j  g  3 
Anterior  end  of  dentary  to  posterior  margin  of  articulation  with  quadrate  1975 
„  „         posterior  end  of  articulare   21 0 

Section  across  the  Skull. — The  skull  has  been  broken  across  in 
several  places,  so  as  to  afford  a  view  of  its  internal  structure ;  but 
very  little  is  clearly  displayed,  except  in  the  most  posterior  fracture, 
which  traverses  the  supratemporal  fossae  (fig.  1,  p.  446). 

A  large  and  originally  bilaterally  symmetrical  mass  of  bone  is 
seen  in  the  middle  of  the  section  above  the  lower  jaw  ;  the  greater 
part  of  it  consists  probably  of  the  basisphenoid ;  it  is  channelled  in 
the  middle  line  above  by  a  deep  narrow  groove,  through  which  a 
line  can  be  drawn  to  the  middle  point  of  the  inferior  concave  margin 
opposite,  dividing  it  into  nearly  symmetrical  halves ;  the  right  moiety, 
having  apparently  suffered  but  slightly  from  compression,  is  better 
fitted  for  study  than  the  left,  which  is  much  crushed  together.  The 
right  half  is  divided  by  a  deep  lateral  excavation  into  an  upper  and  a 
lower  portion :  the  latter,  descending  outwards  and  downwards,  soon 
bifurcates ;  and  the  upper  of  the  two  processes  so  produced,  after 
diminishing  to  a  narrow  neck,  widens  suddenly  into  a  triangular 

*  The  wrinkled  appearance  here  referred  to  is  very  similar  to  that  exhibited 
by  parts  of  the  integument  described  on  page  466. 
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area,  the  transverse  section  of  a  bone  which  is  continued  backwards 
on  the  side  of  the  skull  to  terminate  on  the  inner  side  of  the  lower 
end  of  the  quadrate.  In  all  probability  this  bone  is  the  pterygoid,  or 

Tig.  1. — Transverse  Section  through  the  Skull  in  the  Region  of  the 
Supratemjooral  Fossce.    (Scale  J.) 

at  all  events  a  part  of  it ;  and  the  narrow  neck  from  which  it  extends 
may  be  partially  furnished  by  the  basipterygoid  process ;  but  there  is 
no  evidence  of  the  existence  of  a  joint  between  it  and  the  pterygoid. 
The  lower  process  of  the  bifurcation  may  also  be  a  part  of  the  ptery- 

goid ;  if  not,  I  do  not  know  what  nature  to  suggest  for  it. 
On  the  left  side  the  pterygoid  is  crushed  up  against  the  basisphe- 

noid,  almost  obliterating  the  space  which  separates  them  on  the 
right;  and  the  descending  process  below  it  is  thrust  and  broken 
against  the  lower  jaw. 
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On  each  side  of  the  section  above  the  basisphenoid  the  thin  bar 
of  bone  which  proceeds  from  the  squamosal  is  seen,  and  at  the 
summit  the  parietals  with  their  median  crest  and  persistent  suture. 
The  other  bones  appear  to  be  undeterminable ;  some  of  them  are 
probably  parts  of  the  periotic  mass. 

Dentition. — A  fine  series  of  teeth  is  well  displayed  on  the  left  side 
of  the  head.  They  are  slender,  conical,  slightly  recurved,  and  finely 
striated  from  the  apex  for  a  considerable  distance  downwards,  i.  e. 
over  the  crown.  They  vary  greatly  in  size,  the  largest  being  those 
in  the  neighbourhood  of  the  maxillo-premaxillary  suture ;  an  inch 
or  so  behind  this  they  begin  to  diminish  in  size,  and  beneath  the 
orbit  have  less  than  one  half  the  average  length  of  those  in  front, 
while  behind  it  they  dwindle  to  mere  pointed  tubercles. 

The  largest  tooth  present  is  one  in  the  right  upper  jaw,  behind 
the  maxillo-premaxillary  suture ;  it  is  2*45  inches  long,  the  distal 
1*5  inch,  or  crown,  finely  striated,  its  diameter  at  the  point  where 
the  striae  begin  being  0*6  inch.  A  smaller  but  more  perfect  tooth, 
the  largest  on  the  left  side,  measures  1*95  inches  long ;  1-35  inch  is 
striated ;  and  the  diameter  at  the  commencement  of  striation  is 
0*5  inch. 

Those  teeth  which  still  remain  exposed  to  view  are  distributed  as 
follows  : — on  the  left  side  in  the  praamaxilla  5,  in  the  maxilla  15, 
in  the  lower  jaw  13;  on  the  right  side  in  the  prsemaxilla  3,  in  the 
maxilla  11,  in  the  lower  jaw  8.  The  number  of  teeth  in  the  left 
praamaxilla  and  maxilla  make  the  nearest  approximation  to  the 
numbers  originally  present. 

The  Vertebral  Column. — There  is  a  continuous  series  of  66  ver- 
tebras, of  which  38  are  cervical,  21  dorsal,  2  sacral,  and  5  caudal. 

The  caudal  series  is  evidently  incomplete,  a  considerable  number  of 
vertebrae  being  missing  from  the  distal  end. 

Cervical  Vertebrce. — The  first  and  second,  as  already  mentioned, 
form  a  confused  mass  adherent  to  the  back  of  the  skull,  but  from 
the  third  onwards  all  are  clearly  defined  and  can  be  easily  examined, 
m.  The  centrum  of  the  third  is  1*12  inch  long*  (a.p.),  0*75  broad 
(1.1.),  and  1*4  high  (d.v.),  the  breadth  and  height  being  measured 
along  the  articular  face.  It  is  much  compressed  in  the  middle,  the 
edges  of  the  articular  ends  projecting  greatly,  as  though  the  more 
yielding  cancellous  interior  had  given  way  under  heavy  pressure, 
such  as  that  of  overlying  strata ;  this  feature  is  markedly  present  as 
far  as  the  thirteenth  cervical  vertebra.  The  neuro-central  suture  is 
a  nearly  straight  or  slightly  tricurvate  line,  with  the  central  con- 

vexity downwards.  A  tricurvate  ridge,  with  the  central  convexity 
upwards,  runs  along  the  whole  length  of  the  centrum  between  the 
articular  edges  or  rims,  at  a  level  0*4  inch  below  the  neuro-central 
suture ;  it  defines  the  upper  edge  of  the  nearly  oval  costal  pit,  which 
is  0*9  inch  long,  0*45  inch  broad  (d.v.),  and  obscurely  divided  into 
two  by  a  faint  median  longitudinal  ridge  or  closed  furrow.  The  rib 
has  been  displaced  downwards ;  and  its  ovate-lanceolate  posterior 

(a.p.)  anteroposterior,  (1.1.)  from  side  to  side,  (d.v.)  dorso-ventral. 
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prolongation  extends  with  a  downward  direction  as  far  back  as  the 
posterior  edge  of  the  centrum  to  which  it  belongs. 

Near  the  articular  ends  the  centrum  is  roughened  by  a  few  small 
irregularly  scattered  tubercles,  which  become  larger  and  more  nume- 

rous in  succeeding  vertebra?  down  to  the  twenty-fifth.  The  neural 
spine  has  been  broken  away  •  so  that  the  total  height  of  the  ver- 

tebra cannot  be  determined.  The  line  between  the  zygapophyses  is 
1*9  inch  from  the  base,  and  0*9  inch  from  the  neuro-central  suture. 

vii.  The  seventh  vertebra  has  a  total  height  of  2-95  inches  ;  the 
centrum  is  1*375  inch  long  and  1-5  high.  The  well-marked  neuro- 
central  suture  is  1*1  inch  from  the  base.  The  tubercles  near  the 
articular  ends  have  become  larger  and  more  numerous.  The  rib  is 
distinctly  hatchet-shaped,  and  consists  of  a  blade-like  upper  part  and 
a  lower  handle-like  horizontal  process ;  a  deep  incision  separates  the 
handle  from  the  blade  in  front,  and  the  front  end  of  the  handle  does 
not  reach  the  anterior  edge  of  the  centrum  by  about  an  inch.  The 
posterior  margin  of  the  blade  slopes  gradually  down,  and  curves 
gradually  into  the  handle,  the  posterior  prolongation  of  which  ex- 

tends a  short  distance  beyond  the  posterior  edge  of  the  centrum, 
from  which  the  rib  proceeds. 

The  anterior  zygapophysis  is,  as  in  the  other  anterior  cervical 
vertebrae,  turned  inwards  and  upwards  ;  below  the  line  of  the  zyga- 

pophyses the  neural  arch  is  ridged  in  a  direction  crossing  obliquely 
from  the  anterior  edge  of  the  anterior  zygapophysial  facet  down- 

wards to  the  posterior  edge  of  the  neuro-central  suture,  the  ridges 
being  most  marked  near  their  origin  and  termination.  The  distance 

from  the  anterior  to  the  posterior  zygapophysis  is  2*3  inches.  Prom 
the  line  of  the  zygapophyses  to  the  base  of  the  centrum  is  2*0  inches, 
to  the  top  of  the  spine  1*35  inch. 

The  neural  spine  has  somewhat  the  outline  of  a  Phrygian  cap  seen 
in  profile ;  it  has  a  gentle  convex  slope  backwards  in  front,  and  a 
short  sigmoid  curve  behind ;  it  rises  from  the  middle  of  the  length 
of  its  centrum,  and  hangs  over  the  anterior  quarter  of  the  centrum 
next  behind.  It  is  smooth  below,  but  roughened  towards  the  distal 
end. 

The  vertebrae  increase  in  size  and  change  in  the  relative  size  of 
their  parts  as  they  pass  backwards :  down  to  the  fifteenth  (xv),  pro- 

bably to  the  twenty-second  (xxn),  the  articular  face  of  the  centrum 
is  an  ellipse,  with  the  major  axis  vertical  (d.v.) ;  at  the  twenty-third 
(xxiii)  the  diameters  are  about  equal,  and  continue  so  to  about  the 
twenty-fifth  (xxv),  beyond  which  the  horizontal  diameter  (1.1.)  be- 

comes the  larger,  and  continues  to  increase  over  the  vertical  down 
to  and  beyond  the  end  of  the  cervical  series.  The  neuro-central 
suture  becomes  more  sharply  inflected  in  the  middle,  so  that  in  the 
fifteenth  (xv)  the  middle  curve  of  the  tricurvate  line  becomes  trans- 

formed into  a  right  angle.  The  zygapophysial  facets  acquire  by 
degrees  an  entirely  horizontal  position ;  they  seem  to  have  done  so 
in  the  fifteenth  vertebra. 

The  neural  spines  increase  more  rapidly  in  size  than  the  centra, 
and  considerably  change  their  form ;  at  the  eighteenth  (xvm)  the 
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spine  is  broader  at  the  distal  end  than  in  the  preceding  vertebrae. 
The  anterior  margin  is  short  and  straight,  sloping  backwards ; 
the  upper  margin  curved,  rising  obliquely  backwards ;  the  posterior 
margin  is  sigmoid,  convex  backwards  above,  and  concave  below, 
nearly  vertical.  In  the  thirty-second  (xxxii)  the  outline  is  much 
simpler :  both  anterior  and  posterior  margins  are  straight,  not  quite 
parallel  with  each  other,  since  they  are  further  apart  below  than 
above ;  the  upper  margin  is  an  elliptical  curve,  through  which  the 
anterior  and  posterior  margins  pass  into  each  other.  The  base  of 
the  anterior  part  of  the  spine  between  the  anterior  zygapophyses  is 
much  compressed ;  it  broadens  out  immediately  behind  the  origin  of 
the  anterior  zygapophyses,  and  also  over  the  posterior  zygapophyses. 
The  costal  pits  increase  in  size ;  but  neither  they  nor  the  ribs  show 
much  sign  of  other  change  down  to  the  twenty-sixth  (xxvi)  ver- 

tebra, when,  however,  preparations  for  change  become  evident. 
In  the  twenty-sixth,  the  rib  being  displaced  allows  the  costal  pits 

to  be  seen ;  they  are  now  quite  separate  oval  depressions,  0*95  inch 
long  and  0*9  inch  distant  from  the  anterior  edge  of  the  centrum,  with 
which  they  are  connected  by  a  ridge  which  continues  the  anterior 
margin  of  each  forwards. 

In  the  twenty- seventh  (xxvn)  all  trace  of  rugosity  has  disap- 
peared from  the  surface  of  the  centrum,  and  it  is  now  quite  smooth  ; 

this  continues  to  be  the  case  throughout  the  rest  of  the  vertebral 
column.  The  neuro-central  suture  is  marked  by  a  swelling  ridge, 
particularly  prominent  in  the  central  part  of  its  course. 

In  the  twenty-ninth  (xxix)  the  thickening  of  the  lower  end  of 
the  neural  arch  becomes  more  marked,  and  the  margin  of  the  costal 
pits  is  somewhat  elevated. 

In  the  thirtieth  (xxx)  faint  signs  appear  of  a  ridge  proceeding 
from  the  swollen  end  of  the  neural  arch  to  the  upper  margin  of  the 
costal  pit ;  in  the  thirty-first  (xxxi)  this  and  the  ridge  connecting 
the  anterior  margin  of  the  costal  pit  with  the  anterior  edge  of  the 
centrum  have  both  become  more  marked.  In  the  thirty-second  and 
thirty-third  (xxxn  and  xxxiii)  the  costal  pits  begin  to  rise  higher 
on  the  centrum,  and  become  more  posterior ;  the  upper  edge  of  the 
pit  swells  into  a  marked  ridge,  and  is  connected  by  the  previously 
mentioned  ridge,  which  (now  become  very  prominent)  ascends  from 
it  to  the  swollen  end  of  the  neural  arch. 

In  the  thirty-fourth  (xxxiv)  the  lower  costal  pit  has  almost  dis- 
appeared, and  the  upper  and  anterior  margins  of  the  remaining  pit 

are  swollen  into  a  strong  crescentic  ridge,  which  is  joined  in  the 
middle  by  the  ridge  descending  from  the  neuro-central  suture. 

In  the  thirty-fifth  (xxxv)  the  thickened  lower  end  of  the  neural 
arch  and  the  ridge  arising  from  the  anterior  margin  of  the  costal 
pit  form  together  a  single  vertically  descending  median  ridge,  which 
extends  more  than  halfway  down  the  side  of  the  centrum.  That 
part  of  the  ridge  contributed  by  the  neural  arch  is  more  swollen 
than  the  other,  and  curves  forwards  as  it  descends,  joining  at  an 
obtuse  angle  the  part  contributed  by  the  centrum,  which  is  sigmoid 
in  outline ;  the  general  form  of  the  united  ridge  is  much  like  that 
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of  a  bracket  (}),  the  middle  point  of  the  bracket  standing  for  the 
point  of  junction  of  the  two  constituent  ridges. 

In  the  thirty-sixth  (xxxvi)  the  lower  end  of  the  neural  arch  is 
still  more  swollen,  and  has  retreated  further  up  the  centrum ;  it 
more  abruptly  joins  the  costal  ridge,  which  has  become  almost 
straight,  and  more  prominent ;  it  extends  down  the  middle  of  the 
centrum  to  within  0*65  inch  of  an  oval  nutritive  foramen,  which  lies 
on  one  side  of  the  concealed  middle  line  of  the  base  of  the  centrum. 

(xxxvn)  An  abrupt  change  in  the  character  of  the  costal  ridge 
takes  place  in  the  thirty-seventh  vertebra ;  it  has  become  greatly 
enlarged,  to  form  a  simple  transverse  process,  which,  curving  down- 

wards and  backwards  from  the  neural  arch,  ends  in  an  oval  facet, 
looking  obliquely  backwards  and  downwards  ;  the  lower  edge  of  the 
facet  rests  upon  the  centrum,  the  pedicel  of  the  transverse  process 
having  as  yet  only  an  upper  and  not  an  inferior  margin.  The  rib 
is  no  longer  hatchet-shaped,  but  of  the  ordinary  half-hoop  form ;  it 
is  nearly  cylindrical  down  to  1*3  inch  from  the  transverse  process, 
and  then  expands  laterally  so  as  to  become  somewhat  triangular  in 
section ;  the  line  along  which  this  change  takes  place  is  marked  by 
a  strong  ridge,  oblique  to  the  axis  of  the  rib.  A  transverse  fracture 
across  the  front  of  this  vertebra  and  the  overhanging  posterior  zyga- 
pophyses  of  the  preceding  vertebra  shows  that  the  zygapophysial 
facets  are  not  horizontal  (as  one  might  have  conjectured),  but  much 
inclined,  the  posterior  looking  outwards  and  downwards,  and  the 
anterior  inwards  and  upwards. 

(xxxvin)  The  base  of  the  transverse  process  of  this  vertebra  ex- 
tends a  little  more  than  halfway  down  the  centrum ;  the  facet  is 

borne  on  a  distinct  pedicel,  and  looks  a  little  less  backwards  than 
that  of  the  preceding  vertebra.  This  I  take  to  be  the  last  cervical 
vertebra,  the  transverse  process  of  the  next  vertebra  appearing  to 

arise  wholly  from  the  neural  arch.  I  use  the  word  "appearing" 
definitely,  since,  in  the  absence  of  any  well-defined  neuro-central 
suture,  it  is  difficult  to  say  certainly  what  the  exact  constitution  of 
the  transverse  process  is.  It  is  clear,  however,  that  the  process  in 
this  vertebra  extends  a  little  below  the  dorsal  half  of  the  centrum  ; 

and  this  is  presumptive  evidence  *  that  it  is  cervical ;  while  in  the 
next  vertebra  it  does  not,  but  is  wholly  confined  to  the  dorsal  half, 
and  thus  should  be  the  first  dorsal.  Moreover,  owing  to  a  difference 
in  the  colour  of  the  substance  of  the  centrum  and  that  of  the  neural 
arch,  the  latter  being  black  and  the  former  brown,  in  this  region  of 
the  vertebral  column,  it  is  possible  to  detect  in  the  transverse  pro- 

cess of  the  thirty-eighth  vertebra  bone  contributed  by  the  centrum ; 
in  the  transverse  process  of  the  thirty-ninth  no  certain  indication 
of  bone  so  contributed  is  to  be  found.  The  possession  of  hatchet- 
shaped  ribs  was  at  one  time  included  by  Professor  Huxley  in  the 
definition  of  a  cervical  vertebra ;  if  this  should  be  regarded  as  an  essen- 

tial character,  then  the  vertebrae  thirty-seven  and  thirty-eight  would 

*  "  There  is  reason  to  believe  that  the  neurapophyses  do  not  extend  upon  the 
bodies  of  the  cervical  vertebras  beyond  their  dorsal  half." — Huxley,  on  Plesio- 
saurus  Etheridgii,  Quart.  Journ.  Geol.  Soc.  vol.  xiv.  p.  282  (footnote). 
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be  excluded  from  the  cervical  series,  and  there  would  be  only  thirty- 
six  cervical  vertebras.  If  it  were  desirable  to  make  a  natural  group- 

ing of  the  vertebras  of  this  skeleton  without  reference  to  those  of 
other  species,  one  would  not  hesitate  to  draw  the  line  between  cer- 

vical and  dorsal  at  the  end  of  the  thirty-sixth  vertebra ;  for  all 
down  to  the  thirty-sixth  are  without  transverse  processes,  but  pos- 

sess hatchet-shaped  ribs,  while  past  the  thirty-sixth  the  hatchet- 
shaped  rib  disappears  and  unmistakable  transverse  processes  corre- 

spondingly arise.  As,  however,  it  is  convenient  to  adhere  as  closely 
as  possible  to  existing  conventions,  in  order  to  facilitate  the  com- 

parison of  species,  I  have  been  governed  in  my  determination  of  the 
last  cervical  by  the  fact  that  a  part  of  the  transverse  process  borne 
by  it  does  clearly  seem  to  be  contributed  by  the  centrum  as  far  back 
as  the  thirty-eighth  vertebra ;  and  thus  I  have  included  as  cervical  two 
vertebras  which  would  certainly  seem  more  in  place  in  the  dorsal 

series.  Professor  Seeley's  plan  of  calling  those  vertebras  in  which 
the  transverse  process  is  passing  from  the  centrum  onto  the  neural 

arch  "pectoral"  has  much  to  recommend  it,  and  might  fairly  be 
applied  to  the  vertebras  thirty-seven  and  thirty-eight.  Indeed  there 
is  just  a  shade  of  doubt  in  my  mind  whether  vertebra  thirty-nine 
should  not  also  be  called  pectoral ;  for  its  transverse  process  appears 
to  have  a  little  brown  bone  like  that  of  the  centrum  at  its  base, 
and  the  rib  it  bears  is  bifurcate  near  the  head  and  short,  while  the 
succeeding  vertebras  bear  ribs  with  a  simple  proximal  termination 
only. 

The  determination  of  the  position  of  the  last  cervical  vertebra  is  not 
only  important  as  giving  us  the  number  of  vertebras  in  the  neck,  but 
also  because  it  furnishes  us  with  a  necessary  datum  for  the  measure- 

ment of  the  length  of  the  neck,  and  hence  for  ascertaining  that  im- 
portant character,  the  ratio  of  the  length  of  the  head  to  that  of  the  neck, 

or,  as  we  may  briefly  term  it,  the  cervico- cephalic  index.  Fortunately, 
in  the  case  of  the  species  under  consideration  the  neck  is  so  long  that 
one  or  two  vertebras  more  or  less  can  make  very  little  difference  to 
the  value  of  this  index,  the  thirty-seventh  and  thirty-eighth  vertebras 
measuring  together  not  more  than  five  inches.  The  thirty-eight 
cervical  vertebras  measure  83*25  inches,  or  6  feet  11  inches ;  and 
the  cervico-cephalic  index  is  24-1.  A  Table  is  here  appended, 
giving  the  dimensions  of  the  cervical  vertebras,  so  far  as  they  are 
ascertainable :  it  will  be  seen  that  the  constancy  in  length  which 
Prof.  Owen  *  regards  as  characteristic  of  the  cervical  vertebra  of 
the  Enaliosauria,  and  only  exceptionally  absent  in  Pliosaurus,  has 
no  real  existence,  and  also  that  no  single  vertrebra  can  well  be  taken 
as  typical  of  the  remainder.  Hence  the  importance  of  such  a  Table 
as  this  as  a  help  in  the  specific  identification  of  separate  vertebras 
will  be  apparent.  It  may  be  worth  while  to  call  attention  to  the 
abrupt  manner  in  which  some  of  the  changes  in  dimensions  occur,  as 
for  instance  in  the  length  of  the  centrum  in  passing  from  the  twenty- 
second  to  the  twenty-third  vertebra ;  and  again,  to  the  abnormal 

*  Eeport  Brit.  Assoc.  1841.    Eeport  on  British  Fossil  Kep  tiles,  p.  63. 
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variations  which  occasionally  appear,  as,  for  instance,  in'the  twenty- eighth  vertebra,  which  is  longer  not  only  than  its  predecessor,  but 
also  than  its  successor ;  the  same  is  also  the  case  in  the  thirty-sixth 
vertebra  :  the  difference  is  too  large  to  be  explained  as  an  error  of 
measurement,  and  can  scarcely  be  the  result  of  mechanical  compres- 

sion ;  it  seems  rather  to  be  concomitant  with  that  wide  departure 
from  the  ordinary  Reptilian  type  which  the  Plesiosaurian  neck 
presents. 

Table  of  Measurements  of  Cervical  Vertebrce. 

Centrum. 
Total 
height. Zygapo- 

physis 
to 

base. 
Zygapo- 
physis 
to  end 

of  spine. Zygapo- 
phySis 

Neuro- 
central 

N"euro- 

eentra! 
suture 

*N"nm  Jiat* 

.Ll  UJ-LlUCl 
of  the 

vertebra Length. Breadth Height 

to 

Zygapo- 

suture 
to 

to 

costal 
of 

vertebra. 

(a.p.) (1.1.) (d.v.) 

physis. 

base. 

pit. 

1. 2. 
3. 112 075 1-4 

1-9 

1-2 

0-4 
3. 

4. 1-25 1-4 

1-9 

21 

1-1 
0-4 

5. 
1-25 

1-4 20 

1-35 

1-1 

0-4 

5. 

6. 1-375 T4 

2;9 
2-0 2-3 

11 0-5 
7. 1-375 1-5 

2-95 
2-0 2-3 

1-1 
0-5 8. 1-375 

1*5 

2-95 
20 

1*45 

2-3 1-1 
0-5 

9. 1-375 1-5 
3-2 

20 
2-3 

11 

0-5 

10. 1-7 
1-5 

2-25 
2-45 1-05 

0-5 
10. 

11. 
1-7 

1-7 2-3 

2-45 

1-2 0-5 

12. 1-7 
1-4 

1-7 
2-45 

1-2 

0-5 

13. 1-8 
1-45 1-75 2-45 

1-4 0-5 14. 1-9 1-4 1'9 2-4 1-9 
1-4 

0-5 

15. 20 1-5 20 

4-0*
 

2-6 21 

2-75 

1-5 0-6 

15. 

16. 21 21 46 2-6 

2-2 

2-85 1-55 
0-7 

17. 2-2 
21 

4-8 

2-6 
2-45 

3-05 1-55 0-7 

18. 2-2 2-2 5-1 2-8 
2-45 

3-05 

1-5 

0-7 

19. 2*2 2-2 
5-2 

2-8 

2-65 

3-2 

1-7 
0-7 

20. 2-2 
2-2 5-4 

2*8 2-8 3-2 

1-7 

0-8 
20. 

21. 2-3 215 54 
2-8 2-8 

3-4 

1-45 0-65 

22. 2-2 2-2 5-6 
2-8 

2-8 
3-4 

1-5 0-55 

23. 2-5 2:3 22 3-0 2-9 1-8 

0-75 

24. 
2-55 

2-4 
2-2 

5-85 

3-1 3-0 3-5 
2-0 

0-7 

25. 2-5 6-6 3-4 3-3 

3-7 

0-7 

25. 26. 2-5 
2:25 

6-4 3-5 3-1 

3-55 

27. 
2-65 2-35 

6-55 3-55 3-45 
3-7 2-2 

0-8 28. 
2-75 2-45 

2-5 6-8 
35 3-65 

20 
0-8 29. 2-6 2-6 6-8 35 

3-85 
3-7 2-3 

0-75 

30. 
26 

2-65 
6-8 3-6 

36 

3-7 

2-3 
0-7 

30. 
31. 

2-65 
71 

3-6 3-9 
3-9 

2-6 

0-65 

32. 2-5 

7-1 

3-7 

3-98 

3-9 
2-4 

0-5 33. 
2-625 

7-3 

3-7 4-0 2-6 0-5 
34. 2-6 3-3 2:7 

7-5 
3-8 

4-25 2-7 

0-2 
35. 

2  69 3  5 2-7 7-7 
3-8 

4-4 2-8 
35. 

36. 
2-75 

3-5 
2-75 

3-8 
2-8 

37. 2-6 
3-55 

38. 26 3-625 2-725 38. 
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Dorsal  Series.    (Plate  XXIII.  fig.  2.) 

The  dorsal  vertebrae  are  well  exposed  in  a  fine  and  complete  series 
on  the  underside  of  the  specimen.  They  have  the  same  general 
character  as  the  last  two  cervicals — the  centrum  being  smooth,  not 
tuberculated,  its  height  (d.v.)  and  length  (a.p.)  being  about  equal, 
and  both  shorter  than  the  breadth  (1.1.).  The  maximum  dimensions 
of  the  centrum  appear  to  be  attained  in  the  fortieth  vertebra,  in  which 
the  length  and  height  are  each  2*8  inches,  and  the  breadth  4*8  inches ; 
its  total  height,  however,  is  only  7*6  inches,  being  less  than  that  of  the 
forty- third  vertebra,  which  is  8*2  inches  high ;  behind  the  fortieth  the 
centra  decrease  in  size,  and  a  little  more  rapidly  in  breadth  than  in 
the  other  dimensions.  The  transverse  processes  rise  upon  the  verte- 

brae from  the  thirty-ninth  (xxxix)  to  the  forty-second  and  forty-third 
(xlii  and  xllti)  beyond  which  they  spring  from  the  neural  arch  along 
the  zygapophysial  line ;  they  maintain  this  position  down  to  the  fifty- 
sixth  (lvi),  past  which  they  begin  to  descend  and  also  change  in 
character.  At  first,  as  in  the  fortieth  vertebra  (xl)  or  second  dorsal, 
the  pedicel  of  the  transverse  process  projects  outwards  at  right  angles 
to  the  vertical  plane  given  by  the  flat  side  of  the  neural  spine ; 
passing  backwards  this  angle  is  much  diminished,  so  that  in  the 

forty-fourth  (xliv)  vertebra  it  is  only  65° ;  behind  this  it  begins  to 
increase  again,  and  at  length  becomes  90°  at  the  fifty-fifth  (lv) 
vertebra,  or  seventeenth  dorsal. 

The  length  of  the  transverse  process  increases  slowly  down  to  the 
forty-seventh  (xlvii),  in  which  it  is  4-3  inches  long ;  behind  this  it 
slowly  shortens  and  becomes  1*5  inch  at  the  fifty-eighth  vertebra. 

The  dorso-ventral  diameter  of  the  base  of  the  transverse  process 
is  at  first,  as  in  the  fortieth  vertebra,  2-1  inches  ;  but  it  rapidly 
diminishes,  so  that  at  the  forty-third  it  has  become  1*2  inch  ; 
past  the  forty-third  it  remains  pretty  constant  as  far  as  the  fifty- 
sixth  vertebra.  At  the  fifty-sixth  important  changes  commence ;  the 
transverse  process  loses  its  straight  boldly  projecting  form  and  droops, 
as  it  were,  into  a  curve,  assuming  the  character  of  the  last  cervical 
transverse  process.  In  the  fifty-eighth  vertebra  the  facet  is  inclined 
downwards  and  backwards  ;  but  its  form  cannot  be  fully  made  out, 
as  its  lower  half  is  concealed  by  the  head  of  its  rib. 

The  neural  spines  are  parallel-sided,  and  truncated  above  by  a 
straight  or  very  gently  curved  distal  margin.  They  attain  their 
greatest  length  and  breadth  in  the  fortieth  to  forty-third  vertebrae, 
past  which  they  diminish  in  size  slowly.  In  the  early  part  of  the 
dorsal  region  the  spines  are  inclined  backwards  at  a  slight  angle ; 
thus  in  the  fortieth  to  forty-second  vertebrae  the  axis  of  the  spine 

makes  with  the  zygapophysial  line  an  angle  of  64°,  i.  e.  it  slopes 
backwards  36°  from  the  vertical ;  posteriorly  the  backward  inclina- 

tion diminishes  and  the  spine  becomes  at  length  vertical ;  this  is  the 
case  at  the  fifty-fifth  vertebra  ;  still  more  posteriorly  the  inclination 
becomes  reversed  and  the  spine  slopes  forwards ;  thus  in  the  fifty- 
seventh  vertebra  it  makes  an  angle  of  93°  with  the  zygapophysial 

Q.J.G.S.  No.  147.  2h 



454        PROP.  W.  J.  SOLLAS  ON  A  NEW  SPECIES  OP  PLESIOSATJRTJS. 

line,  i.  e.  it  is  inclined  forwards  at  an  angle  of  3°  from  the  vertical ;  at 
the  sixtieth  (lx)  vertebra  (1st  sacral)  the  spine  has  resumed  its 
backward  inclination. 

The  Bibs. 

The  early  dorsal  ribs  for  about  two  inches  from  the  proximal  end 
are  almost  straight ;  they  then  somewhat  rapidly  bend  into  a  curve, 
which  is  steeper  near  its  origin  and  straighter  towards  the  end.  At 
the  fifty-first  vertebra  the  curvature  of  the  rib  has  become  less,  in 
the  fifty-third  much  less ;  and  at  the  fifty-fourth  the  rib  is  straight. 
The  longest  ribs  are  those  of  the  forty-seventh  to  the  fiftieth  ver- 

tebrae ;  behind  the  fifty-second  they  rapidly  shorten,  those  of  the 
fifty-sixth  being  only  5*4  inches,  and  of  the  fifty-ninth  2*7  inches 
long. 

For  a  short  distance  from  the  head  the  ribs  are  roughened  with 
irregular  longitudinal  ridges,  which  are  most  marked  in  the  anterior, 
and  absent  in  the  last  few  posterior  dorsal  ribs.  All  possess  simple 
proximal  ends,  except  the  first  dorsal,  which  gives  off  a  short  process 
just  below  the  head. 

Sacral  Vertebrae. 

The  two  vertebrae  regarded  as  sacral  are  the  sixtieth  and  sixty- 
first  (lx  and  lxi).  In  them  the  transverse  process  has  become  very 
short,  little  more  than  a  raised  facet,  the  surface  of  which,  however, 
is  larger  than  that  of  the  preceding  transverse  process  of  the  last 
dorsal.  It  obviously  consists  of  two  nearly  equal  parts — an  upper 
contributed  by  the  neural  arch,  the  articular  face  of  which  is  a  plane 
surface,  meeting  along  a  horizontal  line  at  an  obtuse  angle  the 
similar  plane  surface  of  the  inferior  moiety  contributed  by  the  cen- 

trum. The  ribs  are  short  (1*9  inch  long)  and  slightly  expanded 
at  the  distal  ends.  The  neural  spines  are  inclined  backwards,  making 

in  the  sixtieth  an  angle  of  80°,  and  in  the  sixty-first  of  78°. 

Caudal  Vertebrae. 

If  the  determination  of  the  sacral  vertebras  be  correct,  then  there 
are  five  caudal  vertebras,  the  dimensions  of  which  are  given  in  the 
appended  Table  (page  455)  of  measurements  for  all  vertebras  past  the 
last  cervical.  The  spines  are  broken  away  from  them  all  except  the 
first,  in  which  it  is  suddenly  inclined  backwards  at  a  much  greater 
angle  than  that  of  the  last  sacral.  The  zygapophyses  are  nearly 
vertical. 

The  transverse  processes  are  now  represented  merely  by  pits  with 
raised  margins,  only  the  upper  part  of  which  is  furnished  by  the 
swollen  end  of  the  neural  arch.  The  ribs  remain  short ;  but  that  of 
the  first  is  longer  than  that  of  the  last  sacral. 
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Pectoral  Arch. 

The  bones  of  the  pectoral  arch  are  all  present,  though  somewhat 
displaced  from  their  original  position.  They  consist  of  the  furculum, 
coracoids,  and  scapulae. 

The  Furculum. 

This  (fig.  2)  is  a  large  bilaterally  symmetrical  plate  of  bone,  convex 
ventrally  from  side  to  side,  with  two  long  thin  tapering  lateral  wings, 
one  on  each  side,  directed  backwards  and  slightly  dorsally :  a  tri- 
curvate  anterior  margin,  the  central  curve  being  a  large  semicircular 
excavation,  which  passes  into  a  curve  convex  forwards  on  each  side ; 
and  a  gently  curved  posterior  margin  convex  backwards,  with  a 
narrow  deep  incision  running  forwards  along  the  median  line,  or 
axis  of  symmetry.  The  lateral  curve  of  the  anterior  margin  passes 
insensibly  into  the  front  margin  of  the  lateral  wing ;  the  posterior 
margin  meets  the  posterior  margin  of  the  wing  in  a  rounded 
angle. 

Fig.  2. — Diagram  of  the  Furculum.    (Scale  j.) 

If  one  draws  a  line  from  the  central  point  of  the  curve,  which  we 

have  just  called  a  "  rounded  angle,"  parallel  approximately  to  the 
anterior  margin  of  the  bone,  we  shall  divide  the  body  into  two  parts, 
the  anterior  of  which  is  much  thicker  than  the  posterior,  being  at 
least  1  inch  across  ;  it  is  of  somewhat  dense  or  close  texture  super- 

ficially, but  loose  and  open  in  the  middle  :  the  posterior  part  is  very 
thin,  a  mere  lamella  of  bone.  The  anterior  part  may  be  distin- 

guished as  the  "body"  proper  of  the  bone  ;  the  posterior,  which  is 
divided  into  two  by  its  median  longitudinal  fissure,  is  a  pair  of 

"  lapels ; "  and  thus  with  the  "  wings  "  we  have  five  distinct  re- 
gions present,  but  of  true  sutures  I  cannot  find  a  trace ;  the  whole 

appears  to  be  a  single  piece  of  bone,  though  having  regard  to  the 
great  difficulty  there  often  is  in  discovering  sutures  which  do  really 
exist  in  fossilized  bones,  I  should  not  wish  to  be  thought  too  posi- 

tive on  this  point. 
The  bilateral  symmetry  of  the  bone  and  its  median  longitudinal 
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notches,  point  to  its  connate  nature  ;  its  position  in  front  of  the 
coracoids,  between  the  prescapular  processes  of  the  scapula),  points 
to  its  clavicular  origin  :  I  regard  it  therefore  as  representing  a  pair 
of  fused  clavicles,  which  repeating  the  behaviour  of  the  coracoids, 
have  expanded  into  extensive  plates  over  the  ventral  surface.  An 
interclavicular  element  appears  to  be  absent ;  there  is  no  room  for  it, 
except  in  the  position  conjecturally  assigned  to  it  by  Professor 
Seeley,  who  has  suggested  that  it  forms  the  anterior  middle  part  of 
the  bone.  This,  however,  is  a  position  which  it  occupies  in  no  other 
known  reptile,  as  it  is  always  more  or  less  posterior  instead  of  an- 

terior to  the  clavicles.  Since  writing  the  first  part  of  this  paragraph 
I  have  been  able  to  devote  a  few  minutes  to  an  examination  (which  I 
wish  could  have  been  less  hasty)  of  a  loose  specimen  of  Plesiosaurian 
furculum,  preserved  in  the  British  Museum,  the  same  bone,  I  fancy, 

that  is  figured  as  a  sternum  in  Hawkins's  monograph.  It  certainly 
shows  traces  of  sutures,  and  is  marked  on  the  surface  by  stria?,  which 
appear  to  indicate  a  median  and  lateral  elements.  It  has  a  suggestive 
resemblance  to  the  clavicles  and  interclavicle  of  a  Chelonian  like,  say, 
Trionyx.  But  it  differs  considerably  in  form  and  appearance  from 
the  furculum  of  our  species  ;  so  that  it  is  doubtful  how  far  it  can  be 
used  as  a  guide.  Very  possibly  the  furcula  of  different  Plesiosaurs 
may  differ  in  composition,  as  they  do  in  Birds,  an  interclavicle  being 
sometimes  present  and  sometimes  absent. 

There  is  another  difficulty  attending  the  interpretation  of  the  fur- 
culum ;  and  that  lies  in  its  position  beneath  the  prescapular  ends  of 

the  scapulas,  which  overlap  its  posterior  lapels.  In  all  recent  rep- 
tiles the  clavicles  are  superficial  to  the  scapulas,  while  here  just  the 

reverse  is  the  case.  This  is  proved  by  more  than  one  well-preserved 
specimen  in  the  British  Museum,  showing  the  scapular  processes 

abutting  on  the  body  of  the  furculum,  and  also  by  Lord  Enniskillen's 
specimen  of  P.  macrocephalus,  which  affords  us  a  dorsal  view  of  the 
left  clavicle  overlapping  the  dorsal  surface  of  the  scapula  (fig.  3). 

Fig.  3. — Diagram  slioiving  the  left  side  of  the  Pectoral  Arch  of 
P.  macro cephalus,  seen  from  behind.  (The  wing  of  the  furculum 
conceals  the  termination  of  the  scapula.) 

Cl 

Scv  -/-- 
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This  anomalous  position  I  altogether  fail  to  explain  :  if  the  lapels 
could  be  shown  to  be  precoracoids,  all  would  be  clear ;  but  this  view 
is  not  without  difficulties. 

The  dimensions  of  the  bone  are  given  below : — 
inches. 

Antero-posterior  diameter  in  the  median  line 
(fig.  2,  op)    3-65 

Maximum  antero-posterior  diameter  (ib.  c  d)  6-4 
Antero-posterior  diameter  from  a  tow   5*25 
Breadth  (twice  the  line  IV)   8*6 
Length  of  wing  (g  h)   8*4 
Width  of  anterior  excavation  (eg)    2*55 
Depth  of  anterior  excavation  (ax)    1'05 
Depth  of  posterior  incision    2*1 

The  Coracoids. 

The  coracoids  (fig.  4)  have  the  usual  Plesiosaurian  form,  presenting 
together  a  close  and  almost  ludicrous  resemblance  to  the  front  of  a 
short  jacket. 

Pig.  4. — Diagram  of  the  Right  Coracoid.    (Scale  J.) 

The  inner  margins  of  the  bones  meet  for  half  their  length  in  a 
straight  median  harmonia,  diverging  gently  outwards  from  each  end 
of  it.  The  outer  margin  has  a  simple  concave  sweep  backwards 
behind  the  articulation  for  the  humerus  ;  the  anterior  margin  pro- 

jects in  an  elliptical  curve  in  front,  the  outer  edge  of  the  curve  sink- 
ing into  a  curve  backwards,  which  joins  the  almost  straight  margin 

of  the  scapular  articulation.  The  bone  is  thickest  where  it  furnishes 
the  articulations  for  the  scapula  and  humerus.  Thence  it  continues 
with  only  slightly  diminished  thickness  along  a  ridge  or  keel,  which 
extends  transversely  to  its  inner  margin.  This  ridge,  which  rises 
from  the  ventral  surface  of  the  bone,  and  as  shown  by  a  transverse 
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fracture,  is  scarcely,  if  at  all,  marked  on  the  dorsal  surface,  is  de- 
fined in  front  by  a  curved  line,  which  commences  near  the  anterior 

end  of  the  scapular  articulation,  curves  backwards  to  the  middle  of 
its  course,  and  then  forwards  till  it  ends  against  the  inner  margin  of 
the  bone ;  posteriorly  it  is  defined  by  a  line  very  slightly  curved, 
convex  backwards,  which  commences  from  the  hinder  end  of  the 
humeral  articulation  and  passes  very  slightly  backwards,  also  to  end 
against  the  inner  margin.  From  this  ridge  the  bone  thins  rapidly 
away  in  front  and  behind,  more  rapidly  in  front,  till  it  ends  in  a 
thin  edge. 

The  posterior  region  of  the  right  coracoid  is  traversed  by  several 
lines  of  fracture,  on  one  side  of  which  the  surface  of  the  bone  remains 
higher  than  on  the  other,  and  thus  forms  little  cliffs.  A  broken  sur- 

face, dividing  the  bone  across,  reveals  its  internal  structure,  and  shows 
between  its  dense  outer  layers  a  more  cancellous  open  tissue  in  the 
middle ;  not  only  so,  but  in  some  places  the  middle  of  the  bone  is 
occupied  by  a  layer  of  calcite ;  and  this  is  thicker  on  that  side  of  a 
fracture  where  the  surface  is  higher,  and  thinner  on  that  side  where 
it  is  lower.  This  calcitic  layer  is  probably  due  to  the  replacement 
of  cartilage  ;  and  it  is  thinner  where  the  bone  is  thinner  on  the  side 
of  a  crack,  because  the  cartilage  had  there  been  squeezed  together  by 
pressure  of  overlying  strata. 

The  measurements  of  the  right  coracoid  are  given  below : — 

inches. 
Maximum  length  (fig.  4,  mx)   17*375 
Length  of  harmonia  (ib.  a  p)   10*5 
Breadth  (ib.  tr)    8-6 
Breadth  along  median  ridge  (ib.  h  r)   8*0 Distance  from  anterior  end  of  coracoid  to 

posterior  edge  of  glenoid  cavity  (ib.  mi).  .  10*0 
Length  of  chord  of  anterior  concave  margin 

of  coracoid  (ib.  md)    2'75 
Height  of  arc  of  anterior  concave  margin  of 

coracoid  (ib./)    0-375 
Length  of  articulation  for  the  scapula  (ib.  d  s)  3*3 
Length  of  articulation  for  the  humerus  (ib.  st)  3*2 
Thickness  at  articulation  for  the  humerus. .  1*6 
Length  of  chord  of  posterior  and  outer  lateral 

curve  (ib.  tz)    8*3 
Height  of  arc  of  posterior  and  outer  lateral 

curve  (ib.  n)   2-3 
Length  of  chord  of  posterior  convex  margin 

(ib.  zp)    7-5 
Height  of  arc  of  posterior  convex  margin 

(ib.  o)    3-3 
Thickness  of  median  ridge  where  broken  in 

middle  of  its  course  (left  coracoid)   0-91 
Thickness  of  anterior  region  of  coracoid. . . .  0-25 
Thickness  of  posterior  region  of  coracoid  . .  0*6 
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The  Scapula. 

This  (fig.  5)  consists  of  a  ventral  plate,  from  the  outer  lateral  margin 
of  which  a  lateral  plate  arises  and  ascends  towards  the  dorsal  surface, 
its  plane  being  inclined  to  that  of  the  ventral  plate  at  an  angle  of 

about  90°.  The  ventral  plate  is  longer  than  broad,  thicker  behind 
than  in  front,  truncated  by  a  slightly  convex  edge  anteriorly, 
bounded  by  a  widely  open  Y-shaped  margin  behind,  the  inner  stroke 
(cr)  of  the  "  V  "  representing  its  articulation  with  the  coracoid,  the 
outer  stroke  (r  p)  its  share  in  the  glenoid  cavity  for  the  humerus.  The 

Fig.  5. — Diagram  of  Bight  Scapula.    (Drawn  reversed,  scale  J.) 
a 

inner  lateral  margin  is  concave,  the  outer  straight ;  and  from  along  its 
whole  length  the  lateral  plate  arises.  The  latter  is  like  a  long  sca- 

lene triangle  in  shape,  the  apex  lying  in  front,  the  longest  side  being 
that  common  to  it  and  the  ventral  plate,  and  the  next  longest  its 
outer  edge  ;  the  base  of  the  triangle  is  not  a  straight  line,  but  a  deep 
concave  curve  arising  from  the  anterior  edge  of  the  glenoid  cavity, 
passing  forwards  and  upwards  and  then  backwards  to  the  end  of  the 
outer  edge.  The  lateral  plate,  when  complete,  is  not  bounded  by  a 
simple  outer  or  upper  margin,  as  here  described,  but  is  prolonged 
upwards  along  its  posterior  third  into  a  thin  narrow  ascending  pro- 

cess :  this  process  is  broken  off  both  scapula?  in  our  specimen ;  and 
the  posterior  third  of  the  outer  edge  of  the  lateral  plate  is  conse- 

quently a  surface  of  fracture. 

Dimensions  of  the  Scapula. inches. 

Length  of  outer  edge  of  ventral  plate  (fig.  5,  ap)    8*1 
Breadth  at  distal  end  (ib.  a  b)   2*4 
Length  of  chord  of  concave  inner  margin  (ib.  be)    5*05 
Height  of  arc  of  concave  inner  margin  (ib.  cl)    1*2 
Length  of  articular  surface  for  coracoid  (ib.  cr)   2-2 
Length  of  articular  surface  for  humerus  (ib.  rp)    1»9 
Length  of  chord  of  posterior  concavity  of  ascending  plate 

(ib.  m  n)   2-1 
Height  of  arc  of  posterior  concavity  of  ascending  plate 

(ib.  mn)  ,   1-0 
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Restoration  of  the  Pectoral  Girdle.    (Plate  XXIII.  fig.  3.) 

The  displaced  bones  retain  their  original  outline  so  perfectly,  that 
if  it  were  possible  to  move  them  relatively  to  each  other  into  their 
original  positions  the  pectoral  girdle  would  be  well  restored ;  as, 
however,  the  stony  matrix  in  which  they  are  imbedded  renders  this 
impossible,  I  have  made  careful  outline  drawings  of  the  several 
bones,  and  then  cut  these  out  and  fitted  them  together,  being  guided 
in  doing  so  by  a  direct  study  of  the  bones  themselves.  The  result 
is  given  in  the  diagram  (Plate  XXIII.  fig.  3). 

The  furculum  lies  in  front  in  the  middle  line  ;  and  the  prescapular 
processes  of  the  scapulas  abut  each  on  its  own  side  upon  the  outer 
posterior  border  of  the  furcular  body  proper,  covering  its  wings, 
which  appear  to  lie  in  the  angle  between  the  ascending  scapula  and 
its  prescapular  process.  The  lapels  face  the  anterior  projecting 
convexities  of  the  coiacoids  without  touching  them.  There  is  thus 
produced  a  single  continuous  foramen,  bounded  laterally  by  the 
concave  inner  borders  of  the  scapulas,  anteriorly  by  the  furcular 
lapels,  and  posteriorly  by  the  anterior  margin  of  the  coracoids ;  it  is 
wide  from  side  to  side,  narrow  from  before  backwards,  and  roughly 

resembles  in  form  two  brackets  joined  face  to  face,  thus : — C^!D 
In  the  fact  that  the  foramen  is  not  subdivided  into  two  by  the 

overlapping  of  the  furcular  lapels  b)Tthe  coracoids,  this  species  differs 
from  some  other  species  of  Plesiosaurs  ;  a  corresponding  difference 
is  displayed  in  the  pelvic  arch,  the  foramen  between  the  pubes  and 
ischia,  likewise  double-bracket-shaped,  being  continuous  from  side 
to  side,  and  not  divided  into  two,  as  happens  in  most  other  Plesio- 
saurs. 

The  Humerus. 

The  right  humerus  is  carried  over  to  the  left  side,  and  lies  with 
its  flat  posterior  surface  uppermost  (PI.  XXIII.  fig.  1).  Eor  the  proxi- 

mal third  of  its  length  it  is  a  thick  cylindrical  bone,  with  an  ellip- 
tical transverse  section,  the  major  axis  being  twice  the  length  of  the 

minor  axis  (4  inches  and  2  inches  respectively) ;  it  then  widens  out 
into  a  broad  plate-like  distal  portion  for  the  remaining  two  thirds  of 
its  length.  The  ulnar  margin  is  almost  straight,  only  slightly  convex ; 
the  radial  more  curved  and  concave.  It  is  covered  superficially 
with  irregular  longitudinal  ridges,  more  abundant  on  the  radial  than 
the  ulnar  side,  which  is  almost  smooth,  and  most  marked  near  the 
ends  of  the  bone  ;  at  the  anterior  end  they  become  broken  up  into 
irregular  tubercles. 

The  left  humerus  is  similar  to  the  right ;  but  its  surface  is 
smoother,  and  its  proximal  half  less  elliptical  or  more  circular  in 
section ;  it  begins  to  widen  a  little  past  the  middle  of  its  length, 
widens  and  flattens  then  rapidly,  becoming  very  thin  (5  inch) 
towards  its  distal  edge.  The  more  rapid  expansion  of  the  left  than 
of  the  right  humerus  is  almost  certainly  due  to  compression,  though 
without  the  latter  bone  for  comparison  we  should  have  nothing  to 
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indicate  this ;  hence  a  possibility  to  be  borne  in  mind  in  making 
specific  determinations  of  isolated  bones. 

The  Radius. 

The  right  radius  is  a  straight,  almost  parallel-sided  bone,  elliptical 
in  transverse  section,  truncated  by  slightly  convex  ends  ;  it  has  a 
simpler  outline  than  is  usual  in  Plesiosaurs.  The  left  radius,  which 
has  suffered  more  from  compression,  has  more  of  the  usual  Plesio- 
saurian  outlines  :  its  outer  edge  is  gently  concave,  its  ulnar  margin 
tricurvate,  the  middle  curve  being  concave  inwards ;  and  its  once 
cartilaginous  articular  surfaces  have  been  squeezed  beyond  the  edge 
of  the  flat  surface  of  the  bone.  It  is  much  ridged  longitudinally, 
the  ridges  diverging  a  little  from  the  middle  towards  the  ends. 

Representing  the  length  of  the  humerus  by  100,  that  of  the  radius 
will  be  37 ;  and  this  number  may  be  called  the  humero-radial  index. 
Its  value  for  other  species  is  found  in  the  table  on  page  477.  For 
P.  rostratus  it  will  be  seen  to  be  almost  the  same  as  for  P.  Cony- 
beari. 

Dimensions  of  Humeri,  Radii,  Ulnce,  and  Femora. 

Diameter  of Diameter  at Diameter  of Len 

gth 

head. middle  of  length. distal  p,nd. 
from from  capi- Ea. Ul. A.  P. Ea.  Ul. A.  P. Ea. Ul. A-  P. 

end  to  end. 
tular  ridge 

to  end. 

Humerus : — chord. arc. 
Eight 3-5 

2-9 
3-9 

2-0 6-7 8-2 

1-2  (?) 

14-8 

15  A. 14-25  P. 

Left 
(?)36 3-2 

3-9 
20 

•55 

14-8 

14-8  P. 

Femur : — 
Eight 35 3:6 34 20 6-7 1-2 14-25 

12-  75  M. 
13-  5  A. 

Left 3-5 3-8 
37 

1-6 1-2 
14-37 

13-37 

Eadius  : — 
Eight 3-6 

3-5 

3-75 

07 

5-45 

Left 3:9 0-8 

3-15 0-55 

3-5 3-5 

0-55 

50 

4-75 

Ulna:— 
Eight 2-8 39 

4-85 

6-5 0-7 

5-5 Left 2.8 6;7 37 
47 

6-0 5-6 

Ea.  Ul.  means  from  radial  to  ulnar  margin ;  A.  P.  means  from  anterior  to 
posterior  margin  ;  Chord  means  measured  along  chord  of  curve;  Arc  means 
measured  along  curve  itself.  In  the  last  column  A.,  M.,  P.  mean  measured  to 
anterior,  median,  and  posterior  edge  of  distal  margin  respectively. 

The  Vina. 

The  right  ulna,  like  the  right  radius,  retains  more  of  its  original 
form  than  the  corresponding  bone  on  the  left ;  for  although  its  distal 
two  thirds  are  much  flattened,  its  proximal  third  still  presents  its 
original  thickness. 

This  uncompressed  portion  has  a  smoother  surface  than  the  other, 



FROM  THE  LOWER  LIAS  OP  CHARMOTJTH. 463 

which  is  distinctly  ridged ;  the  entirely  compressed  left  ulna  is 
ridged  all  over ;  and  this  leads  one  to  suggest  that  the  ridges  on  fossil 
bones  may  in  some  cases  have  been  subsequently  produced  by  me- 

chanical pressure.  Let  the  soft  cancellous  interior  of  a  bone  be 
crushed  together,  and  the  denser  outer  layers,  in  adapting  them- 

selves to  a  more  circumscribed  area  under  pressure,  may  possibly 
become  finely  wrinkled,  and  thus  give  rise  to  a  spurious  appearance 
of  ridges. 

Tlie  Carpus. 

The  carpus,  7-25  inches  in  breadth,  consists  of  two  rows  cf  three 
bones  each,  which  diminish  in  size  from  the  ulnare  to  the  radiale. 
They  are  polygonal  bones,  with  the  dimensions  given  in  the  table 
below.  In  the  left  manus  the  distal  row  of  carpal  bones  alone 
bears  the  fingers,  the  radiale  carrying  one,  the  intermedium  and 
ulnare  two  each.  In  the  right  manus  the  ulnare  of  the  proximal 
row  appears  to  bear  one  finger,  the  ulnare  of  the  distal  row  two, 
the  distal  intermedium  one  (but  it  contributes  a  small  facet  for  the 
adjoining  digit  of  the  ulnare),  and  the  distal  radiale,  as  in  the  left 
manus,  one. 

Length. Breadth. 

Eadial. 
Inter- medium. Ulnare. 

Eadial.  In1t.er- 
,  medium. I 

Ulnare. 

Proximal  series... 1-6 

1-8 

23 

14 

2-65 

2-9 
2-15  2-5 

2-1    i  1-8 

2-75 

2-1 

The  Manus. 

The  hand,  where  broadest,  is  8-5  inches  across.  It  consists  of  five 
digits  ;  the  first,  with  five  phalanges,  is  incomplete  in  both  hands ;  the 
rest  are  complete  in  the  left  manus — the  second,  third,  and  fourth 
having  nine,  and  the  fifth  eight  phalanges.  The  third  and  fourth 
fingers  are  the  longest.  The  phalanges  have  the  usual  form,  a 
compressed  hour-glass  outline, — except  the  most  distal,  which  is 
triangular,  and  apparently  equivalent  to  the  proximal  half  of  one 
of  the  other  phalanges,  the  distal  half  being  suppressed :  it  has 
much  the  appearance  of  an  ungual  phalanx,  and  may  very  well 
have  borne  a  nail. 

The  measurements  of  the  phalanges  are  averages  of  those  of  the 
right  and  left  manus,  and  in  the  case  of  the  breadth,  of  the  distal 
and  proximal  ends  of  each  phalanx. 
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Length.  Breadth. 
I.       II.      III.     IV.  v. 

i   1-9  25   30   30  31 
ii   1-8  2-5   2-5   2-6  2"45 
iii   2-9  2-1    21    2-5  24 
iv   1-8  1-75  1-95  1-95  2  0 
v   1-75  2  05  1.7    1-65  1-65 
vi   ?  13    165  1-4  14 
vii   ?  1-3    12    1-2  1-15 
viii   l'O    0-8    1-0  0-45 
ix   0-8   07   06  ... 

1. 
II. 

in. IV. 

v. 1-25 1-15 1-35 1-35 1-75 

1-35 

1-4 

1-25 

11 

1!2 

1-45 

1-4 
1-5 

1-3 
1-25 

1-25 

10 i:i5 

115 

1.1 
09 0-8 

•95 

1-0 

0-8 

0-7 0-72 0-72 0-7 

0-55 

0-55 

045 

0-45 

035 
044 03 0-3 

Total  length  of  1?  17     lg    18.25  16-8 fingers   J 
The  Pelvis. 

A  restoration  of  trie  pelvic  girdle,  obtained  in  the  same  way  as 
that  of  the  pectoral  arch,  is  given  on  PI.  XXIII.  fig.  4. 

The  Pubes  (fig.  6). 

These  are  more  or  less  quadrangular  plates,  which  meet  each  other 
in  a  straight  median  symphysis  along  nearly  their  whole  length. 
The  anterior  margin  is  an  undulating  curve,  with  a  general  direction 
at  right  angles  to  the  symphysial  margin.  The  posterior  margin,  at 
first  a  little  convex,  becomes  concave  for  half  its  length  outwards 
from  the  symphysis,  then  almost  straight  and  parallel  to  the  ante- 

Pig.  6. — Diagram  of  the  Right  Pubis  and  Ischium.    (Scale  g.) 

rior  margin  as  it  articulates  with  the  ischium;  finally  it  curves 
forwards  and  outwards,  to  contribute  its  share  to  the  acetabulum, 
and  joins  the  outer  margin,  which  has  a  slope  obliquely  outwards  as 
it  passes  backwards  from  the  anterior  margin. 
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The  Ischium  (fig.  6). 

This  "  shoulder-of-mutton  "  shaped  bone  meets  its  fellow  for  about 
half  its  length  in  the  median  symphysis.  The  ̂ -shaped  anterior 
margins  of  the  two  ischia  meet  to  form  together  a  bracket-like  out- 

line (■ — v  ')  ;  the  similarly  shaped  posterior  margins  of  the  pubes 
do  the  same ;  and  the  brackets  facing  each  other  give  rise  to  a 
foramen,  which  is  continuous  from  the  pubic  ischial  smyphysis  on 
one  side  to  that  on  the  other.  In  this  character  the  pelvis  resembles 
that  of  Mwcenosaurus,  Seeley,  Q,.  J.  G.  S.  vol.  xxx.  p.  206. 

The  Ilium  (fig.  7). 

The  ilium  has  the  usual  Plesiosaurian  form,  a  central  shaft  with 
expanded  ends,  compressed  in  different  planes,  which  are  inclined  at 
about  a  right  angle  with  each  other. 

Fig.  7. — Diagram  of  Right  Ilium.    (Scale  J.) 

Measurements  of  Pelvic  Bones. 

Length  of  symphysis  (fig.  6,  ap)   5*5 Breadth  of  bone  from  symphysis,  and  along  a  line  at  right  angles  to 
it,  to  anterior  edge  of  acetabulum  (ib.  fl)    8*5 

Maximum  antero-posterior  diameter,  drawn  from  d'    8*1 
Length  of  diagonal  from  inner  anterior  angle  to  anterior  edge  of 

acetabulum  (af)   103 
„  from  inner  anterior  angle  to  posterior  edge  of 

its  share  of  acetabulum  (a  b)   103 
„  from  outer  antero-posterior  to  inner  posterior 

angle  (dp)    9#0 
„        articular  surface  for  acetabulum  (fb)    2*9 
,,  „  ,,      for  ischium  (b  c)   2*3 
„        chord  of  posterior  concavity  (c  N)   3'9 

Height  of  arc  „  „        '    1*25 
Ischium. 

Length  of  symphysis  (a'p',  fig.  6)   5"5  to  60 Breadth  along  a  line  at  right  angles  to  symphysis  to  posterior  edge 
of  acetabulum  (af  F)    7'8 

Length  from  outer  edge  of  its  articulation  with  the  pubis  to  its  pos- 
terior angle  (b  D)    10.1 

Length  from  anterior  inner  angle  to  posterior  angle  (ND)   7*725 
Minimum  diameter  across  "  neck "  {rax)    24 
Length  of  symphysial margin  for  pubis  (be)   2*4 

„       acetabular  margin  (b  F)   2o 
„       chord  of  anterior  concavity  (cN)    3*85 

Height  of  arc  of  anterior  concavity  (x)   1*8 
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Ilium. 

Eight  ilium.    Left  ilium. 
inches.  inches. 

„        distal  (d  d)  
Minimum  diameter  of  shaft  (m  m) 

Length  (J  J,  fig.  7)  
Breadth  of  proximal  end  {p  p) 

6-9  7'2 
2-4  (?)  2-85 2-3  1-9 

10 

Note.— The  proximal  end  of  the  right  ilium  is  slightly  broken,  and  its  distal 
end  compressed,  probably  by  subsequent  pressure. 

These  bones,  which  are  smaller  than  the  humeri,  have  the  arti- 
cular head  well  denned  by  a  sharp  surrounding  ridge  ;  the  articular 

surface  itself  is  deeply  pitted  and  tuberous,  indicating  the  previous 
existence  of  a  thick  covering  of  cartilage  which  has  since  dis- 
appeared. 

The  cylindrical  proximal  end  is  slightly  constricted  below  the 
capitular  ridge  before  it  begins  to  expand.  The  dorsal  and  ven- 

tral margins  are  almost  straight  lines,  or  only  slightly  concave 
curves,  which  diverge  gently  from  the  thick  proximal  to  the  broad 
and  flattened  distal  end.  The  distal  end  is  truncated  by  a  simple 
gently  convex  curve. 

The  surface  of  the  bone  is  roughened  beneath  the  head,  and 
strongly  ridged  at  the  distal  end  with  -  longitudinal  lines,  which 
diverge  in  conformity  with  the  curves  of  the  lateral  margins  of 
the  bone. 

Kemains  of  what  appears  to  be  some  dermal  structure  have  been 
stated  by  previous  writers  to  occur  in  connexion  with  Ichthyosaurus ; 
and  Charles  Moore  in  particular  has  well  described  a  thin  layer 
having  a  wrinkled  surface,  which  invests  a  large  number  of  the 
Ichthyosaurs  in  the  collection  of  the  Bath  Museum ;  but  no  one,  so 
far  as  I  know,  has  made  mention  of  any  similar  investment  in  the 
case  of  Plesiosaurus.  Great  interest  therefore  attaches  to  the 

presence  of  a  thin  brownish  film,  with  characteristic  surface-mark- 
ings, which  coats  a  considerable  portion  of  the  specimen  under  con- 

sideration. 
It  is  best  displayed  on  the  surface  between  the  fortieth  and 

sixtieth  vertebras,  covering  the  bodies,  transverse  processes,  and 
neural  spines  of  the  vertebras,  the  ribs,  and  the  surface  of  stonj- 
matrix  intervening  between  them.  It  also  extends  in  a  band  over 
an  inch  broad,  along  the  distal  ends  of  the  neural  spines,  at  a  little 
distance  from  them  as  now  exposed. 

This  band,  which  seems  to  restore  the  dorsal  outline,  ends  in  the 
pelvic  region,  where  it  covers  the  head  of  the  right  femur,  and 
imbeds  a  small  oblong  bone,  the  smooth  shining  surface  of  which 
is  raised  into  three  parallel  longitudinal  ridges  ;  other  fragments  of 

The  Femora. 

The  Integuments. 
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similar  bone  are  indicated  near  the  same  spot.  Their  presence  can 
scarcely  be  accidental ;  and  they  may  possibly  be  dermal  plates. 
That  they  are  not  found  elsewhere  would  simply  point  to  the 
restricted  distribution  of  dermal  scutes  in  the  species,  they  having 
originally  been  present  in  the  pelvic  region  and  nowhere  else. 
The  thin  film,  however,  has  nothing  of  the  nature  of  scales  and 
scutes,  so  far  as  we  can  see  ;  it  was  a  continuous  membrane,  not  a 
collection  of  separate  individual  structures.  It  can  easily  be 
detached  from  the  underlying  surface,  owing,  it  would  seem,  to  the 
presence  of  a  thin  whitish  layer,  apparently  calcite,  which  is  more 
strongly  adherent  to  the  film  than  to  the  surface  beneath. 

The  surface  of  this  film  is  variously  marked ;  but  all  the  different 
markings  may  be  described  as  essentially  of  the  nature  of 
wrinkles.  In  the  film  of  the  dorsal  band  they  have  the  appear- 

ance of  fine  regular  rounded  ridges,  giving  the  surface  a  re- 
semblance in  some  degree  to  "  corded  silk ;  "  elsewhere,  as  over  the 

bases  of  some  of  the  neural  spines,  the  ridges  lose  to  a  great 
extent  their  straightness  and  regularity,  take  a  tortuous  course, 
though  generally  with  one  prevailing  direction,  and  are  more  appa- 

rently mere  wrinkles ;  but  over  the  greater  part  of  its  extent  an 
additional  feature  presents  itself  in  the  form  of  long,  fine,  parallel 
grooves,  bordered  by  fine  ridge-like  margins,  and  looking  as  though 
they  had  been  scored  by  a  fine  needle:  they  vary  in  distance  from 
each  other ;  but  the  best-marked  are  about  inch  apart.  They  main- 

tain one  general  direction  from  before  backwards  on  the  bodies  of 
the  vertebrae,  the  exposed  outer  sides  of  the  ribs,  and  on  the  stone 
between  them,  from  the  forty-second  to  the  fiftieth  vertebra. 
Between  the  grooves  minute  wrinkles  are  abundant,  mostly  undu- 

lating, sometimes  straight,  not  always  confined  to  the  space  between 
two  grooves,  but  sometimes  crossing  them  without  changing  their 
course ;  they  are  inclined  at  all  angles  to  the  grooves,  but  are 
chiefly  transverse  to  them. 
What  the  precise  nature  of  this  film  may  be  is  by  no  means 

clear.  Prom  its  distribution  one  might  infer  that  it  originally 
formed  a  part  of  the  integumentary  investment.  It  closely  resem- 

bles in  character  the  structure  which  has  been  regarded  by  Mr. 
Moore  as  forming  a  part  of  the  integument  of  IeJithyosaurus,  and 
which  this  acute  observer  has  compared  to  the  wrinkled  surface  of 
the  skin  of  the  Porpoise  *.  The  resemblance  between  this  surface, 
as  seen  in  our  museum-specimens,  and  that  of  the  investing  film 
in  Plesiosaurus  is,  indeed,  great ;  and  if  such  a  skin  were  capable  of 
fossilization,  one  might  fairly  allow  that  Plesiosaurus  had  been 
invested  with  it.  It  is  very  certain  that  the  film  in  our  fossil 
specimen  was  of  a  yielding  flexible  nature,  or  it  could  not  have  so 
neatly  covered  the  exterior  of  the  ribs  and  adapted  itself  to  the 
ends  of  the  transverse  processes  and  the  angles  between  the  neural 
spines  and  the  vertebral  bodies  as  it  has  done. 

*  Som.  Archseol.  &  Nat.  Hist.  Soc.  Proc.  186-566,  p.  179. 
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Classification. 

The  pectoral  arch  in  its  essential  characters  is  truly  Plesiosaurian, 
though  it  differs  from  most  Plesiosaurs  in  the  fact,  if  it  be  a  fact, 
that  the  coracoids  do  not  extend  in  front  so  as  to  overlap  the 
"  lapels  "  of  the  furculum. 

To  make  plain  its  relations  to  other  members  of  the  genus  Plesio- 
saurus,  I  have  constructed  the  following  Table,  in  the  last  four 
columns  of  which  the  distribution  of  the  vertebrae  amongst  the 
various  regions  of  the  spine  is  given  for  each  species. 

In  comparing  the  length  of  the  head  with  that  of  the  neck  (or 
rather  of  the  cervical  series  of  vertebrae)  I  have  uniformly  made  use 
of  the  proportion  : — 

length  of  head  I 

length  of  neck-"  100* 

The  value  found  for  I  may  be  conveniently  called  the  cervico- 
cephalic  index.  This  index  is  given,  for  each  species  in  which  it  has 
been  determined,  in  the  first  column  of  the  Table. 

In  the  second  column  I  have  similarly  compared  the  length  of 
the  head  and  the  dorsal  series  of  vertebrae  (excluding  sacral  vertebrae). 
The  indices  of  this  column  are  dorso-cephalic. 

The  total  length  has  not  been  made  use  of  in  comparison,  since  it 
is  seldom  possible  certainly  to  obtain  it,  and  variations  in  the  length 
of  the  caudal  region  are  of  secondary  value  ;  but  in  the  third  column 
values  are  given  for  the  length  of  the  head  compared  with  the  cer- 
vico-dorsal  series  (exclusive  of  sacral  vertebrae).  To  the  cervico- 
dorsal  cephalic  index  great  value  may  be  attached,  since  it  can 
frequently  be  obtained  and  is  independent  of  any  error  in  the  method 
or  the  practice  of  determining  the  position  of  the  last  cervical  ver- 

tebra. It  is  true  it  may  be  affected  by  a  mistaken  determination  of 
the  first  sacral  vertebra ;  the  sacral  vertebrae,  however,  are  more 
easily  determined  than  the  last  cervical ;  and  an  error  with  regard 
to  them  will  not  cause  a  deficiency  or  excess  of  more  than  one  or 
two  vertebrae  to  the  cervico-dorsal  series,  while  I  am  convinced 
much  larger  errors  have  been  made  with  reference  to  the  number 
of  vertebrae  in  the  cervical  series  ;  and,  finally,  in  comparatively  so 
great  a  length  as  that  of  the  cervico-dorsal  series  one  or  two  vertebrae 
more  or  less  will  have  but  a  trifling  effect  on  the  value  of  the  index 
obtained  from  them.  Another  index  of  some  interest  is  the  cervico- 
dorsal,  obtained  by  referring  the  length  of  the  neck  to  that  of  the 
trunk  taken  as  100. 

The  values  now  given  for  the  various  indices  will  certainly  in 
many  cases  need  revision,  since  the  measurements  on  which  they 
are  founded  are  often  extremely  unsatisfactory.  Sometimes  they  are 
unreliable  or  erroneous,  sometimes  vague  (as  when  the  length  of  the 
"  trunk "  is  given  without  stating  whether  the  sacral  vertebrae  are 
included  or  not,  or  when  the  length  of  one  part  is  given  in  fractions 
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of  another* ;  and  sometimes,  finally,  they  are  not  comparable,  as 
when  in  one  place  the  length  of  the  skull  is  given  (as  it  too  frequently 
is)  as  the  length  of  the  lower  jaw,  while  in  another  it  is  taken  as 
the  length  between  the  end  of  the  snout  and  the  basioccipital. 

On  reference  to  the  Table  it  will  be  seen  that  P.  Conybeari  has  the 
same  number  of  cervical  vertebrae  as  P.  homalospondylus,  but  one 
less  dorsal :  its  head,  however,  is  much  larger  than  that  of  the 
latter  species ;  and  hence  there  is  a  great  difference  in  their  re- 

spective cephalic  indexes.  In  proportion  of  head  to  neck  it  agrees 
exactly  with  P.  Etheridgii,  but  differs  widely  in  the  number  of  cer- 

vical vertebrae.  It  has  also  two  dorsal  vertebrae  fewer ;  and  its  dorsal 
and  cervico-dorsal  cephalic  indexes  are  distinctly  different.  Its 
cervico-dorsal  index  approaches  nearest  to  that  of  P.  HawJcinsii,  in 
which  species  this  index  attains  its  maximum  value. 

Plesiosaurus. 
Cephalic  indexes. Number  of  vertebras. 

Icerrico- 
1 

Humero- Cervico- cephalic. Dorso- cephalic 
Cervico- dorsal 
cephalic. 

Cerv. Dors. Sac. Cau. 
dorsal index. radial index. 

87-6 
58-3 

339 

72-2 

63-9 
511 

28-4 

24 24 
2 

34 

92-3 37-4 

600 
55-5 

28-85 
25 

23 

2 34 

92-6 45-8 
55-5 

416 
24-0 

27 

30 
2 

32 

75-0 
28-5 

megacephalus    . . . 5.33 493 

26-5 

30 
26 2 34 

92-6 33-5 

macrocephalus  ... 
51-2 65-6 28-8 

29 
20 2 

128-0 
310 brachycephalus  . . . 

35-3 

403 

18-8 
31 

24 2 
21 

114-0 33-3 
33-8 29-7 15-8 

33 

25- 

32 

87-5 
34-5 

30-0 
469 

18-3 
31 

23 
2 

156-2 
34-7 

Etheridgii  
24-3 26-0 

125 30 
23 

2 
34 

106-0 

241 

37-4 14-6 
38 21 

2 

5+ 

1530 

37-0 

dolichodeirus 177 
23-6 10-1 

41 
21 

2 

30  -j- 133-3 42-9 
macropterus   

12-8 17-0 
73 

39 
24 1? 

28 

1320 

50-0 

homalospondylus 
10-6 11-1 

5-4 38 
22 

o 1050 

46-0 There  is  a  fine  specimen  of  Plesiosaurus  in  the  British  Museum, 
with  the  MS.  name  P.  laticeps,  Owen,  which  bears  a  close  resem- 

blance to  P.  Conybeari.  Its  pectoral  and  pelvic  girdles  are  well  ex- 
posed on  their  ventral  surface,  and  are  strikingly  similar  in  general 

form  and  arrangement  to  those  parts  in  P.  Conybeari;  the  dimensions 
of  their  component  bones  also  show  a  general  agreement,  as  will  be 
seen  from  the  following  table.  In  each  the  humerus  is  longer  than 
the  femur ;  but  these  bones  are  each  an  inch  shorter  in  P.  laticeps 
than  in  P.  Conybeari. 

*  Thus,  in  his  Monograph  on  Liassic  Reptiles,  Professor  Owen  says  of 
P.  rostratus  that  the  skull  is  f  the  length  of  the  neck.  ISTow  the  skull  is  1  foot  11 
inches  long ;  and  thus  the  length  of  the  neck  should  be  2  feet  6  inches  8  lines. 
But  he  also  says  that  the  length  of  the  neck  is  rather  less  than  ̂   the  length  of  the 
spinal  column ;  as  the  latter  is  9  feet  9  inches  long,  the  neck  should  be  "rather  less  " 
than  3  feet  3  inches  long.  Whereabouts  between  these  two  quantities  is  the 
exact  length  ?  And  would  it  not  seem  to  have  been  easier  to  directly  state  it? 
Unfortunately  the  instance  here  given  does  not  stand  alone. 

Q.  J.  G.  S.  IsTo.  147.  2 1 



470         PEOE.  W.  J.  SOLLAS  ON  A  NEW  SPECIES  OF  PLESI0SACETJ8 

Table  of  Measurements  of  corresponding  Parts  in  P.  laticeps,  Owen, 
M.S.,  and  P.  Conybeari. 

P.  laticeps.  P.  Conybeari. 
inches.  inches. 

Furculum,  length  (a.p.  dia.)    60  6'4 
Coracoid,  length  (maximum)   170  17-37t5 

breadth   80  8'0 
Pubis,  length  of  symphysial  margin  (a.p.  dia.)    65  5*5 

„         „      parallel  to  outer  margin  (a.p.  dia.)    80  8*1 
„         „      oblique  diameter  from  inner  anterior  to 

postero-exterior  angle   100  9*0 
Ischium,  length  (max.  obi.  dia.)   90  10'1 
Humerus,  length   13  5  14*5 
Femur,  length   12-5  135 
Neck,  from  first  cervical  vertebra  to  anterior  edge  of 
furculum   580  780 

Trunk,  from  anterior  edge  of  furculum  to  posterior 
edge  of  pubis    48  0  53*0 

Number  of  cervical  vertebrse  from  first  to  anterior  edge 
of  furculum   27  38 

Length  of  posterior  cervical  vertebra   2'25  2*5 
Length  of  dorsal  vertebra    2'-375  2'65 
The  anterior  end  of  the  head  is  broken  off  and  missing  in  P.  lati- 

ceps ;  so  that  the  cephalic  indexes  cannot  be  determined. 
The  regions  of  its  vertebral  column  cannot  be  clearly  defined, 

since  the  pectoral  and  pelvic  girdles  conceal  to  some  extent  the  ver- 
tebrae beneath  them.  There  is  no  great  difference  in  the  length  of 

the  dorsal  region  of  the  two  species  ;  as  shown  in  the  Table,  in  P. 
Conybeari  it  is  5  inches  longer  than  in  P.  laticeps,  a  difference  which 
may  be  accounted  for  by  supposing  the  furcula  of  the  former  to  be 
displaced  a  little  forwards. 

The  widest  departure  is  seen  in  the  neck,  its  length  being  much 
less  and  the  number  of  its  vertebras  much  fewer  in  P.  laticeps ;  but 
there  is  an  artificial  look  about  the  neck  of  this  specimen  which  leads 
me  to  conjecture  that  some  of  the  cervical  vertebrae  may  be  missing, 
so  that,  if  those  which  remain  were  arranged  as  they  were  first 
found,  several  considerable  lacunas  would  appear  between  them. 

The  lengths  of  the  centra  of  the  cervical  and  dorsal  vertebras 
make  a  close  approximation  in  the  two  species,  P.  laticeps  in  this,  as 
in  several  other  characters  being  a  little  the  smaller.  The  anterior 
cervical  vertebras  of  P.  laticeps  are  rugose  or  tubercular  in  the  same 
fashion  as  those  of  P.  Conybeari. 

Finally,  both  species  come  from  the  same  "  gisement,"  the  Lower Lias  of  Charmouth. 
If  my  conjecture  with  regard  to  the  identity  of  the  two  species 

should  prove  correct  (and  it  will  require  a  closer  examination  of 

Owen's  species  than  I  have  been  able  to  give  it  to  decide  this),  then 
of  course  the  name  "  laticeps  "  will  have  to  be  suppressed.  It  occurs 
in  print  in  the  '  Geological  Magazine,'  vol.  iv.  p.  144,  but  without 
accompanying  diagnosis  or  specific  description. 

One  other  character  of  P.  Conybeari  alone  remains  for  comparison  ; 
and  that  is  the  relative  dimensions  of  its  vertebral  centra.  If  we 
find  the  proportion  of  the  breadth  and  height  of  a  centrum  to  its 
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length  taken  as  100,  we  shall  obtain  its  latitudinal  and  altitudinal 
indices.  These  are  given  in  the  following  Table  for  the  cervical 
vertebrae  of  a  number  of  species.  To  make  their  comparison  of 
value,  corresponding  vertebrae  should  be  selected  for  each  species  ; 
and  for  this  tables  like  that  on  p.  452  would  have  to  be  constructed 
and  discussed.  As  it  is,  I  have  had  to  make  the  best  use  I  could  of 
the  material  ready  to  hand  in  published  papers,  and  to  trust  to  the 
chance  of  different  describers  having  given  measurements  of  an 
average  cervical  vertebra.  Most  of  the  indices  in  the  table  have 
been  derived  from  the  thirteenth  to  the  fifteenth  vertebrae,  and 
probably  are  sufficiently  comparable. 

Plesiosaurus Latitudinal 
index. 

Altitudinal 
index. 
  

Number  of  vertebra. 

Conybeari   
70 

100 XV. 

hoinalospondylus  92 

72 

XIII  &  XIV. 107 
100 

coelospondylus   110 106 

XV. 

112 

84 
XV. 

112 100 Middle. 
113 

101  | 

Average  of  middle  and 
basal  half  of  neck. 

113 
94 

116 
116 

carinatus   120 98 
sp.  from  Aust   123 113 125 

112 validus   127 102 
eleutheraxon  

127 100 
costatus   134 119 

140 109 

140 
116 

pachvomus  142 110 
trigonus  150 120 

169 100 
170 155 

XV. 

It  will  be  seen  that  the  centrum  of  the  fifteenth  vertebra  of  P. 

Conybeari  has  a  lower  latitudinal  index  than  any  other  known  spe- 
cies, while  its  height  remains  about  the  average. 

P.  liomalosponclylus,  which  makes  the  nearest  approach  to  it,  is 
equally  remarkable  for  its  exceptionally  low  altitudinal  index. 

The  compression  which  the  cervical  vertebrae  of  P.  Conybeari  have 
undergone  may  to  some  extent  account  for  the  narrowness  of  their 
centra ;  but  it  cannot  be  altogether  explained  in  this  way,  since  it 
persists  in  a  marked  manner  down  to  the  twenty-eighth  vertebra. 
Moreover  our  measurements  were  taken  from  the  articular  ends  of 
the  centra;  and  these  show  no  obvious  signs  of  compression. 

The  Table  shows  a  general  tendency  in  the  long-necked  species 
towards  a  low  latitudinal  index,  and  in  short-necked  species  towards 
a  high  one ;  but  the  rule  is  subject  to  exceptions,  and  we  have  not 
enough  instances  to  reason  from.  The  latitudinal  has  clearly  a 
greater  range  of  variation  than  the  altitudinal  index. 

2i2 
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Notes  on  Plesiosaurus  megacephalus,  StutcJibury,  and 
P.  brachycephalus,  Owen. 

The  type  specimens  of  these  two  species  are  preserved  in  the 
Bristol  Museum ;  so  that  I  have  had  a  good  opportunity  of  making 
a  close  acquaintance  with  them,  and  have  succeeded  in  elucidating 
some  points  in  their  anatomy  which  were  hitherto  obscure. 

Plesiosatjrtjs  meoacephalus. 

1.  The  Roof  of  the  Mouth. — The  skull  of  this  specimen  lies  on  it3 
dorsal  surface,  separated  from  its  matrix  from  the  snout  to  a  trans- 

verse fracture  which  traverses  it  across  the  orbits.  The  matrix 
has  been  carefully  chiselled  away  from  between  the  rami  of  the 
lower  jaw,  so  as  to  clearly  expose  the  roof  of  the  mouth  and  the 
base  of  the  skull  for  its  entire  length.  The  anterior  part  of  the 
base  (fig.  8),  which  lies  in  front  of  the  fracture  before  mentioned,  is 
by  a  most  lucky  chance  much  better-preserved  than  that  behind,  and 
thus  affords  us  an  opportunity  which  has  long  been  desired  of  ascer- 

taining more  exactly  the  true  nature  of  this  part  of  the  skull. 

Pig.  8. —  Ventral  View  of  the  anterior  Part  of  the  Skull  of 
P.  megacephalus.    (Scale  ̂ .) 

n,  internal  naris ;  /,  palatal  foramen. 

It  presents,  about  2  inches  behind  the  end  of  the  mandibular 

symphysis,  two  oval  foramina  (fig.  8,  n)  longer  than  broad  (1*45  inch 
in  length)  separated  from  each  other  by  a  bone  which  extends  back- 
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wards  in  the  middle  line  and  unites  by  a  splintery  suture  with  the 
palatines  behind.  It  shows  traces  of  a  straight  sutural  union  along  its 
median  antero-posterior  diameter,  and  consists,  without  doubt,  of  the 
connate  vomers.  On  their  outer  margin  the  foramina  are  bounded 
(fig.  9)  for  the  anterior  three  quarters  of  their  extent  by  the  maxillae, 
for  the  remaining  quarter  and  along  their  posterior  margin  by  the 
palatines,  and  along  the  inner  border  (as  before  mentioned)  by  the 
concave  outer  margin  of  the  conjoined  vomers.    The  vomero-palatine 

Fig.  9. — Diagram  showing  the  left  Internal  Naris  of  P.  megacephalus, 
bounded  by  the  Maxilla,  Vomers,  and  Palatine.    (Scale  g.) 

suture  has  more  or  less  the  shape  of  a  W,  as  exposed  on  the  floor 
of  the  skull,  the  apex  of  the  W  being  on  the  median  line,  and 
the  end  of  its  lateral  strokes  cutting  the  inner  posterior  angles  of  the 
foramina. 

The  palatines  extend  backwards  for  some  distance  as  flat,  hori- 
zontal plates,  suturally  united  in  the  middle  line,  and  completely 

roofing  over  the  front  of  the  mouth.  Their  sutural  union  is  inter- 
rupted for  a  part  of  its  course  by  an  elongated  vacant  space  (fig.  8,/) 

which  clearly  corresponds  to  the  palatal  foramen  of  many  Lizards 
(e.  g.  Iguana,  in  which  it  is  well  seen). 

An  oblique  linear  fissure  starting  from  the  middle  of  the  outer 
stroke  of  the  W  of  the  vomero-palatine  suture  runs  on  each  side  out- 

wards and  backwards,  to  disappear  against  the  matrix  bounding  the 
roof  of  the  mouth.  These  fissures  might  easily  be  mistaken  for 
sutures,  in  which  case  they  would  be  regarded  as  indicating  the  line  of 
junction  of  the  palatines;  they  are,  however,  simply  fractures 
which  have  broken  the  palatines  along  a  line  where  they  become 
flanged  upwards  and  outwards  to  join  the  maxillae.  The  fractures 
are,  indeed,  continued  through  the  skull ;  so  that  the  middle  part  of 
it,  included  between  them,  can  be  readily  separated  from  the  outer 
part  on  each  side,  and  the  form  of  the  palatines  and  their  union 
with  the  maxillae  clearly  exposed  (fig.  10). 

Another  fracture  traverses  the  skull  nearly  vertically,  but  oblique 
to  the  axis,  passing  through  one  of  the  external  nares,  and  one  of  the 
oval  foramina,  or  nares,  as  we  may  venture  to  call  them,  before 
mentioned.  This  fracture  shows  (fig.  11)  a  large  central  chamber, 
now  filled  with  the  Lias  limestone ;   it  is  bounded  above  by  the 
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Fig.  10. — Oblique  Fracture .  through  the  SIcull  of  P.  megacephalus, 
showing  the  line  of  union  of  the  maxilla  and  palatine.    (Scale  |.) 

n 

In,  Internal  nasal  passage. 

praemaxillse,  below  by  the  vomers  and  palatines,  and  on  each  side  by 
the  maxillse,  and  also  in  some  parts  of  its  course  by  the  palatines. 

Fig.  11. — Transverse  Fracture  through  the  Skull  o/P.  megacephalus, 
crossing  the  nasal  chambers.    (Scale  |.) 

EN,  external  naris ;  IN,  internal  naris. 

The  vomers  (fig.  11,  Vo)  form  a  trough-shaped  bone  of  considerable 
thickness,  flat  below  but  concave  above,  with  a  low  ridge  on  each  side 
of  the  middle  line  ;  its  sides  extend  upwards,  together  with  a  process 
from  the  palatines,  as  a  curved  wall  for  half  the  height  of  the  central 
chamber,  which  is  thus  divided  through  its  lower  half  into  a  middle 
and  two  lateral  portions.  The  lateral  portions  have  the  appearance 
of  tubes  sloping  downwards  and  forwards.  On  each  side  of  the 
prseniaxillae  the  external  nares  open  freely  into  the  central  chamber ; 
while  the  foramina  on  each  side  of  the  vomers  communicate  with  its 
lateral  passages.  These  passages  are  bounded  externally  by  the 
maxillae,  and  internally,  as  well  as  inferiorly,  by  the  palatines. 

The  oval  foramina  appear  to  represent  the  internal  nares,  since 
they  are  similarly  situated  with  respect  to  the  surrounding  bones  as 
the  posterior  nares  of  many  Lacertilia  ;  and  it  is  with  this  order  that 
Plesiosaurus  stands  in  the  closest  connexion. 
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It  must  be  borne  in  mind,  however,  though.  I  doubt  whether  it  is 
generally  known,  that  the  posterior  nares  by  no  means  occupy 
a  constant  position  in  the  Lacertilia  ;  for  though  they  are  most 
usually  bounded  in  the  manner  above  stated,  they  sometimes  shift 
their  position  backwards  and  open  at  the  back  of  the  palatines.  In 
such  cases,  however,  the  palatines  are  produced  towards  the  middle 
line,  each  along  its  outer  edge,  into  an  underlying  plate,  which  roofs 
over  the  mouth  and  forms  a  floor  to  the  nasal  passages.  A  section 
across  the  Plesiosaurian  skull  might  be  expected,  therefore,  to  give 
some  signs  of  an  inflection  of  the  palatine  bones,  converting  them 
into  incomplete  tubes,  if  such  a  backward  extension  of  the  nasal 
passage  obtained  in  it.  INTo  such  signs,  however,  are  to  be  detected 
in  the  specimens  under  consideration.  A  diagrammatic  sketch  of  a 
fracture  passing  transversely  through  is  given  below  (fig.  12)  ;  it 
shows  plainly  the  outward  and  upward  bend  of  the  palatines,  but 
not  a  trace  of  an  infolding. 

Fig.  12. — Transverse  Section  across  the  Shall  of  P.  megaeephalus, 
showing  the  piloted  plates  flanged  upwards  and  outwards  towards 
the  Maxillos^  hut  not  inflected  to  form  a  nasal  passage. 

It  is  a  fact  too  curious  to  be  passed  over,  however,  that  the 
internal  are  situated  in  advance  of  the  external  nares  of  this 
Plesiosaur,  the  anterior  margin  of  the  latter  being  a  trifle  under 
2*8  inches  behind  that  of  the  former. 

A  transverse  section  through  the  upper  and  lower  jaws  is  given 
in  fig.  13 :  the  upward  flange  of  the  palatine  is  seen  meeting  the 
maxilla ;  and  the  lower  jaw  has  the  usual  reptilian  composition. 

2.  Redetermination  of  the  Number  and  Distribution  of  the  Ver- 
tebrae and  of  the  Length  of  the  Regions  of  the  Spinal  Column. — Of 

cervical  vertebrae,  twenty-nine  are  visible  up  to  the  anterior  edge 
of  the  furculum;  in  all  probability  one  more  lies  beneath  this 
bone ;  and  the  total  number  may  therefore  be  taken  as  thirty. 
In  consequence  of  the  concealment  of  a  large  part  of  the  spine 
beneath  the  pectoral  and  pelvic  girdles,  the  number  of  dorsal 
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Fig.  13. — Transverse  Section  through  the  Jaws  e>/P.  megacephahis. (Scale  J.) 

Ann 

T,  tooth. 

vertebrae  can  only  be  indirectly  arrived  at.  The  total  length  of 
that  part  of  the  vertebral  column  which  lies  between  the  anterior 
edge  of  the  furculum  and  the  posterior  edge  of  the  ischium  is 
70  inches ;  from  this  2-3  inches  must  be  deducted  on  account 
of  the  concealed  last  cervical  vertebra,  and  6*9  inches  for  three  post- 
dorsal  vertebrae  supposed  to  be  concealed  beneath  the  ischium,  two 
of  them  being  sacral  and  one  the  first  caudal.  This  leaves  60*8 
inches  (70-2-3  — 6*9  =  60-8),  which  is  the  length  of  the  dorsal 
region.  Divided  by  2*3,  the  average  length  of  a  dorsal  vertebra,  this 
gives  26-43,  or,  neglecting  the  fraction,  26,  which  is  the  number 
of  vertebrae  in  the  dorsal  series.  These  numbers  are  embodied 
in  the  annexed  Table  (page  477),  in  which  the  measurements  of  a 
number  of  specimens  of  different  species  are  compared  together. 

PlesiosatjPvTjs  brachycephaltjs,  Owen.    (Plate  XXIV.  fig.  2.) 

This  species  has  not  been  figured,  and  has  been  only  partly  described. 
I  do  not  intend  here  to  do  more  than  offer  a  few  observations  upon  it, 
and  to  correct  the  previously  made  measurements. 

1.  The  Skull. — Although  incomplete  and  broken,  the  skull  is  but 
slightly  distorted,  and  presents  several  points  of  interest. 

The  snout  is  broken  away  from  the  rest  of  the  skull,  and  shows 
the  under  surface  perfectly.  It  is  5  inches  long,  and  does  not 
exhibit  the  internal  nares  ;  so  that  they  must  have  been  situated 
further  back.    Its  broken  surface  extends  at  right  angles  to  its  long 
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axis,  and  since  it  has  been  polished  reveals  very  clearly  the  arrange- 
ment of  the  bones  in  this  region  of  the  sknll  (fig.  14). 

Fig  14  — Transverse  Section  through  the  Skull  of  P.  brachycephalus. (Scale  j.) 

Pmac 

The  upper  and  backwardly  prolonged  processes  of  the  prsemaxillse 
are  seen  on  each  side  of  the  middle  line  above,  the  maxilhe  bearing 
teeth  on  each  side,  the  vomers  in  the  middle  line  below  conjoined  to 
form  a  single  trough-shaped  bone  ;  a  plate  of  bone  forming  the  roof 
of  the  mouth  on  each  side  of  the  vomers  is  an  extension  inwards  of 
the  maxillse. 

The  left  orbit  is  complete  and  undistorted  ;  it  is  bounded  by  the 
usual  bones,  the  sutures  between  them  being  exceptionally  plainly 
shown.  An  additional  bone,  which  looks  as  though  it  had  been 
segmented  off  from  the  jugal,  appears,  however,  between  the  jugal 
and  postorbital ;  its  surface  is  marked  in  the  same  way  as  the  jugal ; 
and  it  bears  a  nutritive  foramen,  which  completes  the  ascending 
series  of  these  openings  carried  by  the  jugal.  The  suture  between 
the  two  bones  is  distinct,  however ;  and  the  striations  on  their 
surface  are  so  directed  as  to  indicate  their  separate  nature.  If  a 
posterior  supraorbital  bone  had  worked  its  way  in  between  the  jugal 
and  the  postorbital,  it  would  have  the  position  here  described ;  but 
simulation  of  the  appearance  of  the  jugal  bone  would  remain  unex- 

plained.   Hence  it  seems  best  to  call  it  a  suprajugal. 
The  jugal  and  the  suprajugal  bones  are  not  the  simple  bony  plates 

which  they  appear  to  be  in  a  lateral  view  of  the  skull,  and  as  the 
jugal  really  is  in  recent  Lacertilia.  Both  extend  inwards  behind  the 
orbit  as  a  bony  plate,  which  meets  and  joins  externally  with  a 
similar  expansion  of  the  parietal.  In  this  way  the  orbit  is  com- 

pletely walled  in  behind.  The  maxilla  similarly  extends  inwards  in 
front,  no  doubt  accompanied  by  the  lacrymal ;  and,  below,  a  con- 

tinuous floor  is  afforded  by  the  expanded  palatine.  The  orbit  is 
consequently  very  thoroughly  walled  round. 

The  right  orbit  is  incomplete  ;  and  a  horizontal  fracture  enables  us 
to  remove  the  jugal,  the  only  outer  boundary  bone  of  it  remaining, 
from  the  floor  of  the  skull  below.    The  jugal  thus  removed  is  a 
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triradiate  bone — when  looked  at  from  below,  something  like  the 
letter  j[.  The  crossbar  of  the  T  corresponds  to  the  outer  plate  of 
the  jugal,  the  stem  to  the  process  which  extends  from  it  inwards. 
The  inner  plate  or  process  of  the  jugal  does  not  join  the  outer  bone 
abruptly,  but  curves  outwards  on  each  side  into  it.  Thus  a  trian- 

gular space  of  considerable  size  is  left  at  the  junction  of  the  two 
parts,  or,  in  other  words,  at  the  origin  of  the  inner  plate.  This 
space  is  occupied  by  coarsely  cancellous  bone,  and  lies  immediately 
under  the  nutritive  foramina,  which  occur  on  the  outside  of  the 
proper  jugal  bone.  The  meaning  of  these  foramina  is  thus  made 
clear. 

The  floor  exposed  by  the  removal  of  the  jugal  is  very  difficult 
to  interpret.  Immediately  behind  the  palatine  is  a  narrow  bone, 
transverse  to  the  axis  of  the  skull,  and  apparently  joining  the 
posterior  edge  of  the  palatine.  .Behind  this,  again,  is  a  flat 
parallel-sided  bar  or  lath  of  bone,  projecting  from  the  middle  of  the 
skull  outwards  at  right  angles  to  the  axis ;  it  is  united  by  a  splintery 
suture  with  the  inner  margin  of  a  large  and  important  bone,  which 
extends  backwards,  prolonging  the  line  of  the  maxilla?  towards  the 
quadrate.  It  consists  of  a  vertical  wall-sided  outer  plate,  roughened 
on  the  external  surface  (which  is  a  flat  plane),  and  an  interior 
horizontal  plate,  the  inner  angle  formed  by  the  divergence  of  the  two 
plates  being  neatly  rounded  into  a  concave  curve.  The  inner  margin 
of  the  horizontal  plate  is  a  deeply  concave  curve. 

The  vertical  plate  of  a  bone  having  a  similar  position  is  shown  in 
the  right  side  of  the  ventral  surface  of  a  skull  numbered  14550  in 
the  British  Museum.  I  do  not  know  what  to  make  of  this  bone  ;  but 
it  appears  to  be  that  which  Prof.  Huxley  has  spoken  of  as  quadrato- 
jugal  in  his  paper  on  P.  Etheridgii. 

The  posterior  part  of  the  skull  of  P.  brachyceplialus  covers  over 
the  axis  and  atlas  vertebrae.  It  consists  of  the  parietal  and  the  ends 
of  the  two  bones  which  have  been  called  suprasquamosal.  They 
join  in  a  splintery  suture  over  the  middle  of  the  parietal,  and  appear 
likewise  to  underlap  it  below  ;  so  that  this  bone  appears  to  proceed 
from  between  the  upper  and  lower  tables  of  the  suprasquamosal 
bones.  This  is  a  very  singular  feature ;  but  as  I  have  been  able  to 
examine  this  posterior  fragment  of  the  skull  on  all  sides,  and  partly 
to  take  it  to  pieces,  I  entertain  little  doubt  as  to  its  existence. 

2.  Redetermination  of  Measurements. — Professor  Owen  says  that 
the  vertebrae,  at  least  as  far  as  the  28th,  are  cervical ;  but  a  careful 
examination  leads  me  to  include  the  29th  as  an  indubitable  cervical 
vertebra.  The  succeeding  vertebras  have  lost  a  slice  from  their 
exposed  sides ;  but  there  is  good  reason  to  conclude  that  the  30th 
and  31st  also  belong  to  the  neck.  The  length  of  the  cervical  series 
is,  then,  as  follows  : — 

I  and  II  concealed+lil  to  XXIX  undoubted  cervicals+XXX  and  XXXI  doubtful. 
1-5  inch    +  36  inches  +       3*5  inches 

=41  inches  or  3  feet  5  inches. 
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The  remaining  measurements  are  given  in  the  appended  Table 
(p-477)- 

Geological  Horizon. — Associated  with  this  specimen,  which  came 
from  the  Lias  of  Bitton,  are  some  Ammonites  and  Bhynchonellce, 
which  Mr.  Whidborne  regards  as  A.  Conybeari  and  R.  variabilis ; 
hence  he  refers  it  to  the  A.-Bucklandi  zone. 

In  concluding  this  paper,  I  have  to  offer  my  best  thanks  to 
Mr.  Etheridge  and  Dr.  Henry  Woodward  for  the  kind  assistance 
they  have  given  me  in  many  ways  ;  to  Mr.  Whidborne  I  am  espe- 

cially indebted  for  much  useful  help,  and  particularly  for  his  care 
and  assiduity  m  drawing  up  the  appended  list  of  species,  with  their 
geological  positions,  many  of  which  have  been  determined  by  his 
own  personal  examination  of  the  original  types. 

EXPLANATION  OF  PLATES  XXIII.  &  XXIV. 

Plate  XXIII. 

Plesiosaurus  Conybeari. 
Fig.  1.  Ventral  aspect  of  the  skeleton.    One  twelfth  nat.  size. 

2.  Dorsal  aspect,  showing  the  vertebral  column  from  the  thirty-seventh 
(xxxvn)  to  the  sixty-third  (lxiii)  vertebrae.  About  one  eleventh nat.  size. 

3.  Diagrammatic  restoration  of  the  pectoral  girdle.    One  eighth  nat.  size. 
4.  Diagrammatic  restoration  of  the  pelvic  girdle,  the  ilia  not  being  repre- 

sented.   One  eighth  nat.  size. 

Plate  XXIV. 

Fig.  1.  Skull  of  P.  Conybeari,  left  side.    About  one  fourth  nat.  size. 
2.  Skeleton  of  P.  brachycephalus,  Owen.    About  one  twelfth  nat.  size. 

DlSCTTSSIOK. 

Prof.  Seeley  said  that  without  an  inspection  of  the  evidence 
he  was  not  in  a  position  to  criticise  this  elaborate  paper  ;  but  it 
gave  evidence  of  painstaking  research  of  no  ordinary  kind,  and  he 
congratulated  the  author  upon  what  he  had  put  forward.  He 
thought,  however,  that  a  part  of  the  information  was  not  entirely 
new.  Still  the  species,  he  fully  believed,  was  a  new  one,  as  several 
of  the  characteristics  are  not  found  in  any  other  described  Plesio- 
saur.  He  had  an  impression  that  the  palatal  foramina  described 
by  Prof.  Sollas  were  shown  in  the  species  described  by  Mr.  Stutch- 
bury  fourteen  years  ago  ;  and  he  believed  they  had  been  excavated 
after  that  description  had  been  drawn  up.  As  to  the  Lacertilian 
affinities  of  Plesiosaurus,  he  was  unable  himself,  so  far  as  he  had 
seen,  to  recognize  any  of  importance.  In  some  respects  it  had 
affinities  with  Ichthyosaurs,  Dinosaurs,  and  Crocodiles ;  so  he  thought 
the  Lacertilian  affinities  could  not  be  pressed.  Though  he  dif- 

fered in  some  details,  he  thought  the  paper,  as  a  whole,  was  done 
extremely  well. 
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Prof.  Sollas  expressed  his  sense  of  the  generous  way  in  which 
Prof.  Seeley  had  spoken  of  his  paper.  It  was  impossible  to  write  a 
paper  without  making  use  of  material  already  published;  but  he 
thought  that  there  was  but  little  put  forward  as  new  which  was 
not  really  so  in  his  paper.  He  thought  the  Lacertilian  affinities 
were  extremely  well  marked  in  the  skull  of  Plesiosaurus.  His  de- 

termination of  the  structure  of  the  anterior  part  of  the  roof  of  the 
mouth  in  P.  megacephalus  confirmed  him  in  this  opinion. 
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37.  On  the  Discovery  of  some  Remains  of  Plants  at  the  Base  of  the 
Denbighshire  Grits,  near  Corwen,  North  Wales.  By  Henry 
Hicks,  Esq.,  M.D.,  E.G.S.  Withan  Appendix  by  R.  Etheridge, 
Esq.,  E.R.S.,  Pres.  Geol.  Soc.    (Read  May  25,  1881.) 

[Plate  XXV.] 

In  August  1875,  when  searching  for  fossils  in  the  Pen-y-Glog 
slate-quarry,  which  is  situated  about  two  miles  to  the  east  of  Corwen, 
I  noticed  some  carbonaceous-looking  fragments  and  markings  on  the 
shales  in  association  with  the  massive  grit  beds  towards  the  top  of 
the  quarry,  which  I  thought  at  the  time  might  possibly  be  plant- 
remains.  Last  summer  I  had  another  favourable  opportunity  of 
examining  these  beds ;  and  I  was  fortunate  enough  to  discover 
undoubted  plant-remains  scattered  very  abundantly  over  their 
surfaces.  I  submitted  these  for  further  examination  to  Mr. 
Carruthers,  of  the  British  Museum,  and  had  the  satisfaction  to 
find  that  he  entirely  confirmed  my  views  as  to  their  nature.  He 

said  they  were  undoubtedly  "  angular  fragments  of  plants,"  but  that 
the  specimens  were  not  in  a  sufiiciently  satisfactory  condition  to 
determine  the  actual  plants  to  which  they  belonged.  I  decided, 
therefore,  not  to  bring  the  matter  before  the  Society  until  I  had 
another  opportunity  of  visiting  the  quarry  and  of  endeavouring  to 
procure  more  perfect  specimens.  This  I  was  able  to  do  lately ; 
and  the  additional  materials  now  found  have  proved  to  exhibit 
structures  sufiiciently  well  marked  to  enable  a  very  clear  identifica- 

tion of  several  distinct  plants  to  be  made  out.  The  specimens  have 
been  generally  examined  by  Mr.  Carruthers,  and  some  specially 
by  Mr.  Etheridge  and  Mr.  Newton,  of  the  Jermyn- Street  Museum. 
Amongst  them  have  been  found  numerous  small  spherical  bodies 
identical  in  general  appearance,  and  in  internal  structure,  with  the 
Pachytheca  described  by  Sir  J.  D.  Hooker,  from  the  bone-bed  at 
the  top  of  the  Ludlow  series.  These  are  supposed  to  be  the  remains 
of  spore-cases  of  land  plants  belonging  to  the  order  Lycopodiaceae  ; 
other  specimens  are  supposed  by  Mr.  Carruthers  to  be  the  micro- 

spores, and  others  to  be  fragments  of  the  stems  of  the  same  plants. 
Some  of  the  specimens  would  indicate  the  presence  also  of  plants 
belonging  to  the  genus  Psilophyton.  These,  though  tolerably  abun- 

dant, occur  chiefly  as  carbonaceous  markings,  and  show  little  evi- 
dence of  structure.  The  combined  results  are  sufficient  to  make 

it  clear  that  we  have  here  a  terrestrial  flora  of  a  tolerably  high 
order.  The  majority  of  the  fragments,  however,  belong  to  a  curious 
plant  not  hitherto  found  in  Great  Britain.  It  was  first  discovered 
by  Sir  W.  Logan  in  the  Devonian  rocks,  in  the  peninsula  of  Gaspe, 
Lower  Canada,  and  described  by  Dr.  Dawson,  of  Montreal,  in  the 
Quart.  Journ.  Geol.  Soc.  for  1859,  under  the  name  Prototaxites. 
Dr.  Dawson  described  it  as  a  land  plant  of  large  size,  belonging 
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to  the  Coniferce,  but  yet  differing  from  any  Conifer  known  to  him 
"  in  the  cylindrical  form  and  loose  aggregation  of  the  wood  cells,  as 
seen  in  the  cross  section,  in  which  particular  it  more  nearly  resem- 

bles the  young  succulent  twigs  of  some  modern  Conifers  than  their 
mature  wood."  He  maintained,  however,  that  it  was  an  "  exogenous 
tree,  with  bark,  rings  of  growth,  medullary  rays,  and  well-developed 
though  peculiar  woody  tissue  "*. 

Mr.  Carruthers  subsequently  examined  the  same  plant  and  re-de- 
scribed it  in  an  elaborate  paper  in  the  Monthly  Microscopical  Journal 

for  October  1872,  and  gave  numerous  reasons  for  excluding  it  not  only 
from  the  Coniferse,  but  from  land  plants  altogether,  and  for  placing 
it  in  preference  among  the  Algae.  In  doing  so,  however,  he  said  it 
was  an  "  anomalous  Alga,  and,  indeed,  that  with  the  materials 
known,  it  was  not  possible  to  correlate  it  with  certainty  with  any 

known  group  of  Algae."  The  identity  of  our  plant  with  the  above 
mentioned,  which  was  re-named  by  Mr.  Carruthers  Nematophycus, 
is  placed  beyond  doubt  by  the  following  note  kindly  given  me 
by  Mr.  Carruthers : — 

"  The  slides  prepared  by  Mr.  Newton  show  clearly  that  his  deter- 
mination of  the  fragments  of  charcoal  and  petrified  remains  of  plants 

in  the  Silurian  rocks  which  you  have  found,  belong  to  the  same  type 
of  plants  as  that  discovered  by  Logan  at  Gaspe,  in  beds  which  he 
considered  to  be  of  Devonian  age.  This  was  described  by  Principal 
Dawson  in  the  Quart.  Journ.  Geol.  Soc.  (vol.  xv.)  under  the  name  Pro- 
totaxites  Logani.  I  made  a  careful  examination  of  specimens  which 
I  owed  to  the  kindness  of  Dr.  Dawson,  and  published  the  results  of 
this  examination  in  the  Monthly  Microscopical  Journal,  giving  the 
reasons  for  placing  it  among  cellular  plants  and  naming  it  Nemato- 

phycus Logani.  The  specimens  show  very  distinctly  the  larger 
tubes  of  Nematophycus,  running  generally  in  a  subparallel  direction, 
but  passing  in  and  out  amongst  each  other.  The  walls  are  not  in  juxta- 

position, leaving  free  space  all  around  them,  which  was  occupied,  as 
is  shown  in  the  better-preserved  specimens  from  Gaspe,  with  a  dense 
tissue  of  more  delicate  tubes  of  smaller  dimensions.  That  your  speci- 

mens belong  to  the  plant  called  Nematophycus  I  have  no  doubt.  The 
conditions  under  which  they  are  found  are  very  different  from  those 
described  by  Dr.  Dawson.  His  specimens  were  large  trunks,  some- 

times perfectly  silicified  and  preserving  their  most  minute  structures. 
Your  specimens,  consisting  of  small  fragments,  consequently  supply 
no  help  to  the  further  knowledge  of  this  remarkable  plant,  unless 
the  occurrence  on  the  same  slab,  in  tolerable  abundance,  of  small 
round  bodies  having  the  same  form  and  structure  as  those  found  in 
the  Ludlow  bone-bed,  which  were  figured  and  described  by  Sir  J. 
D.  Hooker  under  the  name  Pachytheca,  indicate  some  possible  re- 

lationship. The  specimens  found  by  you  are  perhaps  smaller  than 
those  from  Ludlow.  They  present  no  indication  of  attachment,  and 
no  evidence  of  their  relation  to  Nematophycus,  except  their  being 
found  together,  which  is  not  always  a  good  basis  for  structural  re- 

*  '  American  Naturalist,'  vol.  v.  p.  245. 
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lafcions  in  fossil  plants.  The  minute  bodies,  aggregated  together, 
which  you  have  also  shown  me  are,  I  believe,  spores  ;  and  as  they 
are  united  in  threes,  they  agree  with  the  forms  of  the  microspores 
of  Lycopodiaceae,  both  recent  and  fossil,  and  testify  to  the  existence 
of  a  dry-land  flora.  Perhaps  some  of  the  anthracite  fragments  may 
belong  to  the  stems  of  the  plants  of  which  these  are  the  reproductive 
organs.  The  ribbon-like  carbonaceous  impressions,  with  a  slender 
axis,  must  have  been  also  dry-land  plants  ;  they  remind  me  of  the 
plants  discovered  and  described  by  Principal  Dawson,  C.M.G.,  as 
Psilojphyton. 

"  "W".  Carruthers."  , 

The  specimens  found,  hitherto,  of  Nematophycus  are  all  in  a  frag- 
mentary condition,  the  largest  pieces  being  generally  under  2  inches 

in  length,  and  a  little  over  half  an  inch  in  thickness.  The  natural 
outline,  however,  is  frequently  preserved;  and  if  the  majority  of  the 
fragments  are  any  guide  to  the  natural  size  of  the  mature  plant,  it 
is  evident  it  must  have  been  small  as  compared  with  the  Devo- 

nian one  of  Sir  W.  Logan,  which  attained  to  over  a  foot  in  diameter. 
That  the  plant  must  have  been  plentiful  at  this  early  period  is  clear 
from  the  very  great  abundance  of  the  fragments  in  some  of  the  beds  ; 
sometimes  so  closely  compressed  together  are  they,  that  they  form 
an  actual  carbonaceous  seam  from  one  to  two  inches  in  thickness. 

The  microscopical  characters  of  this  plant,  which  are  peculiarly 
interesting,  will  be  fully  referred  to  in  the  Appendix  by  Mr. 
Etheridge  *. 

The  discovery  of  Pachytheca  and  other  spore-like  bodies  in  con- 
siderable abundance  in  association  with  NematopJiycus  is  curious,  but, 

as  remarked  by  Mr.  Carruthers,  is  no  direct  evidence  of  their  relation- 
ship. We  know,  moreover,  from  geological  evidence,  that  the  shore- 

line at  the  time  could  not  have  been  very  far  distant,  and  therefore 
that  it  is  quite  possible  there  may  be  here  a  mixture  of  marine  and 
dry-land  plants.  The  broken  condition  of  the  specimens  also  tends 
to  show  that  none  of  them  lived  in  the  actual  positions  in  which  they 
are  now  found,  but  that  they  were  brought  here  by  some  accidental 
cause,  possibly  along  with  a  great  amount  of  sediment,  and  as  the 
result  of  river-floods,  or  of  depression  followed  by  rapid  marine 
denudation. 

The  almost  abrupt  appearance  at  this  horizon  of  massive  beds 
of  grits  upon  fine  muddy  deposits  of  considerable  thickness,  such 
as  the  slates  immediately  below,  evidently  tends  to  show  that  a 
physical  change  was  then  taking  place  in  some  neighbouring  area ; 
but  besides  this  there  is  nothing  to  indicate  a  physical  break  at  this 

point. 

*  Dr.  Dawson,  in  his  reply  to  Mr.  Carruthers,  'Monthly  Microscopical 
Journal,'  1873,  still  insists  on  his  former  diagnoses;  and  in  a  letter  addressed 
to  me,  dated  June  16th,  1881,  in  reference  to  the  published  abstract  of  this  paper, 
says : — "  I  have  perfect  confidence  in  my  genera  Frototaxites,  Nematoxylon,  and 
Celluloxylon,  as  representing  primitive  types  of  land  plants  ;  and  I  maintain  my 
j  udgment  as  to  these  genera,  and  I  believe  it  will  be  vindicated  by  future  dis- 
coveries." 
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In  addition  to  the  above-mentioned  tolerably  well-preserved  plant- 
remains  from  the  shales  associated  with  the  grits,  there  are  un- 

doubted evidences  of  a  still  earlier  and  probably  equally  important 
flora  in  beds  of  slate  at  the  base  of  the  quarry.  Instead,  however, 
of  the  remains  being  preserved  chiefly  in  the  condition  of  mineral 
charcoal,  as  in  the  upper  beds,  they  occur  here  mainly  in  the  state 
of  a  very  pure  anthracite.  At  the  same  horizon  some  large  nodules 
are  seen ;  and  in  the  centre  of  these  anthracite  is  also  occasionally 
found,  evidently  forming  the  nucleus.  From  some  of  the  specimens 
examined,  I  conclude  there  can  be  no  doubt  that  these  plants  must 
have  been  of  considerable  size ;  and  the  amount  of  carbon  left  on 
some  of  the  surfaces,  apparently  from  a  single  fragment  only,  would 
tend  to  show,  as  suggested  by  Mr.  Carruthers,  that  it  must  have  been 
derived  from  vascular  plants.  There  can  be  little  doubt,  therefore, 
that  there  is  in  the  slates  and  nodules,  even  in  the  so-called  Taran- 
non  slates,  very  clear  evidence  of  a  terrestrial  flora  of  considerable 
importance*.  The  anthracite,  as  now  found,  is  usually  broken  into 
innumerable  small  fragments ;  but  it  is  perfectly  clear  that  this  must 
be  due  to  changes  to  which  it  has  been  subjected  since  it  was  de- 

posited— changes  which  also  produced  induration,  cleavage,  and  frac- 
tures in  the  argillaceous  sediments.  The  fissures  in  the  anthra- 

cite, and  in  the  charcoal  in  the  other  beds,  are  generally  filled  by  a 
fibrous  mineral,  which  occurs  here  in  some  places  in  considerable 
abundance.  Mr.  T.  Davis  has  kindly  examined  this,  and  says  that 
it  is  a  "  fibrous  form  of  a  hydrated  magnesian  silicate."  In  other cases  the  fissures  are  filled  with  calcite. 

The  difference  in  the  conditions  of  fossilization  in  which  the 
remains  are  now  found  at  the  two  chief  horizons  may  doubtless  be  to 
a  great  extent  explained  by  taking  into  consideration  the  manner  in 
which  they  were  imbedded  in  the  deposits.  The  thick  grit-beds  were 
evidently  thrown  down  rapidly,  and  covered  over  the  fragments  before 
decomposition  had  taken  place  in  them  to  any  great  extent.  The 
fine  muddy  deposits  which  compose  the  slates  were  evidently  thrown 
down  much  more  slowly,  and  in  a  tolerably  quiet  sea ;  therefore  vege- 

table material  resting  on  the  bottom  would  have  time  to  decompose 
almost  completely  before  it  would  be  sufficiently  covered  over  by  the 
deposits.  To  a  certain  extent  the  same  cause  has  allowed  remains 
of  vascular  plants  only  to  be  preserved,  as  cellular  ones  would  be  too 
readily  and  too  completely  destroyed  to  show  indications  of  their 
presence  in  such  deposits.  This  is,  I  believe,  the  reason  why  re- 

mains of  Algse  are  not  more  frequently  found  in  these  older  rocks, 
and  why  impressions  only  are  seen  in  most  cases. 

The  Pen-y-Grlog  quarry,  where  the  specimens  were  obtained,  has 

*  Since  this  paper  was  read  I  have  received  from  Mr.  Phillips,  the  manager 
of  Pen-y-G-log  quarry,  to  whom  I  am  indebted  for  much  assistance,  specimens 
which  show  clearly  that  plant-remains  occur  in  the  pale  shales  below  the  Den- 

bigh-grit series  in  the  same  state  of  preservation  as  in  the  beds  at  the  top  of 
the  quarry.    These  shales  also  contain  numerous  calcareous  nodules. 

Q.  J.  G.  S.  No.  147.  2  k 
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been  already  referred  to  in  several  papers  read  before  this  Society ; 

and  its  geological  position  is  therefore  well  known.  '  In  the  Survey maps  and  sections  its  horizon  is  given  as  immediately  at  the  base 
of  the  Denbigh-grit  and  Flag  series.  It  is  shown  to  be  separated 
from  the  .Bala  or  Caradoc  beds  by  only  a  very  thin  band  of  shales,  which 
also  contain  plant-remains.  In  the  published  sections  across  this 
neighbourhood  approximate  thicknesses  of  bet  ween  4000  and  5000  feet 

of  beds  belonging  to  the  Denbighshire-grit  and  "Wenlock  series  are shown  to  occur  in  direct  superposition  to  the  beds  in  which  the  plants 
are  found.  None  of  the  beds  belonging  to  the  Ludlow  series  are 
mentioned  as  occurring  in  these  sections,  the  highest  given  being 

"Wenlock :  hence,  if  the  former  were  deposited  in  this  area,  they  have all  been  since  removed  by  denudation. 
The  geological  horizon  of  the  plant-yielding  beds  in  relation  to 

typical  sections  in  other  areas  is  rather  difficult  to  define,  since 
hitherto  the  Denbighshire-grit  series  has  not  been  satisfactorily 
correlated  with  any  other  group.  In  the  Survey  sections  the  true 
Wenlock  beds  are  made  to  come  in  at  an  horizon  somewhere  about 

2000  feet  above  these  beds,  and  to  occupy  the  remainder  of  the  sec- 
tions. The  only  beds  below  the  plant-beds  which  have  been  actually 

correlated  by  their  fossil  contents  with  those  in  other  areas  are  the 
Bala  and  Lower  Llandovery  beds ;  hence,  at  present,  the  evidence 
goes  to  prove  that  they  must  be  older  than  the  Wenlock,  and  newer 

than  the  Lower  Llandovery.  In  Mr.  Ruddy's  paper  *  the  Lower 
Llandovery  beds  are  said  to  be  represented  in  this  area  by  the  Corwen- 
grit  series  of  Prof.  Hughes ;  and  the  latter,  in  summing  up  the 
evidence  as  to  the  succession  in  this  section,  says  it  goes  to  prove : — 
"  that  the  Corwen  grits  are  distinct  from  the  Pen-y-Glog  grits  ;  that 
there  is  more  evidence  of  a  discordancy  at  their  base  than  at  the 
base  of  the  pale  slates  or  the  Pen-y-Glog  grits;  that  there  are 
generally  some  beds  of  conglomerate,  sandstone,  or  limestone  with 
sandstone  on  the  horizon  of  the  Corwen  grits ;  that  the  general 
facies  of  the  few  fossils  obtained  from  these  beds  in  the  district 

examined  is  that  of  May-Hill  rocks  "f . 
He  states,  further,  that  these  Corwen  grits  are  succeeded  by  beds 

which  "  pass  up  into  the  '  pale  slates '  of  the  Survey,  which  in  turn 
pass  up  into  the  striped  flaggy  beds  of  Pen-y-Glog,  on  the  top  of  which 
come  grits,  to  be  referred  to  the  true  Denbigh  Plag  and  Grit  series." 
As  the  latter  are  the  higher  beds  mentioned  where  plants  were 
obtained,  we  have  ample  evidence  of  their  position  in  regard  to  the 
succession  exhibited  here,  both  from  beds  below  and  from  those 
which  rest  upon  them.  In  other  areas  the  position  occupied  here 
by  the  Denbighshire  flag  and  grit  series,  the  pale  slates,  and  the 
Corwen  grits  seems  to  be  chiefly  filled  up  by  the  Llandovery  or  May- 
Hill  group  and  the  Tarannon  slates  :  the  latter,  I  think,  with  the  late 
Mr.  Salter,  however,  should  always  be  included  in  the  May-Hill 

*  Quart.  Journ.  Geol.  Soe.  vol.  xxxv.  p.  200. 
t  Ibid.  vol.  xxxiii.  p.  207. 
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group.  The  accompanying  section  (p.  487)  will  explain  more  fully 
the  succession  in  this  area  and  the  actual  position  of  the  chief  heds 
containing  the  plant-remains. 

The  evidence  of  the  geological  horizon,  derived  from  the  fossils,  is 
at  present  imperfect ;  for  the  animal  remains  found  in  the  slates,  in 
association  with  the  plant-remains,  are  chiefly  Graptolites,  though 
fragments  of  Encrinites,  species  of  OrtJioceras,  and  some  Brachiopods 
are  occasionally  found.  The  following  species  of  Graptolites  were 
recognized  by  Mr.  Hopkinson,  in  a  collection  made  by  him  and  my- 

self at  different  horizons  in  this  quarry  in  1875,  viz.  Cyrto- 
graptus  Murchisoni,  Monograptusjiriodon,  M.  Sedgwickii,  M.  spiralis, 
M.  vomerinus,  M.  Halli,  and  Retiolites  Geinitzianus*. 

These  forms,  he  considered,  were  "  characteristic  of  beds  at  the 
summit  of  the  Coniston  Mudstones,  or  base  of  the  Coniston  Flags 
in  the  Lake  district.    The  abundance  of  Graptolites  found  in  these 
beds  would  tend  to  show  that  the  deposits,  for  the  most  part,  were  • 
thrown  down  in  a  tolerably  quiet  sea. 

It  seems,  therefore,  so  far  as  the  evidence  can  be  read  at  present, 
that  this  immediate  area  was  not  greatly  affected  by  the  physical 
changes  which  occurred  in  the  neighbouring  areas  at  the  close  of 
the  Bala  epoch — that  if  uplifted  above  sea-level,  it  must  have  been 
previous  to  the  deposition  of  the  Corwen  Grits,  as  shown  by  Prof. 
Hughes.  The  physical  break,  therefore,  if  it  exists  here  at  all,  must 
be  placed  at  that  point,  and  not,  as  formerly  supposed,  at  the  base  of 
the  so-called  Tarannon  Shales.  There  is,  however,  no  visible  uncon- 

formity between  the  Lower  and  Upper  Silurians  anywhere  in  the 
sections  in  this  neighbourhood;  and  it  is  quite  possible  that  the  area 
may  have  remained  under  water  during  the  whole  of  the  Mid- 
Silurian  epoch  f.  The  parts  raised  above  sea-level  were  chiefly  to 
the  south-east,  south,  and  north-west  of  this  area.  I  am  inclined  to 
think  that  there  was  not  a  very  extensive  land  area,  but  numerous 
islands,  some  of  them  of  volcanic  origin.  They  reached  undoubtedly 
as  far  as  Shropshire  to  the  S.E.,  and  to  Caernarvonshire  (and  probably 
beyond  it)  to  the  N.W.  There  is  no  satisfactory  evidence  to  show 
that  they  extended  much  further  to  the  S.W.  than  the  neighbour- 

hood of  Builth,  as  the  deposits  apparently  accumulated  uninter- 
ruptedly during  this  time  in  part  at  least  of  Caermarthenshire,  in 

Pembrokeshire,  and  in  Cardiganshire.  This  is  the  only  way  in  which 
we  can  account  for  the  presence  in  those  areas  of  some  thousands  of 

feet  of  beds  between  the  topmost  Bala  and  the  "Wenlock  series,  and 
*  Mr.  C.  Lapworth  has  also  kindly  examined  a  small  collection  made  by  me 

recently  in  the  same  quarry,  and  mentions  the  following  forms  as  recognizable. 
They  were  chiefly  collected  from  the  middle  bands  of  slate  and  above  the  beds 
with  nodules  and  anthracite: — Retiolites  Geinitzianus,  Cyrtograptus  Murchisoni, 
Monograptus  vomerinus,  M.  personatus,  M.  priodon  (and  vars.  riccantonensis, 
Lapw.,  and  Flemingii,  Salt.).  He  states,  as  to  the  correlation  of  these  beds  with 
those  in  other  areas,  that,  so  far  as  the  evidence  derived  from  the  above  Grap- 

tolites can  be  made  out,  they  would  occupy  a  position  equivalent  to  the  "lower 
zones  of  the  Wenlock  shale  of  Shropshire  and  the  west  of  England." t  See  paper  by  author,  Brit.  Assoc.  Eeport,  1875. 
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their  almost  entire  absence  in  the  Longmynd  and  other  districts. 
For  the  same  reason  also  it  mnst  bo  expected  that  a  great  diversity 
will  be  shown  in  the  sediments  belonging  to  this  period  in  different 
areas,  and  particularly  so  in  proportion  as  they  approached  to  or 
were  distant  from  any  of  the  raised  parts.  The  fauna  would  also 
in  consequence  vary  considerably.  For  these  reasons  it  becomes 
difficult  to  correlate  with  any  satisfaction  all  the  beds  which  are 
found  between  the  Hirnant  limestone  of  the  Bala  epoch  and  the  base 
of  the  Wenlock,  which  are  known  in  different  places  chiefly  under 
the  name  of  Llandovery  or  May-Hill,  or  Tarannon,  and  in  the  area 
under  consideration  as  the  Denbigh  Grit  and  Flag  series.  The  con- 

clusions, therefore,  arrived  at  in  regard  to  the  plant-remains  and  the 
geological  horizon  in  which  they  are  found  are: — that  the  age  of  the 
beds  must  be  somewhere  between  the  base  of  the  Wenlock  and  the 

Lower  Llandovery,  probably  not  far  from  the  horizon  of  the  May- 
Hill  beds  (Mid  Silurian)  ;  that  the  plants  did  not  live  on  the  surfaces 
on  which  they  are  now  found ;  that  their  position  here  is  an  acci- 

dental one ;  that  they  were  not  brought  from  a  great  distance,  as 
they  occur  at  several  horizons ;  that  the  shore-line  from  which  they 
were  derived  was  towards  the  south  or  west ;  and  that  the  land 
areas  were  chiefly  formed  towards  the  close  of  the  Bala  epoch. 

If  we  compare  these  plant-remains  with  those  discovered  in  lower 
Palaeozoic  rocks  in  other  areas  in  this  country,  we  do  not  find  so  im- 

portant an  assemblage  anywhere  so  low  in  position,  certainly  not  at 
a  lower  horizon  than  the  Upper  Ludlow  rocks,  and  probably  not 
below  the  Devonian.  It  is  probable  also  that  an  equal  number  of 
important  plants  have  not  been  found  together  at  so  low  a  geological 
horizon  in  any  other  part  of  the  world.  Those  found  in  the  Silu- 

rian rocks  elsewhere  are  : — the  branch  of  a  fern,  described  by  Count 
Saporta  under  the  name  of  Eopteris  Morieri,  discovered  by  Professor 
Moriere  in  the  Middle  Silurian  at  Angers,  France;  the  Glyptoclendron 
of  Prof.  Claypole,  from  the  Clinton  group  of  Ohio,  America ;  and  the 
species  of  Psilophytum,  Annularia,  and  Splwnophyllum  described  by 
Prof.  Lesquereux,  also  from  the  Silurian  rocks  of  Ohio.  It  is  a 
curious  fact  that  in  each  of  these  areas,  in  Britain,  France,  and 
America,  the  land  plants  are  in  a  greatly  broken  condition,  and 
occur  in  association  with  a  marine  fauna. 

Their  geological  position  in  each  country  seems  to  bear  out  the 
view  that  physical  changes  were  taking  place  almost  contempora- 

neously in  Britain,  in  parts  of  the  continent  of  Europe,  and  in 
America  at  this  time.  These  changes,  which  took  place  towards 
and  at  the  close  of  the  Lower- Silurian  (Ordovician)  epoch,  caused 
land  to  be  formed  in  each  of  these  areas  of  greater  extent  than 
could  have  existed  since  the  earliest  Cambrian  times ;  therefore 
it  is  probable  that  unless  we  find  land  plants  in  the  lowest  Cambrian 
deposits,  we  are  not  likely  to  meet  with  them  in  the  intermediate 
groups,  which  appear  to  have  been  deposited  upon  each  other  unin- 

terruptedly. That  there  were  periods  of  shallow  water,  when  de- 
posits were  thrown  down  nearly  at  an  equal  rate  with  the  depression, 
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is  certain  ;  and  marine  plants  probably  lived  in  abundance.  The  cel- 
lular structure  of  the  marine  plants,  however,  rendered  them  so 

readily  liable  to  decomposition,  that  it  is  not  much  to  be  wondered 
at  that  their  remains  are  seldom  found.  The  various  markings 
which  have  been  attributed  to  land  and  marine  plants  in  the  earlier 
rocks  may  in  some  cases  have  been  produced  by  them  ;  but  others, 
as  shown  by  Salter,  must  have  been  tracks  produced  by  worms. 
Of  the  most  important  of  those  about  which  doubt  still  remains  may 
be  mentioned  Eophyton  of  Torell,  from  the  Lower  Cambrian  rocks 
of  Scandinavia,  but  which  I  have  also  found  at  St.  David's.  Oruziana, 
from  the  Lingula-flags  of  North  Wales,  supposed  by  Salter  to  be  a 
worm-track,  I  believe,  from  evidence  I  have  been  collecting  for  some 
time,  will  prove  to  be  an  Alga.  Buihotrephis,  found  in  the  Lingula- 
flags  and  in  the  Arenig  rocks  in  Wales,  and  by  Prof.  Nicholson  in 
the  Skiddaw  Slates  of  Cumberland*,  but  first  discovered  and  de- 

scribed by  Prof.  Hall  in  America,  appears  also  to  be  allied  to  the 
Algae.  Of  Eophyton  ?  eocplanatmn,  which  I  found  in  the  Tremadoc 

rocks  of  St.  David's,  I  fear  the  evidence  is  scarcely  sufficient  to  ally 
it  with  land  plants.  Its  strong  tubular  structure  renders  it  unlike 
any  known  land  plant;  and  the  only  other  fossil  found  yet  to  which 

it  can  be  compared  is  the  Pyritonema  of  Prof.  M'Coy,  placed  by  him 
amongst  the  Zoophytes,  though  its  true  nature  is  still  a  matter  of 
much  doubt. 

Appendix.    By  E.  Etheridge,  Esq.,  F.K.S..  Pres.  Geol.  Soc. 

Early  in  the  present  month  Dr.  Hicks  brought  for  my  inspection 
several  slabs  of  micaceous  sandstone,  having  upon  their  surfaces 
numerous  fragments  of  carbonaceous  matter,  which  possessed  no 
definite  shape  or  apparent  structure.  Their  general  appearance,  in 
some  cases,  was  that  of  decomposed  coniferous  wood,  in  others, 
resembling  bundles  of  finely  striated  black  or  dark-brown  carbon, 
brittle  or  tough,  the  black  portions  being  by  far  the  most  brittle  ; 
the  lighter  and  darker  remains,  however,  undoubtedly  belong  to  the 
same  plant,  but  differently  mineralized.  Hitherto,  in  Britain,  no 
true  plant-remains  are  known  to  occur  below  the  Upper  Ludlow, 
and  the  only  recognized  species  in  that  formation  is  Pachytheca,  or 
Pachy sporangium.  Between  the  Upper  Ludlow  and  the  base  of  the 
Denbighshire  Grits  no  traces  whatever  of  plant-remains  have  yet 
occurred  in  British  Silurian  strata. 

Dr.  Dawson,  as  far  back  as  1859,  in  his  paper  upon  the  "  Possil 
Plants  from  the  Devonian  Bocks  of  Canada"f,  described,  amongst 

*  The  fossils  formerly  placed  by  Prof.  Nicholson  in  the  genus  Buthotrephis, 
from  the  Skiddaw  Slates,  have  been  since  redescribed  by  him  and  Dr.  Dawson 
under  the  generic  name  of  Protanmdaria. 

t  Quart.  Journ.  Geol.  Soc.  vol.  xv.  p.  484. 
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other  things,  a  new  genus  which  he  called  Prototaxites,  and  the 
species  Logani ;  he  considered  this  to  be  the  oldest  known  fossil 
tree  in  America,  and,  as  such,  gave  it  the  name  of  Prototaxites, 
believing  that  it  belonged  to  the  Taxineae.  Subsequently  (1863),  in 
vol.  xix.  of  our  Journal,  he  described  other  fossil  plants  from  the 
Gaspe  Devonians  ;  and  apparently  the  same  or  a  similar  fossil  is  again 
described  under  the  name  of  Nemaioxylon  crassum. 

Specimens  of  this  plant  (Prototaxites)  were  subsequently  examined 
by  Wm.  Carruthers,  Esq.,  E.R.S.,  who  pronounced  it  to  be  a  colossal 
Alga,  or  seaweed,  and  named  it  Nematophycus.  Mr.  Carruthers 
published  an  important  paper  upon  this  plant,  wherein  he  gives  his 
reasons  for  widely  differing  from  Dr.  Dawson  *. 

Immediately  on  the  receipt  of  Dr.  Hicks's  specimens,  and  knowing 
how  large  a  problem  depended  upon  a  right  interpretation  of  the 
structure  and  affinities  of  the  plant-remains,  through  their  strati- 
graphical  position  or  age,  I  at  once  obtained  Mr.  E.  T.  Newton's  aid  in 
preparing  microscopical  sections.  The  result  has  been  in  the  highest 
degree  satisfactory ;  and  he  at  once  determined  these  remains  from 
the  Denbighshire  Grits  of  Pen-y-Glog  to  be  the  Nematophycus  of 
Mr.  Carruthers. 

Mr.  Newton  and  myself  have  microscopically  examined  several 
sections  of  both  the  lighter  and  darker  portions  of  the  carbonaceous 
matter  placed  at  our  disposal  by  Dr.  Hicks ;  and  we  feel  convinced 
that  they  both  present  the  same  structure,  the  difference  seen  being 
almost  wholly  due  to  the  fact  that  the  intensely  opaque  nature  of 
the  carbonaceous  matter  in  the  darker  specimens  obscures  the 

structure.  Mr.  Newton's  observations  were  therefore  made  upon 
the  light-coloured  specimens,  which  we  have  carefully  examined 
together.  When  examined  with  transmitted  light  and  with  a  low 
power,  the  fragments  show  that  the  fibrous  appearance  is  due  to 
a  number  of  dark  rod-like  tubes  or  cells  running  in  a  longitudinal 
direction,  but  in  a  more  or  less  vermiform  or  wavy  manner,  some- 

times closely  packed  together  (fig.  2),  sometimes  more  widely 
separated :  these  tubes  or  cells  have  one  general  direction,  and 
consequently  appear  nearly  parallel ;  but  closer  examination  shows 
that  other  cells  irregularly  curve  in  and  out  of  plane,  and  are  not 
parallel. 

In  many  parts  a  dark  and  apparently  granular  substance  seems 
to  fill  the  tubes,  and  may  be  resolved  into  round  globules  varying  in 
size  (fig.  3). 

In  certain  favourable  spots  some  of  the  tubes  appear  to  be  crossed 
by  very  fine  transverse  lines  (fig.  4)  which  strongly  resemble  spiral 
fibres  ;  these  lines,  however,  may  be  due  to  the  nature  of  the  mineral 
which  fills  the  cells.  On  others  a  network  of  fine  lines  may  be 
seen  spreading  over  the  tubes ;  these  might  be  thought  accidental 
but  for  their  frequent  occurrence.    In  transverse  section  (fig.  1)  the 

*  Trans,  of  the  Royal  Microscopical  Soc,  Monthly  Microscopical  Journal, 
1872. 
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cells  are  more  or  less  circular,  and  are  separated  by  greater  or  less 
interspaces  in  different  parts  of  the  section. 

Compared  with  the  Nematophycus  Logani  as  figured  by  Mr.  Car- 
ruthers,  the  minute  structure  of  these  carbonaceous  fragments  will 
be  found  to  agree  precisely,  with  the  one  exception  that  the  finer 
tubes  or  cells  filling  the  interspaces  between  the  larger  ones,  which 
Mr.  Carruthers  figures  and  describes  in  Nematophycus,  are  not  so 

distinct  in  Dr.  Hicks's  specimens.  The  double  spiral  fibres  figured 
by  Dr.  Dawson  when  he  first  described  his  Prototaocites  {  =  Nema- 

tophycus, Carr.),  are  rather  to  be  referred  to  the  interlacing  cells 
(network  in  Pen-y-Glog  specimens)  than  to  the  fine  spiral  fibres 
seen  in  the  latter  (fig.  4). 

The  rounded  seed-like  bodies  found  with  the  carbonaceous  frag- 
ments are  hollow  and  thick -walled.  In  microscopical  sections  the 

wall  is  found  to  be  composed  of  radiating  fibres  (cells  ?)  arranged 
nearly  parallel  to  each  other  and  slightly  wavy  (fig.  8).  These  cells 
are  irregularly  filled  with  spore-like  bodies.  The  seed-like  bodies 
resemble  the  Pachytheca  from  the  Upper  Ludlow  beds  both  in 
their  outward  form  and  in  the  radiated  structure  of  their  walls. 

The  question  naturally  arises,  Are  the  carbonaceous  fragments 
so  well  known  to  occur  in  the  Ludlow  bed  (Downton  sandstone)  of 
the  same  nature  and  structure  as  the  Denbigshire-grit  specimens  ? 
Mr.  Newton  has  not  been  able  to  obtain  transparent  sections  of  the 
Ludlow  woody  specimens  ;  but,  from  what  little  we  have  been  able 
to  make  out,  these  Ludlow  fragments  likewise  show  tubular  struc- 

ture, but  not  quite  of  the  same  character  as  those  from  Pen-y-Glog. 
On  first  seeing  Dr.  Hicks's  specimens  I  pronounced  the  remains 

to  be  those  of  some  marine  Alga ;  but  T  was  not  then  acquainted 

either  with  Mr.  Carruthers's  paper  on  Nematophycus  or  Dr.  Dawson's 
description  of  Prototaocites,  neither  being  then  known  as  British 
plants  ;  and  no  opportunity  had  occurred  to  me  for  examination. 
The  sections  made  by  Mr.  Newton  reveal  in  the  most  perfect  and 
satisfactory  manner  the  innumerable  vermicular  cellular  filaments 
which  constitute  nearly  the  entire  structure  of  what  must  have  been 
the  stem,  and  also  the  dense  spongy  nature  produced  by  the  smaller 
tubes,  which  seem  to  ramify  irregularly.  The  larger  tubes  are  not 
strictly  parallel  to  each  other,  although  they  run  in  the  same  general 
direction  ;  they  appear  to  be  continuous,  and  their  ends  bluntly 
rounded. 

The  description  of  the  structure  of  Nematophycus,  and  the  discussion 
.of  its  affinities  with  certain  orders  in  the  Chlorospenneae,  are  so  ably 
and  completely  done  by  Mr.  Carruthers,  that  little  is  left  for  further 
description,  especially  as  there  is  no  doubt  whatever  that  the  plant- 
remains  in  the  Denbighshire  Grit  from  Pen-y-Glog  are  unques- 

tionably Nematophycus  of  Carruthers,  and  the  Prototaocites  and 
Nematoocylon  of  Dr.  Dawson,  referred  by  Dr.  Dawson  to  the  Coniferae 
through  the  Taxinese  or  Tews. 

The  fragments,  small  as  they  are,  show  unmistakably  that  we 
have  at  this  low  horizon  the  Gaspe  plant  (Prototaocites)  which  occurs 
in  the  Devonian  rocks  of  America.    This  is  an  important  fact,  as 
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the  so-called  Fucoidal  remains  are  mere  impressions,  and  many,  if 
not  all,  are  trails  or  burrows  of  Annelida. 

The  interest  at  first  attached  to  these  special  remains  was  centred 
in  the  hope  that  they  were  portions  of  terrestrial  vegetation  grow- 

ing on  a  contiguous  land  surface  during  the  deposition  of  the  Den- 
bighshire Grits.  Xow,  however,  we  have  clear  evidence  that  these 

remains,  to  which  we  more  especially  refer,  formed  portions  of  a 
colossal  seaweed  whose  habit  resembled  that  of  the  North-Pacific 
species  of  the  genus  Nereocystis  and  the  arborescent  Lessonice, 
and  probably,  as  Air.  Carruthers  suggests,  the  Macrocystis  pyrifera, 
which  attains  the  length  of  700  feet.  The  arborescent  Lessonice, 
belonging  to  the  natural  order  Laminariaceas,  form  large  submarine 
forests,  the  stems  of  which,  when  dry,  resemble  exogenous  wood, 
owing  to  a  false  exogenous  growth.  This  pseudo-exogenous  struc- 

ture is  well  known  in  many  of  the  Algse.  Mr.  Carruthers  suggests 

that  in  the  arborescent  Lessonice  we  have  a  near'  approach  to  the 
Devonian  Nematophycus  or  Prototaxites.  Many  of  the  stems  in 
Lessonia  measure  a  foot  in  diameter  and  30  feet  in  length.  The 
Laminarice  of  our  own  shores  exhibit  a  pseudo-exogenous  growth ; 
but,  as  is  well  known,  the  difference  in  growth  between  the  Antarctic 
Lessonia  and  the  genus  Laminaria  consists  in  the  "  exogenous  in- 

crease in  Laminaria  being  from  below  upwards,  according  to  the 
growth  of  the  roots,  while  in  the  genus  Lessonia  the  growth  is 

from  above  downwards,  in  proportion  to  the  increase  of  the  leaves"*. 
Macrocystis  belongs  to  the  same  natural  order  (Laminariacese),  but 

possesses  a  different  habit.  I  may  mention  also  D'Urvillea  Harveyi, 
Hook.,  another  of  the  Laminariaceae,  which  possesses  a  stem-struc- 

ture most  closely  resembling  Nematophycus  in  the  vermiform  nature 
of  the  cells  or  tubes,  and  their  irregular  semiparallel  arrangement. 

Dr.  Hooker  describes  and  figures  this  plant  in  his  '  Antarctic  Yoyage,' 
vol.  ii.  t.  165-6  (fig.  2)  ;  a  figure  of  the  longitudinal  structure  of  the 
stem  is  given  on  the  plate.  The  Corwen  Nematopliycus  is  converted 
into  amorphous  silex.  This  condition  interferes  with  the  microscopic 
structure  being  readily  made  out,  giving  apparently  false  lines  across 
the  tubes  or  cells  ;  and  whether  the  spiral  fibres  are  inside  or  out- 

side the  large  tubes,  or  independent  structures  outside,  I  am  unable 
to  say  ;  neither  can  Mr.  Newton  or  myself  clearly  make  out  that  the 
so-called  spiral  fibres  or  concentric  lines  upon  the  tubes  can  be  re- 

solved into  minute  dots.  His  figure  (fig.  4)  is  most  carefully  drawn  ; 
and  one  of  the  tubes  containing  the  globular  bodies  is  also  delicately 
and  similarly  lined.  Fresh  observations  may  enable  us  to  determine 
whether  the  spiral  lines  can  be  resolved  into  dots  or  not.  The  lon- 

gitudinal and  transverse  sections  prepared  by  Mr.  Newton  show 
every  feature  described  by  Mr.  Carruthers  in  his  paper.  The  elon- 

gated cylindrical  cells,  of  two  sizes,  appear  completely  and  irregu- 
larly interwoven,  as  Mr.  Carruthers  well  expresses  it,  into  a  kind  of 

*  Berkeley's  Introduction  to  Cryptoganiic  Botany,  p.  57 ;  Carruthers, Monthly  Microscopical  Journal,  1872,  pp.  170,  171. 
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felted  mass  ;  and  in  the  figure  of  the  longitudinal  structure  of  tho 

stem,  in  D'Urvillea  Harveyi  given  by  Dr.  Hooker  (loc.  cit.)  an  irre- 
gular vermiform  interlacing  and  interweaving  of  the  cells  or  tubes 

is  shown,  remarkably  agreeing  with  the  structure  of  Nematophycus. 
It  would  be  interesting  to  ascertain  if  the  large  round  spore-like 
bodies  (which  are  here  termed  Pachytheca  or  Pachy sporangium,  fig.  7) 
are  the  sporangia  of  Nematophycus :  the  cells  which  radiate  from  the 
central  cavity  are  certainly  filled  with  round  spore-like  bodies  ar- 

ranged in  single  file,  or  disposed  in  such  a  manner  as  to  be  shed  from 
the  periphery  or  circumference  of  the  body  called  Pachytheca.  This 
is  manifest  in  the  structure  of  one  of  these  cut  through  and  shown 
under  the  microscope  (fig.  9).  The  large  tubes  or  cells,  constituting  the 
stem  structure,  which  appear  here  and  there  to  contain  round  spore- 

like bodies  similar  to  these,  do  not  really  do  so ;  they  are,  I  believe,  ac- 
cidentally scattered  here  and  there,  and  appear  to  be  within  rather 

than  upon  the  tubes  in  the  microscopic  sections. 

On  two  of  Dr.  Hicks's  rock  specimens  there  are  singular  honey- 
comb-celled bodies  having  all  the  appearance  of  being  coriaceous  or 

membranous  capsular  bodies,  or  sporangia  ;  the  outer  portion  was 
definitely  composed  of  either  four-  or  six-sided  cells.  This  sac-like 
body  may  have  played  some  part  in  the  history  of  Nematophycus. 
Under  any  circumstances  they  are  worthy  of  notice,  and  are  un- 

doubtedly organic. 
The  plant  called  Prototaxites  by  Dr.  Dawson,  from  the  Gaspe 

beds,  of  Devonian  age,  was  one  of  the  oldest  plants  then  known ;  the 
previously  known  oldest  plants  are  mere  fragments  of  woody  matter  : 
these  occur  with  Pachytheca  in  the  Upper  Ludlow,  of  the  Ludlow 
area  ;  and  no  older  British  rocks  have,  until  now,  yielded  any. 
Looking  at  the  probable  distribution  of  a  marine  flora  the  plants 
composing  which  were  of  such  magnitude  and  probably  widely 
spread  over  the  Devonian  sea-bed,  we  naturally  turn  to  the  origin  or 
source  of  the  Gaspe  Devonian  species.  The  presence  of  Nema- 

tophycus in  the  Denbighshire  Grits  is  proved  by  these  researches  of 
Dr.  Hicks ;  but  no  remains  of  a  similar  kind  have  been  found 
through  the  higher  beds  of  the  Woolhope,  Wenlock,  and  Ludlow 
rocks — except  at  the  close  of  the  Ludlow,  in  the  Down  ton  shales, 
if  the  seed-like  bodies  termed  Pachy sporangium  or  Pachytheca  are 
to  be  regarded  as  portions  of  Nematophycus.  If  they  have  no  relation 
to  each  other,  then  we  have  to  account  for  the  wide  distribution  in 
time  of  both — Nematophycus  from  the  Denbighshire  Grits  to  the 
Devonian,  and  Pachytheca  from  the  Denbighshire  Grits  to  the  Upper 
Ludlow.  We  are  warranted,  I  think,  in  believing  that  there  is  far 
less  chance  of  these  being  one  species  than  modified  descendants 
from  an  older  stock,  the  entire  area  never  having  been  dry  land  at 
one  time  since  the  deposition  of  the  Denbighshire  Grits  ;  I  therefore 
give  this  the  specific  name  Nematophycus  Hicksii.  I  look  forward 
to  finding  the  remains  of  this  group  of  Alga?  in  rocks  of  far  higher 
antiquity  ;  for  it  is  evident  that  marine  plants  of  such  colossal  size 
as  the  Gaspe  species  is  known  to  have  been  could  not  then  have 
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made  their  first  appearance.  Again,  the  habitat  of  Nematojohycus, 
if  it  at  all  resembled  the  present  Lessonice  in  growth  at  the  bottom 
of  the  ocean,  may  have  survived  many  changes  between  land  and 
sea  during  the  deposition  of  the  Upper  Silurian  rocks,  while  yet  the 
sea-bottom  or  bed  of  the  Silurian  Sea  was  never  exposed  or  became 
dry  land.  The  finding  and  determining  the  nature  of  these  remains 
opens  up  a  great  problem,  so  far  as  the  age,  continuity,  and  distribu- 

tion of  Cryptogamic  life  in  palaeozoic  time  is  concerned. 

EXPLANATION  OF  PLATE  XXV. 

Fig.  1.  Nematophycus  Hicksii :  cross  section,  x  200. 
2.  Ditto :  longitudinal  section,  X  200. 
3.  Ditto :  tubes  filled  apparently  with  granular  substance,  X  325. 
4.  Ditto  :  tubes  covered  by  fine  transverse  lines,  X  325. 
5.  Ditto  :  portion  of  stem,  natural  size. 
6.  Ditto  :  fragments,  ditto. 
7.  Pachytheca  :  x  6. 
8.  Ditto :  portion  of  wall,  X  200. 
9.  Ditto :  fibre  in  wail,  X  200. 

10.  Microspores,  probably  of  a  Lycopodiaceous  plant,  X  15. 

Discussion. 

Mr.  Carruthers  spoke  of  the  importance  of  Dr.  Hicks's  discovery, 
and  said  that  after  the  President's  note  it  was  needless  for  him  to 
add  much.  He  had  come  in  the  main  to  the  same  conclusion.  The 
view  of  the  significance  of  the  Pacliythecce  was  interesting  :  but  the 
data  which  had  come  before  himself  hardly  warranted  his  regarding 
them  as  Algae.  He  explained  the  reasons  why  he  was  unable  to 

accept  the  President's  view,  and  agreed  with  that  of  Sir  Joseph 
Hooker — namely,  regarding  them  as  Lycopodiaceous.  He  thought 
also  that  the  signs  of  a  vascular  axis  in  some  of  the  specimens 
proved  a  land-flora ;  also  there  were  some  spores,  not  sporangia, 
which  bore  out  this  view. 

Mr.  Hopkinson  said  that  the  Graptolites  were  partly  Middle 
Silurian  and  partly  Upper  Silurian  forms,  some  being  Llandovery 
species,  here  dying  out,  and  others  Wenlock  species,  first  appearing 
here.  The  change  in  type  seemed  to  imply  an  alteration  in  physical 
conditions. 

Mr.  De  Ranch  referred  to  some  Ludlow  pebbles  at  the  base  of  the 
Carboniferous,  and  said  that  anthracite  occurred  in  beds  of  the  Lake- 
district  of  about  the  same  age. 

Prof.  Duncan  spoke  of  the  good  fortune  which  had  attended  Dr. 

Hicks's  investigations  in  unpromising  ground.  The  cellular  plant 
discovered  by  him  was  a  very  remarkable  one ;  it  reminded  him  of 
Codium.  The  undulated  underpart  of  the  cellulur  structure  was 
very  remarkable,  indicating  a  general  rugosity  or  a  spiral  fibre  ;  that 
fibre  occurred  in  modern  water-plants.  In  one  part  there  was 
something  like  a  dissepiment.  As  in  the  beds  above  the  Gannister, 
there  might  be  a  common  link  here  of  land-  and  water-plants.  He 
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commented  on  Pacliytheea,  and  asked  whether  it  could  have  any 
relation  to  the  floats  in  the  Sargassum.  These  old  plants  seemed 
capable  of  existing  under  conditions  very  similar  to  the  present. 

Mr.  Tawney  said  he  thought  a  L&piclodendron  had  been  found  in 
the  Silurians  of  America. 

Dr.  Hicks  said  that  Saporta  had  described  a  species  from  about 
the  same  horizon,  supposed  to  be  a  mineralized  fern.  He  thought 
that  here  was  an  admixture  of  land-  and  marine  plants,  and  believed 
much  more  would  be  found.  At  present  Nemat&phyeus  was  the 
best  preserved. 
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38.  On  the  Correlation  of  the  Upper  Jurassic  Rocks  of  England 

with  those  of  the  Continent. — Part  I.  The  Paris  Basin.  By 
the  Eev.  J.  F.  Blake,  M.A.,  F.G.S.    (Read  April  27,  1881.) 

[Plate  XXVI.] 

In  former  papers  on  the  Portland  Rocks*,  the  Kimmeridge  Clayf, 
and  the  Corallian  Rocks  J,  as  developed  in  onr  own  country,  it  has 
been  pointed  out  that,  while  the  normal  deposits  of  the  period 
commencing  with  the  Oxford  Clay  and  continuing  to  the  close 
of  the  Jurassic  era  were  essentially  argillaceous,  the  uni- 

formity has  been  broken  by  certain  episodes  which  have  resulted 
in  the  formation  of  distinct  kinds  of  rocks,  but  that,  in  spite  of 
these  episodes,  there  is  a  continuousness  both  in  the  physical  and 
biological  features,  uniting  the  whole  into  one  great  group,  to  which 
the  term  Upper  Jurassic  is  appropriated.  The  present  study  ought 
therefore,  logically,  to  include  a  correlation  of  the  Oxford-Clay  series  ; 
but  though  the  upper  portions  of  that  series  come  to  be  incidentally 
examined,  the  far  wider  range  and  greater  constancy  of  the  lower 
portion  would  render  its  examination  a  more  arduous  and  less 
interesting  task ;  and  it  is  found  convenient  to  have  for  base  a 
thick  mass  of  clay,  which  may  almost  everywhere  be  recognized, 
however  much  the  upper  part  may  be  encroached  upon  lithologically 
by  the  various  preludes  to  the  Corallian  series.  In  point  of  fact, 
the  rocks  hitherto  called  Corallian  in  England  comprise  much  that 
is  placed  in  the  Oxfordian  by  the  French  geologists ;  and  our  corre- 

lation is  therefore  only  stopped  when  the  rocks  universally  called 
Oxfordian  are  reached. 

The  Upper  Jurassic  rocks  of  France  lie  in  two  distinct  areas. 
The  more  northern  is  that  which  is  drained  by  the  Seine  and  the 
Loire  and  smaller  rivers  having  a  similar  direction ;  the  more 
southern  is  a  continuation  of  the  Swiss  Jura,  or  lies  to  the  south  of 
the  central  plateau  of  Auvergne.  The  former  constitutes  the  basin 
of  Paris,  round  which  city  the  Jurassic  rocks  form  an  irregular 
curve ;  and  their  development  in  this  range  forms  the  subject  of  the 
present  study,  the  Upper  Jurassic  rocks  of  other  districts  being 
left  for  a  future  occasion. 

Much  good  work  has  been  done  by  the  French  geologists  in  the 
description  of  the  various  portions  into  which  this  basin  may  be 
divided,  and  in  the  correlation  of  the  rocks  with  one  another,  by 
the  aid  of  which  it  is  possible  for  a  foreigner  to  pass  from  spot  to 
spot,  appreciating,  confirming,  or  even  correcting  the  stratigraphical 
succession  and  its  interpretation.  The  advantage  that  such  a 
student  has  is  that,  instead  of  being  confined  to  one  area,  and 
being  obliged  to  obtain  his  ideas  from  it,  he  can  make  the  several 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  p.  189. 
t  Op.  cit.  vol.  xxxi.  p.  196. 
\  Op.  cit.  vol.  xxxiii.  p.  260. 

Q.  J.  0.  S.  No.  148.  2  l 
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areas  mutually  throw  light  on  each  other,  and  present  a  eomplete 
idea  of  the  whole  and  not  merely  of  isolated  fragments.  Oppel,  in 

his  work  t  Der  Juraformation,'  made  such  a  comparative  study  in 
1860  ;  and  Hebert,  in  his  pamphlet  6  Les  Mers  Anciennes,'  did  the same  for  the  basin  of  Paris  in  1857.  Since  those  dates  much  new 
material  has  accumulated;  and  it  is  possible  also  to  bring  English 
rocks  into  the  comparison.  Hence  several  fresh  questions  have  arisen, 
and  divergences  of  interpretation  have  been  developed,  on  which 
it  is  impossible  to  come  to  any  conclusion  without  a  uniform  and 
comprehensive  study  in  the  localities  themselves,  which  will  usually 
show  that  nature  is  much  more  simple  than  her  various  interpre- 

ters between  them  would  make  her. 
The  following  numbered  list  gives  some  account  of  what  has  been 

written  on  the  Upper  Jurassic  rocks  of  the  Paris  Basin  :- — 

List  of  Works  and  Papers  consulted  on  the  Upper  Jurassic 
Rocks  of  the  Paris  Basin. 

(1)  1825-8.  Caumont.    Explication  de  la  carte  geologique  de  Normandie. 
(2)  1842.  Sauvage  &  Buvignier.    Statistique  mineralogique  et  geologique  du 

departement  des  Ardennes. 
(3)  1844.  Raulin.     Memoire  sur  la  constitution  geologique  du  Sancerrois. 

Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  ii.  p.  84. 
(4)  1844.  Royer.    Note  sur  les  terrains  jurassiques  superieurs  et  moyens  de  la 

Haute  Marne.    Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  ii.  p.  705. 
(5)  1844.  Royer.    Comparaison  des  terrains  jurassiques  de  l'Yonne  avec  ceux de  la  Haute  Marne.    Bull  Soc.  Geol.  Fr.  ser.  2,  vol.  ii.  p.  714. 
(6)  1844.  Cotteau,  Ann.  Stat,  de  l'Yonne,  p.  236. (7)  1846.  Leymerie.    Statistique  du  departement  de  lAube. 
(8)  1847.  Graves.    Essai  sur  la  topographic  geognostique  du  departement  de 

TOise. 

(9)  1847.  Cotteau,  Bull.  Soc.  Sci.  Hist,  et  Nat.  de  l'Yonne,  t.  i.  pp.  23  and  367. 
(10)  1850.  Boulanger  &  Bertera.     Texte  explicatif  de  la  carte  geologique 

du  Cher. 
(11)  1851.  Royer.    Sur  quelques  failles  dans  la  Haute  Marne.    Bull.  Soc.  Geol. 

Fr.  ser.  2,  vol.  viii.  p.  564. 
(12)  1851.  Royer.    Apercu  sur  les  terrains  Corallien  et  Oxfordien  de  la  Haute 

Marne.    Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  viii.  p.  600 
(13)  1852.  Buvignier.   Statistique  Geologique,  Mineralogique,  Minerallurgique 

et  Paleontologique  du  departement  de  la  Meuse. 
(14)  1852.  D'Orbigny.    Cours  elementaire  de  Paleontologie  et  de  Geologie  stra- 

tigraphiques.    Vol.  2. 
(15)  1853.  Raulin.  Sur  1'  Oxford  Clay  du  departement  de  l'Yonne.  Bull.  Soc. Geol.  Fr.  ser.  2,  vol.  x.  p.  485. 
(16)  1855.  Cotteau.     Notice  sur  l'age  des  couches  inferieures  et  moyennes  de 

l'etage  Corallien  du  departement  de  l'Yonne.  Bull.  Soc.  Geol.  Fr.  ser. 2,  vol.  xii.  p.  693. 
(17)  1855.  Manes.    Statistique  geologique  de  la  Charente  Inferieure. 
(18)  1856.  Cotteau.    Compte  Rendu  de  la  session  tenue  par  la  Societe  Geolo- 

gique de  France  le  7  Septembre  a  Joinville  (Haute  Marne). — Compa- 
raison des  terrains  observes  par  la  Societe  avex  ceux  du  departement 

de  l'Yonne.    Bull.  Soc.  Sc.  Hist,  et  Nat.  Yonne. 
(19)  1856.  Reunion  Extraordinaire  de  la  Societe  Geol.  de  France  a  Joinville. 

Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xiii.  p.  787  (Royer). 
(20)  1856.  Buvignier.      Note  sur  les  calcaires  a  Astartes  et  l'etage  jurassique superieur  et  moyen  de  la  Meuse  et  de  la  Haute  Marne.  Bull.  Soc. 

Geol.  Fr.  ser.  2,  vol.  xiii.  p.  843. 
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(21)  1857.  Hebert.    Les  Mers  ancieunes  et  leur  rivages  dans  lebassinde  Paris. 
Part  I.    Terrain  J urassique. 

(22)  1857.  Buvignier.     Observations  sur  le  terrain  jurassique  de  la  partie 
orientaledu  bassinde  Paris.    Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xiv.  p.  595. 

(23)  1858.  Coquand.     Description  geologique  de  l'etage  Purbeckien  dans  les deux  Obarentes.    Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xv.  p.  577. 
(24)  1858.  Coquand.    Statistique  de  la  Charente. 
(25)  1858.  Leymerie  &  Raulin.    Statistique  geologique  du  departement  de 

l'Yonne. 
(26)  1858.  Reunion  extraordinaire  de  la  Societe  Geologique  de  France  a  Nevers 

(Ebray).    Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xv.  p.  680. 
(27)  1858.  Oppel.  Die  Juraf ormation. 
(28)  1860.  Hebert.  Du  terrain  jurassique  superieur  sur  les  cotes  de  la  Manche. 

Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xvii.  p.  300. 
(29)  1861.  Goubert.  Note  sur  le  gisement  de  Glos.  [In  a  "  Note  sur  les  Trigonies 

clavellees  de  l'Oxford  Clay  et  du  Coral  Bag,"  by  M.  Hebert.]  Journ.  de 
Conchyl.  Apr.  1861.  See  also  Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xviii. 
p.  520. 

(30)  1863.  Dollfus.  La  Faune  Kimnieridienne  du  Cap  de  la  Heve. 
(31)  1863.  Hebert.    Observations  Geologiques  sur  quelques  points  du  departe- 

ment de  l'Yonne.    Bull.  Soc.  Sc.  Hist,  et  Nat.  Yonne,  1863. 
(32)  1864.  Ebray.    Etudes  Paleontologiques  sur  le  departement  de  la  Nievre. 
(33)  1865.  Rigaux.    Notice  stratigraphique  sur  le  Bas-Boulonnais.    Bull.  Soc. 

Acad.  Boulogne. 
(34)  1865.  Cotteau.    Deux  jours  d'excursion  dans  le  terrain  jurassique  de3 environs  de  Tonnerre  (Yonne).  Bull.  Soc.  Sc.  Hist,  et  Nat.  Yonne,  1865. 
(35)  1865.  Waagen.  Versuch  einer  allgemeinen  Classification  der  Schichten  des 

oberen  Jura. 
(36)  1866.  Pellat.     Notes  sur  les  assises  superieures  du  terrain  jurassique  de 

Boulogne-sur-Mer,  &c.    Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xxiii.  p.  193. 
(37)  1866.  Hebert.    Note  sur  le  terrain  jurassique  du  Boulonnais.    Bull.  Soc. 

Geol.  Fr.  ser.  2,  vol.  xxiii.  p.  216. 
(38)  1866.  SjEmann.    Observations  sur  les  communications  precedentes,  I.  c. 

p.  246. 
(39)  1866.  De  Loriol  &  Pellat.    Monographic  paleontologique  et  geologique 

de  l'etage  Portlandien  des  environs  de  Boulogne-sur-Mer.  Mem.  Soc. 
Phys.  Geneve,  torn.  xix. 

(40)  1867.  Tombeck.    Note  sur  l'etage  Portlandien  de  la  Haute  Marne  et  son parallelisme  avec  celui  du  Boulonnais.  Bull.  Soc.  Geol.  Fr.  ser.  2, 
vol.  xxiv,  p.  187. 

(41)  1868.  Pellat.    Observations  sur  quelques  assises  du  terrain  jurassique 
superieur  du  Bas-Boulonnais.  Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xxv. 
p.  196. 

(42)  1868.  De  Loriol  &  Cotteau.   Monographie  paleontologique  et  geologique 
de  l'etage  Portlandien  du  departement  de  l'Yonne.  Bull.  Soc.  Sc.  Hist, et  Nat.  Yonne,  ser.  2,  torn.  i. 

(43)  1868.  Cotteau.    Nouvelles  observations  sur  le  terrain  jurassique  des  en- virons de  Tonnerre.    Bull.  Soc.  Sc.  Hist,  et  Nat.  Yonne.  ser.  2,  torn.  ii. 
(44)  1868.  Tombeck.     Note  sur  le  terrain  Portlandien  de  la  Haute  Marne. 

Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xxv.  p.  456. 
(45)  1868.  Tombeck.    Note  sur  les  terrains  Corallien  et  Kimmeridien  de  la 

Haute  Marne.    Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xxv.  p.  458. 
(46)  1870.  Pellat.   Sur  l'etage  Portlandien  du  Pays  de  Bray.   Bull.  Soc.  Geol. Fr.  ser.  2,  vol.  xxvii.  p.  683. 
(47)  1870.  Pellat.    Nouvelles  observations  sur  quelques  assises  du  terrain 

jurassique  superieur  du  Boulonnais.  Bull.  Soc.  Geol.  Fr.  ser.  2, 
vol.  xxvii.  p.  683. 

(48)  1870.  Tombeck.    Sur  les  etages  jurassiques  superieurs  de  la  Haute  Marne. 
Bull.  Soc.  Geol.  Fr.  ser.  2,  vol.  xxvii.  p.  687. 

(49)  1870.  Lennier.    Etudes  Geologiques  et  Paleontologiques  de  la  Haute 
Normandie. 
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(50)  1872.  De  Loriol,  Royer,  &  Tombeck.  Monographie  des  etages  jurassiques 
superieurs  de  la  Haute  Marne.    Mem.  Soc.  Linn.  Norm.  vol.  xvi. 

(51)  1872.  Sauvage.    Note  sur  la  position  des  couches  a  polypiers  et  a  Terebra- 
tula  insignis  dans  le  Boulonnais.  Bull.  Soc.  Geol.  Fr.  ser.  2.  vol.  xxix. 
p.  215. 

(52)  1872.  Pell  at.    Observations  en  reponse  a  la  communication  de  M.  Sau- 
vage sur  la  position  stratigraphique  des  calcaires  du  Mont  des  Boucards. 

Ibid.  p.  223. 
(53)  1873.  Kigaux.  Notes  pour  servir  a  la  geologie  du  Boulonnais.  I.  Notes  sur 

quelques  sondages.    Bull.  Soc.  Acad.  Boulogne. 
(54)  1873.  Hebert.    Note  additionelle  a  la  communication  relative  a,  l'etage Tithonique.    Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  i.  p.  67. 
(55)  1873.  Tombeck.    Note  sur  l'Oxfordien  et  le  Corallien  de  la  Haute  Marne. Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  i.  p.  335. 
(56)  1874.  De  Loriol  &  Pellat.    Monographie  Paleontologique  et  Geologique 

des  etages  superieurs  de  la  formation  jurassique  des  environs  de  Boulogne- 
sur-Mer.    Part  i.    Mem.  Soc.  Phys.  Geneve,  torn,  xxiii.  p.  253. 

(57)  1874.  Tombeck.    Note  sur  l'Oxfordien  et  le  Corallien  de  la  Haute  Marne. Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  ii.  p.  14. 
(58)  1874.  Tombeck.    Note  sur  une  excursion  geologique  faite  au  travers  des 

terrains  Coralliens  et  Oxfordiens  de  la  Haute  Marne.  Bull.  Soc.  Geol. 
Fr.  ser.  3,  vol.  ii.  p.  251. 

(59)  1874.  Bayan.    Sur  la  succession  des  assises  et  des  faunes  dans  les  terrains 
jurassiques  superieurs.  Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  ii.  p.  316. 
Followed  by  observations  by  Tombeck  and  Pellat.    Ibid.  p.  343. 

(60)  1875.  Douville  &  Jourdy.    Note  sur  la  partie  moyenne  du  terrain  juras- 
sique dans  le  Berry.    Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  iii.  p.  93. 

(61)  1876.  Le  Loriol  &  Pellat.  Monographie,  &c.  des  et.  sup.  jur.  de  Boulogne. 
Part  ii.    Mem.  Soc.  Phys.  Geneve,  torn.  xxiv.  p.  1. 

(62)  1876.  Pellat.  Emersion  du  sud  et  de  Test  du  bassin  Parisien  a  la  fin  dela 
periode  jurassique,  et  extension  de  la  limite  inferieure  de  l'etage  Port- landien  du  Boulonnais.    Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  iv.  p.  364. 

(63)  1876.    Tkibolet.    Sur  les  terrains  jurassiques  superieurs  de  la  Haute 
Marne  compares  a,  ceux  du  Jura  suisse  et  frangais.  Bull.  Soc.  Geol.  Fr. 
ser.  3,  vol.  iv.  p.  259. 

(64)  1876.  Tombeck.    Note  sur  le  Corallien  et  l'Argovien  de  la  Haute  Marne. Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  iv.  p.  162. 
(65)  1877.  Tombeck.    Corallien  de  la  Haute  Marne.    Bull.  Soc.  Geol.  Fr.  ser.  3, 

vol.  v.  p.  24. 
(66)  1878.  Tombeck.  Sur  la  position  vraie  de  la  zone  a  Ammonites  tenuilobatus 

dans  la  Haute  Marne  et  ailleurs.  Bull.  Soc.  Geol.  Fr.  ser.  3,  vol.  vi.  p.  6. 
(67)  1878.  Struckmann.    Der  obere  Jura  der  Umgegend  von  Hannover. 
(68)  1878.  Pellat.    Resume  d'une  description  du  terrain  jurassique  superieur du  Bas  Boulonnais,  &c. 
(69)  1879.  De  Lapparent.    Le  Pays  de  Bray. 
(70)  1879.  Tombeck.     Reponse  aux  observations  de  M.  Buvignier.    Bull.  Soc. 

Geol.  Fr.  ser.  3,  vol.  vi.  p.  310. 

On  studying  these  writings  it  soon  becomes  obvious  not  only  that 
questions  of  theory  are  in  dispute,  but  that  facts  are  variously 
stated  also,  and  that  the  latter  must  first  be  settled  before  the 
former  can  have  a  solid  foundation.  The  study  therefore  becomes 
divided  into  two  parts : — first,  observations  made  for  the  verification 
or  modification  of  the  accounts  of  the  true  sequence  in  the  various 
areas ;  and,  secondly,  discussion  of  the  opinions  expressed  on  the 
relations  and  groupings  of  the  rocks,  with  special  reference  to  the 
equivalents  in  our  own  country. 

Within  the  area  here  spoken  of  as  the  Paris  Basin  there  are  five 
ranges,  of  very  unequal  size  and  importance,  separated  from  each 
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other  by  intervals  in  which  older  or  newer  rocks  occupy  the  surface 
of  the  ground.    These  are 

I.  From  the  Ardennes  to  the  Cher. 
II.  The  two  Charentes. 

III.  Normandy,  with  Orne  and  Sarthe. 
IV.  The  Pays  de  Bray. 
Y.  The  Boulonnais. 

The  first-named  district,  though  not  the  nearest  to  England,  nor 
presenting  characters  most  similar  to  those  of  our  own  country,  yet, 
from  its  large  size,  the  continuousness  of  its  deposits  and  the  labour 
that  has  been  bestowed  upon  them,  presents  itself  as  the  most  typi- 

cal for  France,  and  the  one  therefore  to  be  studied  first,  so  that  we 
may  better  understand  the  last  three,  which  in  some  sense  are  in- 

termediate between  the  French  and  English  types. 

I.  From  the  Ardennes  to  the  Cher. 

Although  this  range  has  been  studied  continuously  from  one  end 
to  the  other,  it  is  necessary  in  description  to  subdivide  it  into  those 
smaller  areas  which  have  been  made  the  subjects  of  special  mono- 

graphs by  French  geologists. 
1.  The  Ardennes  Department. — The  rocks  of  this  area  have  received 

illustration  at  the  hands  of  MM.  Sauvage  and  Buvignier  (2)  *,  who 
give  the  following  classification 

1.  Upper  Group. 
a.  Marls  with  Exogyra  virgula,  160  ft. 
b.  Calcaire  a  Astartes,  21  ft. 

2.  Coral  Rag,  250  ft. 
3.  Oxpordian. 

a.  Ferruginous  oolite,  28  ft. 
b.  Marls  and  limestones,  300  ft. 

(l)  Shelly  siliceous  limestone,  (2)  marls,  (3)  ironstone. 
c.  Lower  marls  with  ironstone,  30  ft. 

Commencing  this  series  from  the  base,  3  c  may  be  passed  over  as 
Callovian,  while  3  b  (2)  and  (3),  forming  the  great  mass  of  the  300  ft. 
and  occupying  the  valleys,  will  represent  the  undoubted  Oxford  Clay. 
The  series  3  b  (1)  then  commences  the  group  of  rocks  now  under 

study.  If  for  "siliceous  limestone"  we  read  its  equivalent,  "  calca- 
reous grit,"  we  have  the  term  which  will  exactly  suit  the  English 

geologist,  who  at  once  recognizes  in  it  a  representative  of  his  '  Lower 
Calcareous  Grit.'  At  the  base,  as  seen  in  quarries  on  the  road  from 
the  station  of  Launois  to  Neuvizy,  is  hard  blue  calc-grit ;  and  above 
this,  nodular  beds  of  grit  in  a  subargillaceous  matrix.  Some  of 
these  are  very  light,  like  the  Upper  Calcareous  Grit  of  Yorkshire,  and 
are  said  by  Sauvage  and  Buvignier  to  be  soluble  in  potash,  indicating 
a  possible  organic  origin,  like  the  Renulina-grits  of  Scarborough  ; 
the  fossils,  however,  are  in  some  cases  '  beekized.'  These  nodular 
beds,  which  begin  to  present  some  of  that  peculiar  feature  indicated 

*  See  list  of  works  above. 
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Pig.  1. — Map  of  Country  near  Neuvizy.    (Scale  1  :  80,000.) 

by  the  term  '  terrain  a  chailles'**,  contain  a  characteristic  fauna,  viz. 
Ammonites  cordatus,  Modiola  bipartita,  Perna  quadrata,  Pecten  ji- 
brosus,Aviculaexpansa,  Exogyra  spiralis,  Ostrea  dilatata,  0.  rastellaris 
Bhynehonella  Thurmanni,  and  several  others  less  certainly  identified, 
but  all  indicating  a  horizon  similar  to  that  of  the  No  the  grits  and 
clays  or  of  the  Lower  Calcareons  Grit  of  Yorkshire.  At  the  top  this 
series  becomes  much  more  calcareous,  and  finally  contains  abundant 
oolitic  grains,  while  a  change  of  fauna  takes  place.  This  has  been 
very  imperfectly  examined ;  but  the  three  chief  species  are  Ammo- 

*  This  term  "  terrain  a  chailles"  is  a  misleading  one.  It  is  often  used  as  if 
indicating  a  fixed  horizon  ;  but  it  appears  from  French  writers  that  there  is  one 
of  these  '  terrains '  in  the  Oallovian,  another  in  the  Oxfordian  (the  present 
one),  and  a  third  in  the  Corailian ;  so  that  it  is  really  a  mere  petrologieal  phrase 
similar  to  "  nodular  beds  ". 
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nites  cculatus  of  the  variety  called  A.  Bachianus,  Oppel,  Trigonia 

spinifera,  d'Orb.  (Prodr.),  and  RhynclionelTa  Thurmanni.  The  Tri- 
gonia is  specially  noticeable  :  it  has  been  found  by  Air.  Hudleston  at 

Snainton  in  Yorkshire,  in  a  quarry  belonging  to  the  passage  beds 
above  the  Lower  Calcareous  Grit,  and  named  by  Dr.  Lycett  T.  snain- 
tonensis ;  but,  though  never  figured  by  the  French  geologists,  it  seems 
to  be  abundant  in  the  Ardennes  department,  and  occurs  on  the  same 
horizon  in  the  Vosges.  The  Ammonite  serves  to  show  how  essen- 

tially Oxfordian  these  beds  still  are.  Their  total  thickness  is  about 
50  feet. 

Next  in  the  series  is  the  Ferruginous  Oolite,  which,  from  its  easily 
recognized  mineral  character  and  its  rich  fauna,  has  attracted  con- 

siderable attention,  and  has  been  constantly  used  by  authors  as  a 
term  of  comparison  for  beds  in  other  districts.  It  is  of  no  great 
thickness,  28  feet  being  given  as  its  maximum.  At  Tieil-St.-Kenry  it 
is  an  earthy  limestone  with  scattered  oolitic  grains  of  limonite  and 
crowded  with  fossils. 

At  !Neuvizy  almost  every  thing  but  the  oolite  grains  has  been  dis- 
solved, and  these  remain  as  a  loose  deposit  containing  '  beekized ' 

fossils  with  vacuous  interiors.  The  latter  character,  however,  is 
exceptional,  as  the  bed  may  be  traced  in  the  former  character  as  far 
south  as  Commercy,  if  not  further,  a  distance  of  100  miles.  It  is, 
in  fact,  remarkable  for  its  constancy,  especially  as  compared  with  the 
beds  above  it ;  and  if  a  division  is  to  be  made  in  the  series  in  this 
district  on  stratigraphical  grounds,  it  is  certainly  over  this  that 
the  line  must  be  drawn.  From  this  rock  more  than  200  species 
have  been  recorded  in  this  department,  and  190  in  the  department 
of  the  Meuse.  In  such  a  fauna  one  naturally  finds  representatives 
of  species  which  are  abundant  on  several  horizons ;  and  one  may 
therefore  easily  be  misled  to  place  it  on  any  horizon  that  one  hap- 

pens to  be  most  familiar  with.  Two  Ammonites  are  common,  Tiz. 
A.  cordatus  and  A.  Martelli,  the  latter  being  the  A.  plicatilis  of 

d'Orbigny.  A  form  which  may  belong  to  the  true  A.  plicatilis  occurs 
in  the  same  beds  in  the  ILeuse  department ;  and  d'Orbigny  and  Buvig- 
nier  both  quote  A.  perarmatus  from  this  horizon  as  well  as  from  the 
beds  below.  Amongst  the  Gasteropoda  quoted  from  here,  Oerithium 
muricatum,  Littorina  muricata,  Pseudomelania  striata,  Chemnitzia 
heddingtonensis  and  Bulla  elongata  are  constantly  met  with  in  the 
lower  Corallian  limestones  in  England,  the  Pseudomelania  being 
more  characteristic  of  higher  beds.  Amongst  the  Lamellibranchiata, 
Gryphcea  gigantea,  Peeten  fibrosus,  Lima  gibbosa,  Gervillia  avicido- 
ides,  Avicida  ezpansa,  A.  ovalis,  A.  polyodonta  (the  same  as  our 
A.  pteropernoides),  Perna  quadrata,  Jlytilus  pectinatus,  CucuUcea 
oblonga,  Opis  similis,  Astarte  externa,  Tancredia  curtansata,  Iso- 
donta  Desliayesia,  Myacites  cUeurtatus,  and  Pholadomya  ovalis  are 
most  noticeable  as  confirming  the  evidence  of  the  Gasteropoda  ;  but 
Pecten  vimineus  points  to  a  rather  higher  horizon ;  while  the  presence 
of  Rhy  nchonella  Thurmanni,  and  of  what  is  probably  P.  lacunosa,  with 
abundance  of  Waldheimia  buccidenta  and  Terebratida  Jileyensis,  is 
still  in  harmony;  and  finally  the  echinoderms  Millericrinus  echinatus. 
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Eehinohrissus  scutcttus,  Holectypus  depressus,  and  Colly  rites  bieordatus 
add  their  testimony  to  the  great  similarity  which  the  fauna  of  this 
ironstone  bears  to  the  lower  portions  especially  of  the  calcareous 
series  of  our  Corallian  rocks. 

This  Ferruginous  Oolite  is  referred  by  Hebert  (21)  to  the  middle 
Oxfordian  on  the  ground  that  above  it  at  Vieil-St.-Remy  occurs  a 
great  thickness,  160  feet,  of  brown  marls  with  a  thoroughly  Oxfordian 
fauna,  such  as  Ammonites  arduennensis,  Trigonia  perlata,  Gervillia 
avicidoides,  Ostrea  dilatata,  &c.  The  occurrence  of  any  such  marls  is 
denied  by  Buvigner  (22)  who  states  that  the  Oolite  seen  below  must 
be  out  of  place.  Certainly  no  such  thickness  of  marl  was  observed 
where  the  beds  were  examined.  About  40  feet  of  marls  are  seen  at 

the  base  of  the  valley  near  Vieil-St.-Remy  and  in  the  railway-cut- 
ting near  Neuvizy  ;  but  these,  from  their  position,  are  more  probably 

below  the  Ferruginous  Oolite,  which  is  seen  too  near  to  the  Corallian 
limestones  on  the  road  between  Vieil-St.-Remy  and  Novion  to  allow 
of  any  intervening  clay  of  more  than  a  few  feet  thickness.  It  is 
probable  therefore  that  the  Grit  and  Ferruginous  Oolite  are  hidden 
on  the  road  to  Wagnon  in  the  160  feet,  the  base  of  which  contains  the 
above  fossils,  while  over  it  come  the  marly  limestones  recorded  to 
contain  Gidaris  florigemma  and  Peeten  articulatus.  In  many  other 
places  further  south  also  some  representative  of  the  Coral  Rag  is 
found  immediately  overlying  the  Ferruginous  Oolite  ;  so  that  its  posi- 

tion is,  in  reality,  perfectly  fixed. 
The  constancy  of  this  bed  in  spite  of  its  thinness  is  in  striking 

contrast  with  the  variability  of  the  succeeding  series  on  the  horizon 
of  the  Trigonia-beds  of  Pickering  or  of  the  earliest  limestones  of  the 
Corallian  series,  which  are  said  by  Buvignier  to  have  nothing  constant 
but  their  inconstancy. 

In  the  neighbourhood  of  Vieil-St.-Remy  and  Neuvizy  the  lowest 
beds  referred  to  the  Coral  Rag  are  not  well  seen,  though  Hebert  (21) 
describes  about  4  feet  to  5  feet  of  coral  material  with  Cidar  is  florigemma 
on  the  road  to  Wagnon.  Nowhere  here,  however,  is  there  any  great 
thickness  of  such  growth ;  and  what  there  is  is  succeeded  immediately 
by  the  white  limestone  which  is  seen  so  well  at  the  quarries  of  No- 
vion.  This  limestone  has  been  much  acted  on  by  chemical  agents, 
many  of  the  fossils  being  silicified  and  others  represented  only  by 
casts.  Among  the  latter  the  corals  are  of  the  greatest  importance  ; 
the  majority  are  not  Thamnastraean  but  Calamophyllian  and  Clado- 
phyllian.  MM.  Sauvage  and  Buvignier  simply  place  the  whole  of 
these  limestones,  amounting,  according  to  their  estimate,  to  250  feet,  as 
Coral  Rag,  without  further  subdivision,  and  supply  a  rather  defective 
list  of  fossils.  At  Novion  a  magnificent  section,  100  feet  in  thickness, 
is  seen,  the  CalamopliyTHai  in  places  almost  forming  a  reef  at  the 
base ;  then  follow  great  false-bedded  masses  of  fine  white  limestone, 
and  towards  the  top  huge  crystalline  nodules  of  Thamnastrcece. 
Lithologically  therefore  this  might  well  pass  as  a  Coral  Rag ;  and  it 
represents  in  this  area  all  that  would  naturally  be  called  Corallian. 
When,  however,  we  examine  it  more  closely,  we  note  in  the  first 
place  that  this  is  scarcely  a  Thamnastraean  reef,  such  as  is  usual  in  our 
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true  English  Coral  Hag,  the  specimens  at  the  top  not  being  in  situ — 
and  also  that  there  is  an  apparent  absence  or  great  rarity  of  Cidaris 
Jlorigemma,  the  spines  which  occur  being  either  smooth  or  belonging 
to  C.  Smiihii.  At  the  base  the  most  abundant  fossil  is  a  large 
Natica  like  N.  millepunctata,  Buv.,  but  perhaps  N.  grandis ;  while 
the  topmost  beds  are  crowded  with  silicined  Nerinceoe,  N.  sequana 
bring  the  most  abundant.  Other  noteworthy  fossils  are  rarer  ex- 

amples of  Dicer  as  arietinum?,  Cardium  corallinum,  Cerithium  limce- 
forme,  Pteroceras  oceani  (undistinguishable  from  those  at  Boulogne), 
Lima  oequilatera,  Buv.,  and  L.  omata,  the  Modiola  imbricata,  Rom. 
(non  Sow.),  and  Terebratida.  MM.  Sauvage  and  Buvignier  mention 
also  among  others  Area  joectinata,  Pecten  articulatus,  and  Chemnitzia 
heddingtonensis.  These  characters  taken  together  appear  to  indicate 

a  higher  horizon  than  the  '•Jlorigemma '  Rag,  namely  one  which  in 
spite  of  its  abundant  corals  should  be  paialleled  with  Supracoralline 
beds  elsewhere,  or  the  upper  part  of  theCorallian  series  when  that  has 
been  divided  as  it  has  been  in  the  Mouse.  The  upward  succession 
is  not  well  seen  in  this  neighbourhood,  the  great  limestones  passing 
to  large-grained  oolites  with  undistinguishable  fossils,  and  then  to 
more  compact  limestones  referred  to  the  Astartian. 

The  interpretation  of  the  rocks  seen  in  this  district  may  now  be 
checked  by  an  examination  of  the  country  about  20  miles  distant  to 
the  south.  Starting  from  the  town  of  Beaumont,  and  going  westward, 
after  passing  over  the  Lower  Oolites,  the  Kelloway  liock  and  the 
Oxford  Clay,  which  is  here  well  developed  in  an  argillaceous  form, 
one  comes,  at  the  base  of  the  escarpment  of  Stonne,  to  the  same  sandy 
nodular  beds  with  Rhynchonella  Thurmanni  and  Perna  quadrata  as  at 
Neuvizy,  duly  followed  on  the  top  of  the  hill  by  the  Ferruginous  Oolite ; 
but  the  bed  with  Trigonia  spinifera  was  not  observed.  Above  this, 
on  the  road  to  Ochsee,  a  village  three  miles  south,  the  succession 
is  perfectly  observable  on  the  rough  cart-road  mounting  a  barren 
hill ;  at  the  base  are  the  Lower  Calcareous  Grit  and  the  Ferruginous 
Oolite ;  near  the  summit  are  the  great  cavitary  limestones  of  Novion, 
where  the  Calamophyllice  have  been,  and  above  them  flaggy  Oolites 
&c.  full  oiNerincece ;  but  in  the  intervening  space  there  is  no  sign  of 
clay,  all  is  calcareous.  This  portion,  however,  contains  abundant 
Thaninastraean  corals ;  and  with  them  Cidaris  Jlorigemma  was  easily 
found  associated  with  Hemicidaris  cremdaris,  Cerithium  muricatum, 
and  Littorina  muricata  ;  but  the  Nerincece  and  Naticai  of  the  limestone 
above  are  absent.  It  thus  appears  that  we  are  justified  in  regarding 
the  Novion  limestone  as  Supracoralline  ;  while  al]  that  can  represent 
the  series  so  well  developed  in  England  between  the  Lower  and  the 
Upper  Calcareous  Grit  is  the  Ferruginous  Oolite  and  the  Rag  Lime- 

stone. The  upper  portions  of  the  series  have  not  been  examined 
in  the  Ardennes  department,  as  the  description  given  by  the  before- 
named  authors  indicated  that  they  were  similar  to  those  to  be  seen 
in  the  northern  part  of  the  Meuse. 

2.  The  Meuse  Department. — On  entering  this  we  come  under  the 
guidance  of  Buvignier  alone  (13),  whose  classical  work  is  well  known. 
He  gives  the  following  classification. 
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1.  Upper  Jurassic. 

I.  Earrois  limestone,  600  feet. 

a.  Grey-green  limestone. b.  Carious  limestones. 
c.  Lithographic  limestones. 

II.  Virgulian  clays,  150  feet. 

III.  Astartian  limestones,  400  feet. 
a.  Upper  compact  limestones. 
b.  Lower  marls. 

2.  Middle  Jurassic. 

I.  Coral  Eag,  400  feet. 
a.  Lithographic  limestones. 
b.  Various  forms. 

II.  Oxford  clay,  500  feet. 
a.  Ferruginous  oolite. 
b.  Siliceous  limestones = Terrain  achailles. 
c.  Woevre  clay. 

Near  the  northern  extremity  of  the  department,  in  the  neighbour- 
hood of  Dun,  the  lower  portions  of  the  series  may  be  easily  taken 

up  again ;  and  they  show  a  continuance  of  the  conditions  last  noted 
in  the  Ardennes.  On  the  slopes  of  the  Cote  St.  Germain  a  fairly  com- 

plete section  may  be  seen  :  the  lower  half  is  occupied  by  the  Oxford 
Clay,  with  the  topmost  part  of  the  same  nodular  gritty  character  as 
before  ;  then  may  be  seen  the  Ferruginous  Oolite,  of  some  thickness ; 
immediately  over  which  come  great  crystalline  irregular  masses 
which,  in  spite  of  their  present  state,  are  easily  recognized  as  remains 
of  a  Thamnastrsean  reef,  with  which  Oidaris  jiorigemma  occurs ; 
this  portion  is  also  considerably  oolitic,  differing  in  this  respect  from 
the  limestone  that  follows  it,  which,  with  its  vacuous  spaces  once 
filled  with  corals  and  JSferincece,  perfectly  represents  the  ISTovion 
stone.  Here,  then,  we  find  confirmation  of  previous  sections.  Hebert 
(21)  states  that  the  Coral  Hag  alone  is  seen  at  the  base  of  this  hill- 

side, and  that  the  Ferruginous  Oolite  must  be  some  distance  below, 
and  separated  by  a  great  mass  of  clay.  The  sequence,  however,  is 
here  perfectly  clear ;  and  on  the  opposite  side  of  the  valley,  in  the  hill 
between  Murvaux  and  Fontaines,  the  same  succession  is  equally  well 
seen.  Only  at  this  spot  the  true  Coral  Rag  has  greatly  developed,  as 
may  be  seen  also  by  its  examination  in  other  places  in  the  neighbour- 

hood. Thus  the  great  quarries  to  the  south  of  Dun  show  perhaps  as 
much  as  60  feet,  consisting  of  a  lumachelle  of  broken  shells  at  the  base, 
a  Thamnastraean  reef  with  Ostrea  solitaria  in  the  middle,  and  oolite 
beds  with  Cidar is  Jiorigemma  at  the  top,  all  of  which  must  be  about 
on  this  horizon,  and  which  give  an  idea  of  the  variability  of  the 
series  ;  while  in  the  valley  leading  to  Fontaines  the  still  coral-bearing 
upper  limestones  are  largely  developed,  but  without  the  character- 

istic urchin  of  the  lower  reefs  and  their  equivalents. 
Passing  next  to  Verdun,  the  student  who  has  traced  the  lower 
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rocks  so  far  has  no  difficulty  in  assigning  to  their  true  place  the 
magnificent  limestones  which  here  astonish  him  and  give  him  an 
idea  of  the  grandeur  of  the  development  of  the  Corallian  rocks  in  this 
district.    The  beds  which  in  this  locality  overlie  the  Ferruginous 
Oolite  are  altogether  different  from  any  thing  seen  before,  consisting 
at  Haudainville  of  an  unstratified  mass  of  limestone  40  feet  in  thick- 

ness, made  almost  entirely  of  fragments  of  crinoids  united  by  a  cal- 
careous cement  and  yet  distinct,  forming  a  most  admirable  freestone  : 

the  only  fossils  seen  in  it  are  Cidaris  florigemma  and  small  oysters. 
Capping  this  mass  in  the  quarry  is  10  or  12  feet  of  Thamnastrsean 
Rag  with  occasional  Cladophyllice,  but  with  abundance  of  Cidaris 
florigemma,  Terebratula  maltonensis,  and  Pecten  vimineus,  also  Lima 
Iceviuscula  and  Venerupis  corallensis.    The  position,  then,  in  this 
locality  of  the  crinoid  limestone  is  fixed ;  for  it  must  be  associated 

with  the  Rag  above  it,  as  forming  part  of  Buvignier's  Coral  Rag  b. 
The  succeeding  rocks,  representing  the  Novion  limestones,  also  intro- 

duce new  features  ;  for  here  is  first  seen  the  lithographic  stone  which 
becomes  so  abundant  further  west.    It  is  mixed  with  Oolites  of 

various-sized  grains  ;  but  the  corals  of  all  kinds  are  gone.    The  ap- 
pearance of  this  group  in  the  great  quarries  of  St.  Martin  has  been 

admirably  described  by  Buvignier — its  cherty  bands,  its  vegetable 
remains  towards  the  base,  and  crustaceans  above.    The  fossils  are 
only  abundant  in  parts;  the  commonest  is  Nerincea  elongata,  associated 
with  others,  as  iV.  Jollyana  and  Patella  elegans ;  Natica  globosa  and 
Lvcina  mosensis  were  also  collected.    The  upper  part  of  this  group 
is  instructively  seen  on  the  north  of  Verdun,  in  the  Cote  St.  Michel. 
The  eastern  portion  is  worked  in  pure  lithographic  limestone  without 
a  fossil;  but  the  western  shows  great  quarries  of  massive  earthy  lime- 

stones in  which  the  characteristic  fossil  is  Terebratula  repeliniana, 

d'Orb.,  as  at  Novion,  but  which  shows  its  relation  to  the  overlying 
rocks  by  its  numerous  Astarte  supracorallina ,  &c.    The  long  lists  of 
fossils  given  by  Buvignier  as  coming  from  his  two  divisions  of  the 
Coral  Rag,  of  which  the  present  is  his  a,  contain  many  species  in 
common,  especially  Diceras  arietinum ;  nevertheless  there  can  be  little 
doubt  of  their  corresponding  with  beds  showing  more  distinctness 
further  north.  We  find  therefore  the  same  subdivision  of  rocks,  here 
referred  to  the  Corallian,  as  in  the  Ardennes, namely  a  variable  mass  of 
coral-bearing  or  crinoidal  limestone  below,  with  Cidaris  Jlorigemma, 
and  a  more  compact  and  oolitic  stone  above,  with  many  Nerinwce, 
and  an  occasional  Diceras.    Hebert  (21)  thinks  to  divide  the  lower 
part  into  two  portions,  the  base  a  shell-bed  with  Cidaris  florigemma 
and  the  corals  above  ;  but  the  extreme  variability  of  these  rocks,  and 
the  occurrence  of  the  characteristic  urchin  throughout  all  the  modi- 

fications, render  such  a  division  valueless. 

In  this  neighbourhood  the  first  examination  of  the  higher"  beds has  been  made  along  the  road  leading  from  Yerdun  westwards  to 
Clermont-en-Argonne.  Leaving  the  town  by  the  fort  on  the  north- 

west, one's  position  is  accurately  determined  by  observing  the  great 
coral-reefs  on  which  the  foundations  are  built,  associated  with  the 
gasteropod-bearing  intercoralline  brash,  followed  in  the  railway- cut- 
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ting  by  the  massive  rocks  of  the  Nerinsean  series  as  seen  on  the 
opposite  side  of  the  river.  Succeeding  these  at  once  are  more  marly 
rocks  than  any  seen  before ;  in  fact  they  are  alternations  of  marls  and 
flaggy  earthy  limestones,  with  here  and  there  a  bed  of  oolitic  rock, 
a  lumachelle  of  Exogyra  bruntutana,  or  a  lithographic  limestone.  The 
thin  beds  having  their  surfaces  crowded  with  Astarte  supracorallina, 
indicate  with  certainty  the  horizon.  Rocks  of  this  description  occupy 
the  country  for  a  distance  of  five  miles,  till  the  lowest  Yirgulian 
lumachelle  is  reached,  and  seem  to  be  rather  uninteresting  and  barren. 
Nevertheless  Buvignier  describes  the  lithographic  stones  as  massive, 
and  overlain  by  an  irregular  pisolite  having  the  fossils  as  casts,  in- 

cluding Diceras  and  Cardium  Buvignieri,  a  species  which  appears  to 
be  not  different  from  0.  corallinum.  This  would  seem  to  indicate  a 

repetition  of  the  Diceras-beds  at  a  higher  horizon  than  the  first,  namely 
immediately  beneath  the  Yirgulian;  and  the  list  of  fossils  given  as  from 
the  upper  portion  of  the  Astartian  limestones  contains  several  species 
usually  of  a  lower  horizon,  such  as  Lima  cequilatera,  Pecten  articula- 
tus,  Chemnitzia  lieddingtonensis,  Natica  globosa,  &c.  These  pisolites 
are  said  to  occur  in  the  very  district  now  under  notice  ;  but  though 
the  various  sections  were  duly  searched,  no  such  rock  was  observed 
in  the  required  position.  At  Baleycourt  quarries  were  seen  in  which 
the  stone  was  very  rubbly  ;  but  it  had  the  aspect  entirely  of  a  rede- 
posited  material  with  the  fossils  in  it  remanie,  and  not  at  all  like  the 
true  Diceras-beds  of  the  Haute- Marae.  With  this  exception,  no 
change  in  the  character  of  the  rocks  is  observable  till  the  lumachelles 
with  Exogyra  virgida  are  reached.  If  therefore  any  portion  repre- 

senting the  Pterocerian  beds  is  to  be  found,  it  must  be  sought  either 
in  the  beds  containing  E.  virgida  or  in  the  lithographic  limestones 
below.  The  latter  are  credited  with  an  enormous  thickness  (400  feet), 
and  obviously  include  much  more  than  is  usually  placed  in  the 
Astartian  beds.  In  point  of  fact,  there  seems  little  to  characterize 
the  beds  here;  and  their  subdivisions  must  be  left  somewhat 
doubtful. 

In  the  Yirgulian  marls  which  follow  we  have  fortunately  an  admir- 
able landmark,  both  because  the  abundance  of  the  little  oysters  (which 

in  themselves  make  half  the  bed)  renders  these  marls  immediately 
recognizable,  and  because  the  variety  of  their  other  fossils  gives 
good  materials  for  correlation.  At  the  cutting  of  Mxeville  the  dark 
marls  with  E.  virgula  occupy  the  lower  12  feet,  and  white  chalky 
limestones  the  upper  20  feet ;  neither  therefore  is  seen  in  its  full 
thickness.  For  a  considerable  distance  to  the  west,  alternations  of 
these  two  forms  recur,  the  marls  being  the  last  seen  beneath  the 
overlying  lithographic  limestone.  The  whole  series  does  not  appear 
to  occupy  so  great  a  thickness  as  the  lower  Astartian  beds.  The  white 
limestones  are  extremely  fossiliferous,  the  most  abundant  shells  being 
PleuromyaVoltzii,Plioladomya  acuticosta,Cuculla?a  texta,  a,nd  Terebra- 
tida  bisuffarcinata.  The  other  fossils  observed  were  Pterocera  Ponti, 
Chenopus  musca,  Chemnitzia  gigantea,  Thracia  lata,  Mactromya  ru- 
gosa,Ceromya  excentrica,  Cardium  Bannesianum?,  Trigonia  Merian 
T.  Juddii,  Pinna  granulata,  and  Nucula  Menkei  and  Astarte  supra- 
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corallina.  In  spite  of  the  last-named,  which  is  thus  seen  to  have 
rather  a  wide  range,  the  fauna  is  essentially  Lower  Kimmeridgian, 
and  may  be  well  matched  in  the  body  of  that  clay  in  England.  For 
purposes  of  comparison  in  the  basin  of  Paris  itself,  the  Terebratula, 
Pholadomya,  and  Ceromya  should  be  especially  noted.  Fragments 
of  coronate  Ammonites  which  might  belong  to  A.  gigas,  recorded  by 
Buvignier,  were  seen ;  and  it  may  be  noted  that  A.  longispinus  is 
mentioned  as  occurring ;  but  there  is  nothing  except  the  first-named 
to  unite  this  to  the  Upper  Kimmeridge  of  England.  Hence,  therefore, 
there  is  no  probability  of  the  overlying  rocks  being  of  Portland  age, 
as  they  are  called  by  Buvignier. 

In  this  locality  the  rocks  which  succeed  the  Virgulian  beds  at 
Dombasle  are  barren,  lithographic,  but  somewhat  argillaceous  lime- 

stones, in  remarkably  uniform  beds  of  from  8  to  12  inches  thickness, 
with  thin  bands  of  intervening  clay,  thus  presenting  a  well-marked 
lithological  character  by  which  they  may  be  distinguished  from  the 
lower  lithographic  limestones.  They  become  more  rubbly  towards 
the  top,  but,  except  for  lumachelles  of  small  oysters  of  unknown 
species,  contain  scarcely  a  single  fossil.  They  occupy  a  considerable 
area,  and  must  be  nearly  100  feet  thick ;  but  even  Buvignier  only 
records  four  fossils  : — Ammonites  gigas,  Pleuromya  Voltzii,  Cardium 
Dufrenoycum,  and  Patella  suprajurensis.  Nothing  higher  is  to  be 
seen  in  this  part  of  the  country,  as  the  lithographic  limestones  ex- 

tend to  the  alluvial  plain  separating  the  Jurassic  area  from  the 
cretaceous  escarpment. 
We  may  next  examine  the  country  25  miles  further  south  from 

St.  Mihiel  and  Commercy  to  Bar-le-Duc.  The  first-named  is  celebrated 
for  the  magnificent  fauna  of  its  Bag-deposits,  and  has  been  described 
separately  by  Buvignier.  The  escarpment  begins  about  five  miles 
to  the  west  of  the  town,  as  at  Apremont ;  but  inliers  close  at  hand 
enable  us  to  recognize  the  Calcareous  Grit,  here  still  more  nodular, 
with  Ehynchonella  Thurmanni  and  Ostrea  dilatata,  and  the  overlying 
Ferruginous  Oolite,  retaining  the  same  characters  that  it  has  further 
north.  But  the  limestones  which  succeed  these  have  a  much  more 

extensive  development.  At  the  grand  section  exposed  on  the  de- 
scent to  Apremont,  the  actual  base  is  not  seen  ;  but  the  rubbly  un- 

stratified  mass  appears  to  begin  at  once.  It  is  here  full  of  unrecog- 
nizable Thamnastraaan  corals  (which  appear  to  have  been  rolled),  and 

abundance  of  Hemicidaru  crenularis,  Cidaris  florigemma,  Apiocrinus 
Moissyanus,  Terebratula  maltonensis,  and  Pecten  vimineus.  There  is 
a  thickness  of  about  120  feet,  all  made  of  similar  material  except 
near  the  top,  where  about  16  feet  is  made  of  massive  crinoidal  lime- 

stone as  near  Verdun.  This  latter  type,  therefore,  as  there,  is  sub- 
ordinate to  the  Coral  Bag ;  and  we  hence  learn  the  age  of  the  magni- 

ficent freestones  of  this  character  worked  about  seven  miles  to  the 

south  at  Lerouville,  where  the  quarries  have  a  100-foot  face,  all  of 
the  same  material,  with  occasional  Cidaris  jlorigemma,  Terebratula 
insignis,  and  other  fossils.  We  note  also  that,  whereas  near  Yerdun 
the  coral-beds  formed  the  capping  to  the  crinoidal  limestones,  here 
the  latter  lie  at  the  top  or  nearly  so,  and  no  definite  position  in  the 
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Coral  Rag  can  be  assigned  to  either  of  these  forms.  Above  the  Coral 
Rag,  on  the  road  to  St.  Mihiel,  are  the  more  compact,  almost  litho- 

graphic limestones  with  Nerincece  as  before,  occupying  a  wide  expanse 
of  country.  So  far,  therefore,  the  Verdun  form  is  fairly  continued ; 
but  when  we  examine  the  exposures  seen  in  other  valleys  an  inter- 

esting modification  is  observed.  The  deeper  sections  on  the  right 
bank  of  the  Meuse  show  the  base  of  the  Coral  Rag  to  be  occupied 
by  far  more  oolitic  and  regularly-bedded  stone  than  any  seen  at 
Apremont;  but  on  the  left  bank,  quite  close  to  St.  Mihiel,  a  recent  cut- 

ting gives  a  first  real  indication  of  something  corresponding  to  our  true 
Coralline  Oolite.  At  the  base  of  this  cutting  is  8  feet  of  Ferruginous 
Oolite  crammed  with  fossils — Ammonites  convolutus  ?,  Pholadomya 
decemcostata  and  P.  deltoidea,  Mytilus  pectinatus,  Perna  quadrata, 
Pecten  articulatus,  Ostrea  dilatata,  Bhynchonella  lacunosa,  Terebratula 
bucculenta,  Oollyrites  bicordatus,  Bysaster  ovcdis,  and  others.  Next 
comes  more  than  6  feet  of  a  rather  sandy  limestone,  not  exactly 
oolitic,  but  thick-bedded,  in  which  no  Cidaris  florigemma  or 
Pecten  vimineus  could  be  found,  but  such  fossils  as  Ammonites  pli- 
catilis,  Pseudomelania  striata,  Pholadomya  deltoidea,  Uolectypus  de- 
pressus,  and  Stomechinus  sp.  abound.  This  mass  is  equally  distin- 

guishable from  the  Ferruginous  Oolite  and  from  the  Coral  Rag,  and 
occupies  the  place,  hitherto  unrepresented,  of  those  deposits  which 
in  England  form  a  basis  for  the  latter.  The  thickness  of  this  mass 
is  not  well  seen  here,  and  is  comparatively  unimportant ;  but  at 
Creue,  8  miles  N.E.  from  here,  Buvignier  has  described  some  "  lower 
white  limestones  "  occupying  the  same  position,  250  feet  in  thickness  ; 
and  the  same  occur  also  to  the  south  of  Apremont  at  Liouville,  and 
are  therefore  more  or  less  alternative  with  the  Rag,  the  great  thick- 

ness of  which  may  be  due  to  its  filling  up  the  hollows  between  the 
lenticular  masses  of  the  "  coralline  oolite  "  below.  These  limestones 
contain  a  fauna  very  distinct  from  that  of  the  Coral  Rag  :  urchins  are 
almost  absent ;  Myacidse  abound  ;  and  the  whole  assemblage  is  much 
more  like  that  in  the  Ferruginous  Oolite,  A.  plieatilis  being  the  most 
abundant  cephalopod.  It  differs,  however,  from  the  fauna  of  the 
latter  rock  in  the  absence  of  the  characteristic  urchins,  crinoids, 

brachiopoda,  and  belemnites.  In  Buvignier's  list  15  of  its  fossils 
are  common  to  the  Coral  Rag,  and  34  to  the  Ferruginous  Oolite  ; 
but  the  latter  is  only  18  per  cent,  of  the  number  found  in  both, 
so  that  by  any  method  of  percentages  these  limestones  should  be 
reckoned  distinct. 

Above  the  section  already  referred  to,  on  the  left  bank  of  the 
Meuse,  are  about  80  feet  of  Coral  Rag,  most  massive  below,  with  old 
Thamnastrcece  above,  and  containing  all  the  usual  fossils  ;  and  on  the 
ascent  of  the  hill  comes  on  at  once  a  great  thickness  of  beautiful 
pure  white  oolite  containing  scarcely  a  fossil,  though  a  Corbis  and 
Diceras  were  noted ;  all  this,  therefore,  only  continues  what  has  been 
seen  before.  What  lies  above  has  not  been  seen  ;  but  detailed  ac- 

counts of  it  as  exposed  in  the  cuttings  between  Lerouville  and  Loxe- 
ville  are  given  by  Hebert  (21).  At  Vadonville  is  seen  at  the  base 
a  great  mass  of  white  limestones,  finely  oolitic,  but  in  places  almost 
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pisolitic,  stated  to  be  300  feet  in  thickness  *;  and  above  them  occur 
150  feet  ofoolitic  beds  with  various -sized  grains,  some  pisolites,nodules, 
and  many  specimens  of  Diceras.  The  whole  of  this  mass  is  considered 
by  Prof.  Hebert  to  be  above  the  white  limestones  of  Novion  and 
Verdun,  which  would  place  them  in  the  Astartian  of  Buvignier,  but 
that  he  considers  them  to  be  absolutely  wanting  to  the  north  of  St. 
Mihiel.  Prom  their  position  in  relation  to  the  great  crinoidal 
limestones  of  Lerouville,  however,  not  1800  yards  away,  their  lower 
portion  can  be  nothing  else  than  the  jSTovion  limestone ;  and  we 
learn  that  at  this  spot  the  peculiar  pisolitic  character  of  the  Diceras- 
beds  begins  to  be  observable  in  this  portion  of  the  series  towards  the 

top.  It  is  remarkable  that  no  mention  is  made  of  this  in  Buvignier's 
work,  though  the  spot  is  coloured  as  Corallian.  The  next  cutting, 
2j  miles  to  the  west,  is  also  described  by  Prof.  Hebert.  Here  the 
base  is  occupied  by  the  same  pisolitic  Diceras-beds,  their  continuance 
being  accounted  for  by  some  folds  and  reversed  dips  observed.  This 
bed  is  declared  by  Buvignier  (22)  to  be  distinct  from  that  at  Vadon- 
ville,  and  to  belong  to  the  pisolites  he  has  described  from  the  Astar- 

tian. His  description,  however,  of  the  cuttings  is  by  no  means  clear 

(13),  while  Hebert's  is  precise  and  definite.  Above  these  pisolitic  beds 
come  a  few  feet  of  oolites,  and  then  a  mass  of  non-oolitic  marly 
limestone  with  conglomerates  and  Ostrea  deltoiclea.  The  same  series 
of  cuttings  reveal  Yirgulian  beds  further  to  the  east  at  Loxeville, 
with  many  fossils  common  to  the  Astartian  beds,  and,  finally,  the 

lithographic  "  Portland  "  f  limestones  (see  21).  This  is  well-deve- 
loped in  the  neighbourhood  of  Bar-le-Duc,  forming  the  main  mass  of 

the  hills.  The  carious  limestones  above  are  well-marked,  with  their 
hollow  tubes  filled  with  a  brown  earth.  This  is  supposed  by  Tom- 
beck  to  be  the  original  material,  and  the  limestone  to  have  formed 
afterwards  ;  but  this  can  scarcely  be  the  case,  as  there  are  in  this  dis- 

trict many  fossils  in  the  limestone  with  their  interiors  formed  of  the 
matrix  but  the  shell  gone.  The  assemblage  of  these  appears  to  in- 

dicate very  shallow-water  conditions,  as  though  here  one  were  at  the 
natural  boundary  of  the  deposit;  they  are  mostly  small  and  simple. 
Those  found  are  Maria  dionysea,  Mactromya  rugosa,  Plectomya 
rugosa,  Lucina  aspernata,  Corbicella  Moreana,  LitJiodomus  vietus, 
and  Oardium  pesolinum  ?.  We  have  very  little  assistance  here  to- 

wards correlation  with  our  English  rocks,  and  none  towards  placing 
these  on  a  level  with  the  Portland  Limestone. 

The  highest  beds  seen  here  are  a  variable  series  of  rather  dirty- 
coloured  stones  with  sands  &c.  ;  but  one  remarkable  rock  requires 

special  notice.  It  is  the  "  vacuolar  oolite,"  in  which,  so  to  speak, 
there  are  no  oolitic  granules,  though  once  there  were ;  each  granule 
has  been  dissolved,  the  intervening  matrix  alone  remaining  to  form 
a  spongy  rock.  This  becomes  in  places  almost  a  lumachelle  of  Corbula 

*  The  thicknesses  given  by  Prof.  Hebert  are  always  very  large  when  estimated, 
and  require  to  be  somewhat  reduced  to  bring  them  into  comparison  with  the 
estimates  of  other  geologists. 

t  The  names  used  by  the  describers  are  adopted  until  the  amended  nomencla- 
ture is  proposed  at  the  end  of  this  paper. 

Q.  J.  G.  S.  No.  148.  2  ii 
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mosensis  ;  and  the  next  abundant 
records  also  Trigonia  gibbosa,  but 
well  represent  the  true  Portland 
ized  by  Astarte  rugosa ;  but  this 

Pig.  4. — Map  of  Country  be- 
tween the  Meuse  and  Ornain. 

(Scale  1  :  80,000.) 

shell  is  Astarte  rugosa.  Buvignier 
with  doubt.  These  beds  may  very 
Limestone,  which  is  also  character- 
question  will  be  decided  later  on. 

One  more  traverse  completes 
our  study  of  the  Meuse  department. 
This  is  about  25  miles  to  the 
south,  but  runs  N.W.  to  S.E., 
the  general  trend  of  the  strata 
changing  near  the  extremity  of 
the  department  to  be  N.E.  and 
S.W.  instead  of  N.  and  S.  The 
whole  series  spreads  about  8| 
miles  on  either  side  of  Gondre- 
court,  actually  commencing  within 
the  Vosges  department. 

The  lowest  beds  are  exposed 
at  Greux,  on  the  Meuse ;  and  we 
still  see  the  nodular  calcareous 
grits  at  the  top  of  the  Oxford  Clay, 
here  more  approaching  what  could 
be  called  a  "  terrain- a-chailles  " 
than  anywhere  else,  and  still  cha- 

racterized by  Rhynchonella  Thur- 
manni.  No  sign,  however,  of  the 
Ferruginous  Oolite  was  observed ; 
and  Buvignier  does  not  place  it 
here  on  his  map.  It  has  therefore 
probably  died  out;  for  it  is  not 
seen  again  to  the  west.  Neither  is 
any  thing  like  the  Creue  Limestone 
or  "  Coralline  Oolite  "  seen ;  but 
the  great  mass  of  Coral  Rag  im- 

mediately succeeds.  This  consists 
of  a  rubbly  rock,  in  places  oolitic, 
without  any  corals,  yet  of  that  pe- 

culiar appearance  which  indicates 
the  beds  associated  with  them ; 
and  all  the  usual  fossils  abound, 

such  as  Cidaris  florigemma,  Hemi- 
cidaris  crenularis,  Mytilus  angula- 
tus  (jurensis),  &c.  It  is  succeeded 
by  a  white  chalky  limestone  with 
numerous  hollow  branches  as  of 

decayed  corals,  such  as  are  seen 
at  Novion.  Some  beds  are  flaggy  ; 
but  all  very  barren  of  fossils. 
Above  comes  12  feet  of  strong  beds 
of  oolitic  and  non-oolitic  limestones, 
which  are  worked  for  building- 
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stone  when  thickened  out  in  the  neighbourhood ;  and,  finally,  coarse- 
grained thin -splitting  oolites  occupy  the  summit  of  the  hill.  There 

is  thus  no  proof  of  our  having  here  reached  the  top  of  the  limestones  ; 
and  yet  these  are  at  least  300  feet  above  the  Oxford  Grit,  all  of 
which  must  be  placed  in  the  Coral  Rag  and  Supracoralline  beds. 
The  continuation  of  the  route,  however,  reads  us  a  very  instructive 

lesson.  On  consulting  Buvignier's  detailed  map  it  will  be  seen  that 
behind  this  hill  there  is  a  long  tongue  of  the  lower  rocks  crossing 
the  road  in  the  valley.  Little  is  to  be  seen  on  the  descent  of  the 
hill ;  but  on  the  next  rise  at  Vouthon  Bas,  the  nodular  Oxford  Grit 
is  seen  in  the  village,  and  above  this  successively  a  shelly  limestone 
full  of  Cidaris  florigemma,  massive  oolitic  rocks,  thin-bedded  oolitic 
rocks,  and  then  the  lithographic  limestone — in  a  word  the  same 
succession  as  before,  but  in  this  instance  crowded  into  a  space  which 
certainly  cannot  exceed  50  feet.  So  great  a  change  in  thickness  in  a 
distance  of  less  than  3  miles  gives  an  idea  of  the  very  local  and 
fragmentary  character  of  the  Corallian  rocks. 

The  greater  part  of  the  distance  to  Gondrecourt,  about  5  miles, 
is  occupied  by  compact,  almost  lithographic  limestones,  with  no 
fossils  visible.  These  appear  to  be  placed  by  Buvignier,  from  the 
colouring  of  his  map,  as  Astartian.  They  nevertheless  occupy  the 
position  of  the  great  masses  to  the  north  of  Verdun,  and  perhaps 
also  east  of  St.  Mihiel,  which  are  coloured  Corallian ;  but  in  the 
absence  of  fossils  it  is  difficult  to  say  to  which  they  should  be  joined. 
In  this  traverse,  as  in  the  others,  but  little  sign  is  seen  of  the  piso- 
litic  Diceras-beds ;  only  some  coarse-grained  oolites  are  seen.  Hence 
the  peculiar  character  so  well  seen  further  west  is  here  only  occa- 

sional, or  occupies  too  small  a  space  to  be  easily  discovered. 
Near  the  entrance  to  Gondrecourt  these  lithographic  limestones 

are  succeeded  by  and  intermixed  with  rubbly  beds  with  many 
fossils.  A  thickness  of  about  40  feet  is  seen,  towards  the  top  of 
which  Terebratula  subsella  is  abundant.  Similar  stone  is  continued 
for  nearly  a  mile  on  the  other  side  of  Gondrecourt,  and  gives  a  very 
good  idea  of  the  Astartian  beds  in  this  district.  The  fossils  here 
noted  were  Terebratula  sp.  (perhaps  the  young  of  T.  subsella), 
Pterocera  Thirrice,  Thracia  lata,PholadomyaProtei,  Isocardia  obovata, 
Ceromya  eoccentrica,  Pleuromya  rugosa,  Mytilus  opisoides  ?,  and 
Nautilus  infiatus.  Exogyra  virgula  is  not  seen  in  these  beds,  which 
are  almost  as  argillaceous  as  the  overlying  series,  especially  if  we 
include  in  them  all  that  lies  below  the  first  undoubtedly  Yirgu- 
lian  bed  ;  but  no  pisolitic  beds  are  seen  along  the  road.  The  base 
of  the  Yirgulian  occurs  at  Houdelaincourt,  about  3  miles  north  of 
Gondrecourt,  where  a  mass  of  chalky  limestones  forms  a  bank  40  feet 
in  height,  the  upper  part  of  which  yields  all  the  fauca  of  Mxeville,  e.  g. 
Ammonites  longispinus,  Pholadomya  multicostata,  P.  Protein,  Astarte 
supraeorallina,  Pinna  granidata,  and  Pecten  suprajurensis.  Above  this 
come  the  marls  full  of  Exogyra  virgida,  then  more  chalky  lime- 

stones with  Pleuromya  Voltzii,  and  finally  more  marls  and  marly 
limestones  such  as  are  seen  in  a  cutting  further  on.  This  cutting, 
made  for  the  Marne-and-Ehine  canal  at  Demanges,  has  been  de- 

2m2 
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scribed  and  drawn  by  Envignier.  It  shows  well  how  argillaceous  the 
Kimmeridgian  is  here,  being  composed  of  quite  as  much  clay  as  stone, 
which  is  an  exception  to  its  usual  character  in  France.  About  40  ft. 
is  exposed ;  but  this  does  not  include  any  lumachelles  of  Exogyra 
virgula,  though  that  oyster  occurs  with  others.  The  nodular  bands 
are  very  fossiliferous,  and  include  more  stony  beds  at  the  base,  with 
Pholadomya  multicostata,  Gervillia  Jcimmeridiensis,  and  Cucullcea 
texta,  and  in  more  marly  beds  u.  terocera  mosensis,  Trigonia  Voltzii, 
T.  concentrica,  Astarte  scalarisl,  Pleuromya  Voltzii,  P.  donacina?, 
Peeten  suprajurensis,  and  Terebratida  subsella. 

This  description  of  the  beds  which  intervene  between  the  Corallian 

and  "  Portland  "  limestones,  though  doubtless  indicating  that  some 
division  might  be  adopted,  does  not  tend  to  magnify  the  importance, 
in  this  district  at  least,  of  the  three  groups — Astartian,  Pterocerian, 
and  Yirgulian,  all  of  which  would  be  included  in  England  in  the  body 
of  the  Lower  Kimmeridge.  There  is  a  community  of  fauna  which 
shows  them  all  to  be  too  intimately  united  for  any  wide  separation. 
Above  the  fossiliferous  Virgulian  marls  of  the  Demanges  cutting 
comes  immediately  the  unfossiliferous  lithographic  limestone  of  the 

so-called  "  Portland"  series,  occupying  all  the  summits  of  the  hills ; 
but  no  special  observations  were  here  made. 

3.  The  Uaute-Marne  Department. — The  development  of  the  Upper 
Jurassic  rocks  in  this  department  has  received  more  study  and  raised 
more  discussions  than  that  in  any  other  place.  It  is  consequently  con- 

sidered by  many  the  typical  region  in  the  Paris  basin,  and  is  used  as 
a  term  of  comparison  in  every  attempt  at  correlation.  Lying  opposite 
the  strait  which  connects  the  basin  of  Paris  with  the  Jura,  its  lower 
part  appears  to  partake  of  the  character  of  the  Swiss  rocks  ;  and  its 
upper  part  is  more  complete  than  anywhere  else  in  the  same  range. 
Although  it  is  therefore  of  the  highest  importance  that  its  rocks 
should  be  correctly  described  and  interpreted,  the  difficulties  of  its 
natural  situation  appear  to  have  been  increased  by  its  illustrators, 
and  one  would  suppose  from  their  writings  that  it  was  of  most  ano- 

malous structure.  The  earliest  description  was  given  by  Eoyer(4). 
Being  the  simplest,  this  was  in  some  respects  the  best ;  and  it  will 
be  well  to  quote  it  for  comparison  with  the  most  recent  and  com- 

plicated.   Royer  divides  the  series  as  follows  : — 

A.  Portland.  °0LITE  0P  BaRR0IS- a.  Carious  limestones. 
b.  Nodular  compact  limestones. 
c.  Lithographic  limestones. 

B.  Kimmeridgian. 
0.  Astartian. 

a.  Nodular  and  oolitic  beds. 
b.  Compact  limestone. 

D.  Coralline  oolite. 
E.  Compact  Corallian  limestone. 

a.  Thick  limestone. 
b.  Marly  limestones  passing  to  Oxfordian  ;  b'.  Rubbly  coral  limestone. 

F.  Upper  Oxfordian  marls,  almost  without  fossils. 
G-.  Middle  Oxfordian. 
H.  Lower  Oxfordian. 
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Various  changes  have  since  been  made  in  this  classification,  partly 
by  way  of  expansion,  but  partly  by  way  of  alteration ;  and  an 
almost  interminable  series  of  Notes  by  M.  Tombeck  have  led  to  the 
development  of  a  classification  which  is  exceedingly  complicated,  and 
which  in  several  important  points  it  seems  impossible  to  accept. 
As  published  by  MM.  De  Loriol,  Royer,  and  Tombeck  (50),  and 
modified  by  the  last  named  (55),  it  is  as  follows  : — 

Portland  ian. 

1.  Zone  of  Cyrena  ragosa. 
a.  Upper  grey-green  limestones. b.  Vacuolar  oolite.. 
c.  Lower  grey-green  limestones. 

2.  Zone  of  Cyprina  Brongniarti. 
a.  Tubulous  limestones. 
b.  Spotted  limestones. 
c.  Carious  limestones. 

3.  Zone  of  Ammonites  gig  as. 
a.  Bure  oolite. 
6.  Limestone  with  Amm.  irius. 
c.  Marls  with  Hemicidaris  purbeeJcensis. 
d.  Lithographic  limestone  with  Amm.  rotundas. 

KlMMERIDGlAN. 

1.  Zone  of  Amm.  caletanus,  =  Virgulian. 
a.  Alternations  with  Amm.  erinus. 
b.  Marls  with  Amm.  eumelus. 

2.  Zone  of  Amm.  orthocera,  =  Pterocerian. 
a.  Perforated  limestones. 
b.  Marly  limeston  es  with  Dysaster  granulosus. 
c.  Limestone  with  Isocardia  striata. 
d.  Marls  with  Rhalidocidaris  Orbignyana. 
e.  Marls  with  Ceromya  excentrica. 
f.  Perforated  limestone  with  Pteroceras. 

CORALLIAN  OR  SeQUANIAN. 
1.  Second  zone  of  Terebratula  humeralis. 

Astartian  limestone. 
2.  Second  zone  of  Cardium  corallinum. 

La-Mothe  oolite. 
3.  First  zone  of  Terebratula  humeralis. 

a.  Lithographic  limestones. 
b.  Saucourt  oolite. 
c.  Limestones  with  Nautilus  giganteus. 
d.  Upper  rubbly  limestone  with  Cidaris  florigemma. 
e.  Limestone  with  Amm.  achilles. 
f.  Limestone  with  Amm.  bimammatus. 

4.  First  zone  of  Cardium  corallinum,  and  zone  of  Hemieidaris 
crenularis. 

a.  Upper  marls  without  fossils. 
b.  Diceras-oolites,  and  lower  rubbly  limestones  with  Cidaris 

florigemma. c.  Lower  marls  without  fossils. 

OXFORDIAN. 
Zone  of  Amm.  transversarius. 

a.  Beds  with  Amm.  Henrici  and  Amm.  oculatus. 
b.  Beds  with  Amm.  Babeanus. 
c.  Beds  with  Amm.  Martelli. 
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This  is  an  exceedingly  complicated  classification  ;  but  it  is  neces- 
sary to  give  it  in  full,  because  points  of  discussion  arise  depending 

on  its  details.  According  to  the  descriptions  given  by  Tombeck,  all 
kinds  of  extraordinary  developments  of  the  Corallian  rocks  take 
place  in  this  district,  and  many  differences  are  observable  from  any 

thing  found  elsewhere;  but  though 

Fig  5  —Map  of  Part  of  the     {t  maJ  seem  presumptuous  to  found 

Valley  of  the  Bognon.     anY  opinion  upon  a  rapid  survey,  yet 

(Scale  1  •  80,000.)  ^na^  survey?  directed  to  the  special examination  of  crucial  spots,  fails  to 
reveal  any  thing  very  abnormal, 
though  there  are  considerable  differ- 

ences when  the  rocks  are  compared 
with  those  already  studied.  In  point 
of  fact,  an  examination  of  the  locality 
fails  to  comfirm  M.  Tombeck's  con- 

clusions in  several  important  points. 
The  chief  point  necessary  to  esta- 

blish is  the  true  succession  of  the 

rocks  which  lie  between  the  Yirgu- 
lian  and  the  Oxfordian  beds.  By 
the  aid  of  a  personal  examination  of 
the  spots,  aided  by  the  definite  facts 
recorded,  when  rightly  interpreted, 
one  may  come  to  a  pretty  sound  con- 
clusion. 

!  This  portion  of  the  series  may  be 
first  examined  in  the  valley  of  the 
Eognon.  Passing  down  this  valley 
from  Andelot  towards  Donjeux,  the 
Corallian  rocks,  in  the  form  of  rubbly 
limestones  with  Cidaris  florigemma, 
are  first  seen  on  the  left  bank  of  the 

stream  at  Roche-sur-Rognon.  Their 
base  is  not  here  well  exposed ;  but 
is  stated  (19)  to  consist,  in  the  neigh- 

bourhood, of  disaggregated  oolites 
with  Glypticus  hieroglyphicus,  over- 

lain by  white  coral-limestone.  On 
the  opposite  side  of  the  stream  the 
rubbly  •  limestones  are  themselves 
absent,  their  place  being  taken  at 
Cultra  by  compact  Oxfordian  lime- 

stones, similar  to  those  which  occupy 
so  much  of  the  ground  below  them 
(by  general  dip)  on  the  left  bank. 
This  is  doubtless  due  to  a  fault; 
though  Tombeck  (65)  actually  thinks 
the  rubbly  limestones  100  feet  thick 
have  changed  into  this  compact  well- 
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stratified  form  at  a  distance  of  500  yards.  A  second  cross  fault 
cuts  off  Cultra  from  the  cliff  of  Bettaincourt.  where  the  great 
Diceras-beds  occupy  the  ground  down  to  the  stream.  The  relation, 
therefore,  of  the  two  parts  of  the  Corallian  rocks  is  not  here  so  clear 
as  could  be  wished ;  but  some  portion  of  the  Diceras-beds  are  seen 
to  be  lying  on  the  top  of  the  rubbly  limestones  further  back  at 
Roche-sur-Rognon ;  and  at  Eeynel,  about  3  miles  to  the  east,  Tom- 
beck  (55)  describes  an  admirable  section,  having  at  the  base  Qx- 
fordian  marls  with  0.  dilatata,  then  grey  marls  with  Cidaris  flori- 
gemma  and  Hemicidaris  crenidaris,  next  a  mass  of  coral  limestone 
with  corals  in  situ,  gradually  becoming  oolitic  and  then  pisolitic  as  at 
Bettaincourt,  the  whole  being  300  feet  in  thickness.  Notwithstand- 

ing this  section,  however,  he  thinks  (65)  that  the  one  form  changes 
into  the  other. 

The  Diceras-beds  at  Bettaincourt,  first  seen  here  in  a  journey 
westwards  in  their  full  development,  are  marvellous  deposits.  They 
consist  of  rolled  fragments  of  all  sizes,  coated  with  calcareous  cement, 
and  which  in  one  sense  may  therefore  be  called  oolitic  grains ;  but  they 
have  been  subjected  to  a  very  different  variety  of  the  process  which 
produced  the  concentric  coats  of  the  latter.  In  oolites  the  process 
is  tranquil,  in  these  tumultuous  and  rapid,  the  whole  presenting  the 
appearance  of  a  substratified  heap  of  rubbish  from  a  neighbouring 
centre  of  life,  borne  along  by  the  ancient  currents  which  swept 
through  the  straits  of  Dijon.  Such  beds  might  be  supposed  to  re- 

place, with  almost  any  rapidity,  the  coral-growths  from  which  they 
are  derived,  or  to  die  out  entirely.  There  are,  however,  great 
varieties  in  the  Diceras-beds  themselves — pisolites,  large -grained 
oolites,  suboolitic,  and  thin-splitting  limestone  alternating ;  and 
various  groups  of  fossils  are  found  in  the  various  parts ;  but  yet 
the  whole  is  indivisible.  With  many  Dicerata  occur  Cidaris  flori- 
gemma,  Cardium  corallinum,  and  many  rolled  sponges.  The  other 
fossils  noted  were  Nerincea  sequana  and  other  species,  Littorina 
muricata,  Isocardia  striata,  Corbis  gigantea,  Lima  Iceviuscula,  L. 
pectiniformis,  Trichites  sp.,  Ostrea  pidligera,  and  Terebratula  mal- 

tonensis.  "What  the  real  thickness  of  these  beds  may  be  it  is  im- possible to  say ;  their  stratification  is  so  irregular,  and  their  change 
of  character  in  a  lateral  direction  so  marked,  that  all  estimates  are 
worthless.  Perhaps  300  feet  may  be  seen  in  the  Bettaincourt  hill-side  if 
there  is  no  real  dip ;  but  even  more  may  be  introduced  in  the  five  miles 
over  which  the  deposit  spreads.  It  is,  of  course,  easy  (50)  to  pick 

out  one  of  the  oolitic  portions,  and  call  it  the  "  oolithe  de  Saucourt," 
and  another  above  this,  and  call  it  the  "  oolithe  de  La  Mothe ; "  but 
the  actual  oolites  which  occur  at  those  places  are  not  therebv  proved 
to  be  superimposed,  unless  they  are  proved  identical  with  these 
beds,  which  has  not  been,  and  cannot  be  done.  The  whole  forms 
one  great  mass  (here  at  its  maximum  of  development),  representing 
on  the  one  hand  the  Novion  and  Vadonville  limestones,  and  on  the 
other  the  whole  mass  of  the  Diceras-beds  further  to  the  west.  The 
upper  portion  is  certainly  more  compact  than  the  lower.  On  reach- 

ing Saucourt  the  peculiar  character  of  the  Diceras-beds  is  lost ;  and 
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on  ascending  the  hill  we  find  the  oolites  above  worked  in  a  12-foot 
face,  and  overlain  by  a  shelly  limestone  crowded  with  Rhynchonella 
pinguis ;  this  is  followed  by  more  compact  limestone,  some  portion 
of  which  may  possibly  be  slightly  oolitic ;  but  there  is  nothing  re- 

markable to  distinguish  the  whole  series,  nor  is  its  relation  to  the 
Diceras-beds  below  very  clear. 

Succeeding  these  compact  limestones  comes  no  great  thickness  of 
irregular  limestones,  such  as  have  been  seen  to  characterize  the 
Astartian  beds  near  Gondrecourt ;  and  on  the  top  of  the  hill  follow 
the  marly  beds  with  Exogyra  virgida  in  lumachelles,  and  Phola- 
domya  acuticosta.  If  any  Pterocerian  is  to  be  made  out  here,  it 
must  be  by  a  very  close  examination  of  fossils,  which  are  not  by  any 
means  abundant. 

At  the  forges  of  Donjeux,  about  a  mile  further  on,  is  a  quarry  in 
which  the  oolite  of  La  Mothe  is  supposed  to  be  seen.  Here  the  top 
beds  consist  of  the  irregular  Astartian  limestones ;  and  the  base  of 
the  quarry  is  worked  for  massive  rocks,  which  are  on  the  whole 
compact,  varying  on  the  one  hand  to  lithographic  stones,  or  on  the 
other  developing  a  fair  proportion  of  oolitic  grains,  but  totally  un- 

like the  Diceras-beds,  because  like  any  other  semioolitic  rock.  Here, 
then,  is  no  repetition  ;  and  on  the  whole,  with  the  exception  of 
the  remarkable  Diceras-beds,  the  succession  in  this  valley  is  very 
similar  to,  and  certainly  consonant  with,  what  we  saw  in  the  last 
section  in  the  Meuse  department.  The  chief  noticeable  point  is  that 
the  peculiar  pisolitic  character  is  exhibited  rather  at  the  base  than 
towards  the  top  of  the  mass. 

Pig.  6.— Map  of  Part  of  the  Marne  Valley.    (Scale  1  :  80,000.) 

Now  let  us  pass  to  the  valley  of  the  Marne.  A  complete  section 
of  the  lower  portion  may  be  obtained  by  following  the  right  bank 
of  the  river  from  Youecourt  to  Buxieres,  and  then  mounting  the 
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hill-road.  The  base  of  the  hill  called  "  Les  Lavieres  "  is  formed  by 
well-exposed  sandy  marls  and  flaggy  beds,  which  are  very  poorly 
fossiliferous,  and  appear  to  represent  the  "  marls  without  fossils," 
the  only  fossils  obtained  being  Amm.  marantianus  and  Area  rhom- 
boidalis,  the  latter  a  fossil  of  wide  range.  The  amount  of  this 
material  must  be  considerable ;  in  fact,  in  the  neighbouring  cutting 
of  Buxieres  about  50  feet  is  seen.  Above  these  marls,  on  the  road 
running  north,  are  quarries  of  rock  somewhat  slipped  out  of  place, 
but  consisting  of  solid  blocks  of  true  oolites  with  Amm.  plicatilis — 
a  very  good  representative  of  a  "  coralline  oolite."  Soon  a  river- 
cliff  is  reached,  by  the  side  of  which  the  road  runs,  and  we  have 
a  continuous  section  with  scarcely  a  break.  First  there  is  a  shell- 
limestone,  in  parts  oolitic,  containing  Chemnitzia  heddingtonensis, 
Neritopsis  Guerrei,  Cerithium  inornatum,  Nerincea  sp.,  Trigonia  Etal- 
loni'l,  Lima  Icevvuscula,  Pecten  articidatus,  Ostrea  solitaria,  PhyncJio- 
nella  corallina  '?,  JR.  pinguis,  and  Terebratula  rotundata  ?.  There  are 
also  numerous  corals  ;  in  fact,  in  places  towards  the  upper  part  the 
rock  becomes  a  complete  reef:  but  the  corals  are  not  commonly 
Thamnastraean,  and  the  urchin  is  0.  SmitJiii  and  not  C.  florigemma. 
Nevertheless  these  coral-growths  must  represent  the  Eag ;  for,  traced 
upwards,  the  rocks  become  more  oolitic,  then  pisolitic,  and  finally, 
without  our  being  able  to  draw  any  line,  we  are  fairly  launched  into 
the  characteristic  Diceras-beds  with  all  their  great  masses  of  rubble, 
their  Diceras  and  Cardium  corallinum.  The  whole  of  these  beds 
constitute  a  magnificent  assemblage  of  limestones  which  can  scarcely 
be  less  than  300  feet  in  thickness.  There  is  no  change  here  in  a 
horizontal  direction,  as  stated  by  Tombeck.  The  beds  dip  slightly  to 
the  north,  which  brings  higher  beds  to  the  same  level;  but  the 
Diceras-beds  are  not  met  with  till  we  begin  to  mount ;  it  is  there- 

fore, on  the  contrary,  a  vertical  succession.  The  beds  which  overlie 
the  Diceras-beds  here  gradually  lose  their  pisolitic  character  and 
become  marly  and  rubbly,  but  are  often  compacted  into  solid  blocks. 
The  fossils  observed  in  these  beds  were  PJwladomya  Protei,  Ceromya 
striata,  Mytilus  perplicatus,  Trichites  sp.,  Ostrea  gregaria,  and  Tere- 

bratula Leymerii.  These  beds  represent,  apparently,  the  subdivisions 
C  to  F  of  Tombeck's  first  zone  of  Ter.  humeralis,  and  have  a  thickness 
of  about  60  feet.  They  are  here  followed  by  a  somewhat  more  oolitic 
block  capped  with  a  bed  of  RhyncTionella  pinguis,  which  may  well 
be  the  continuation  of  the  block  quarried  at  Saucourt.  Above  this 
come  compact,  nearly  lithographic  limestones,  which  occupy  all 
the  summits  of  the  hills.  The  whole  succession  is  here  therefore 
perfectly  clear,  and  it  is  singularly  like  what  has  been  recorded  as 
seen  at  Eeynel. 

There  is  nothing  in  all  this  to  indicate  any  thing  abnormal,  fur- 
ther than  the  characteristic  inconstancy  of  the  Corallian  rocks.  The 

Oxfordian  strata,  however,  appear  to  have  put  on  a  different  facies. 
There  is  here  no  Calcareous  Grit  with  characteristic  fossils,  nor  any 
Ferruginous  Oolite  ;  and  the  species  of  Ammonites  are  not  those  which 
are  common  to  the  east.  Further  down  in  the  Oxford  clay  the  zones 
appear  to  be  continuous,  and  hence  the  new  form  of  marls  with 
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Ammonites  marantianus  &c.  must  have  taken  the  place  of  the  upper- 
most portion. 

On  account,  however,  of  the  many  questions  which  have  heen 
raised  about  the  Haute  Marne,  taken  by  the  French  geologists  as 
their  typical  area  of  Corallian  rocks,  it  is  needful  not  only  to  make 
out  the  succession  from  the  rocks  themselves,  bub  also  to  discuss  the 
evidence  brought  forward  in  support  of  a  different  and  more  complex 
reading.  The  peculiar  changes  supposed  to  be  here  effected  in  the 
relations  of  the  recognized  Corallian  rocks  and  those  hitherto  con- 

sidered Oxfordian,  and  the  generalizations  founded  on  this,  have  been 
developed  by  degrees  in  numerous  papers  by  M.  Tombeck  (45, 48,  50, 
55,57,58,64,65,66). 

The  "  Marls  without  fossils,"  stated  by  M.  Eoyer  to  underlie  the 
Corallian,  were  first  made  to  be  their  lateral  equivalents  (55),  and 
afterwards  (64)  were  divided  into  two  parts  ;  and  the  whole  Corallian 
mass,  when  that  occurred,  was  inserted  between  the  two,  which  unite 
into  one  in  its  absence.  Hence  the  fossils  of  these  barren  marls,  espe- 

cially Amm.  marantianus,  were  considered  Corallian ;  and  wherever 
that  species  is  found  we  are  to  look  for  the  Coral-beds  and  Pisolites 
beneath  it.  Hence,  too,  the  beds  with  Amm.  tenuilobatus,  which  are 
said  to  come  above  those  with  Amm.  marantianus,  are  to  be  placed  in 
the  Astartian  instead  of  the  Oxfordian.  Now,  whatever  evidence 
there  may  be  elsewhere  to  show  the  true  position  of  these  zones,  the 
only  evidence  obtainable  from  the  Haute  Marne  shows  that  the  first 
zone  lies  below  the  Corallian. 

The  idea  that  the  Corallian  rocks  change  into  marls  depends  on  a 
comparison  of  the  series  in  the  valley  of  the  Marne  with  that  in  the 
neighbouring  valley  of  the  Aube,  and  will  be  discussed  later.  The 
newer  idea  that  they  are  to  be  intercalated  is  supposed  to  be  proved 
in  the  valley  of  the  Marne  itself. 

The  river- cliff  before  mentioned,  which  skirts  the  right  bank  of 
the  Marne  from  Les  Lavieres  to  Buxieres,  forms  a  semicircle  of  rocks 
having  a  fairly  constant  dip  to  the  north.  The  radius  of  this  semi- 

circle is  1500  yards  ;  and  near  the  centre  is  a  low  hill,  through  which 
the  railway  passes  in  a  cutting  at  a  distance  of  only  1000  yards 
from  the  cliff.  In  this  cutting  it  is  said  that  the  Diceras-beds,  300 
feet  thick  at  1000  yards  distance,  have  died  out  to  a  thin  wedge, 
and  may  be  seen  lying  in  the  midst  of  the  marls  (65)  and  the  under- 

lying rubbly  limestones  at  the  base.  Neither  of  these  statements 
can  be  accepted.  The  marls  at  the  cutting  are  the  continuation  of 
those  of  Les  Lavieres,  with  exactly  the  same  character :  there  are  hard 
bands  in  them  ;  but  these  are  not  Corallian  ;  and  the  top  of  the  cut- 

ting on  either  side  is  covered  by  the  shelly  limestones  of  the  cliff 
and  their  fragments,  with  corals  and  Pecten  articulatus  <fec.  Here, 
therefore,  the  Oxfordian  marls  are  seen  to  underlie  the  Corallian 
limestones.  The  Corallian  limestones  lie  very  slightly  unconform- 
ably  on  the  marls ;  so  there  may  be  something  wanting  here. 

Another  locality  supposed  to  prove  the  same  is  at  Youecourt, 
two  miles  to  the  south  (62).  Above  this  village  is  a  ravine  leading 
east  (Ravin  du  Heu),  and  a  road  sloping  up  the  hillside  to  Yieville 
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on  the  south  (Cote  du  Noeulon).  In  the  first  the  marly  limestone 
"  a,  A.  Holbeini  et  A.  marantianus "  is  said  to  be  seen  above  the 
Diceras-beds  ;  and  in  the  second  the  Diceras-beds  are  said  to  be  re- 

duced to  almost  zero  in  the  midst  of  the  clays.  If  "A.  marantianus 
is  found  "  (in  beds  which  lie  ?)  "  above  50  metres  of  Diceras-beds  at 
Baxieres,"  and  (in  beds  which  lie  ?)  "  above  30  metres  of  the  same 
at  Heu,"  still  one  swallow  does  not  make  a  summer,  and  the  rare occurrence  of  such  a  fossil  would  no  more  make  the  zone  of  Amm. 
marantianus  Corallian  than  the  occurrence  of  species  so  near  to  A  mm. 
cordatus  that  they  cannot  be  distinguished  in  Supracoralline  or  even 
Kimmeridgian  beds  makes  the  zone  of  Amm.  cordatus  a  part  of  the 
Kimmeridge  Clay.  The  actual  section  seen  at  Vouecourt  is  quite 
consonant  with  all  that  has  been  seen  before,  except  that  in  the 
Eavin  du  Heu  the  lower  part  of  the  section  is  much  distorted,  and 
the  Corallian  beds  on  the  north  appear  to  be  let  down,  as  by  a  fault, 
to  too  low  a  level  in  relation  to  the  Oxfordian  on  the  south.  The 
section  commences  at  the  top  with  compact  limestones,  as  at  Buxieres ; 
then,  below,  come  rubbly  limestones  with  abundant  Terebratula 
Leymerii,  T.  tetragona,  &c,  also  Rhynchonella  pinguis,  Pleuromya 
Voltzii,  Anatina  magnifica,  Mytilus perplicatus,  Pinna granulata,  Pec- 

ten inoequicostatus,  and  Nerita  Royeri.  Next  follow  marls  and  marly 
flags  containing  the  same  Brachiopoda,  Mytilus,  and  Pecten,  with 
Area  rhomboidalis  and  Pholadomya  cor  ?  These  are  the  beds  which 
contain  Amm.  marantianus,  according  to  Tombeck  ;  if  they  do,  it  has 
not  its  usual  associates,  and  is  therefore  out  of  its  place.  Below 
comes  a  great  mass  of  limestone  capped  by  a  rosy  large-grained 
oolite  ;  but  the  base  is  not  seen,  the  whole  being  so  disordered.  In 
these  were  seen  Lima  Iceviuscida,  Pecten  articidatus,  and  Rliyncho- 

neUa corallina.  No  doubt  the  Diceras-beds  do  not  here  make  such 
a  show ;  but  the  succession  above  shows  that  we  are  at  their  top, 
and  there  may  be  much  more  than  appears.  It  is  below  all  this 
that  the  whole  road  along  the  Noeulon  is  cut ;  and  it  shows  only 
the  marls  and  marly  limestones  of  the  Les-Lavieres  and  Buxieres 
cuttings. 

All  the  other  sections  in  and  near  the  Marne  valley  quoted  by 
Eoyer  or  Tombeck,  and  those  seen  by  the  Geological  Society  of 
France  on  their  visit  in  1856  (19),  are  perfectly  consonant  with  the 
present  reading,  and  may  be  easily  interpreted. 

To  complete  the  account  of  these  lower  beds,  as  developed  in  the 
department  of  the  Haute  Marne,  we  must  make  a  digression  towards 
the  west  to  Maranville  and  La  Mothe.  At  the  first  locality  on  the  left 
bank  of  the  Aube  we  are  supposed  to  recognize  the  Corallian  in  the 
midst  of  the  marls  ;  there  is,  however,  nothing  Corallian  about  them. 
The  rocks  seen  in  the  hills  here  are  a  series  of  marly  limestones  far 
more  argillaceous  than  any  seen  before,  having  a  thickness  of  120 
feet.  They  are  most  lithographic  above,  and  most  marly  below,  the 
intervening  portion  being  most  fossiliferous.  The  fossils  seen  are  Ox- 

fordian, viz.  Alaria  bispinosa,  Astarte  striatocostata,  Littorina  Meriani, 
Ostrea  multiformis,  Exogyra  spiralis.  There  is  nothing,  therefore, 
here  to  identify  any  portion  as  having  a  position  above  the  Diceras- 
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beds  ;  but  the  whole  corresponds  to  the  marls  below.  Though  nothing 
is  seen  above  these  Oxfordian  rocks  on  the  left  bank  of  the  Aube, 
the  whole  country  on  the  right  bank  to  near  La  Mothe  is  occupied 
by  limestone  rocks  very  similar  in  character  to  those  at  Buxieres, 
though  only  occasionally  observable.  At  La  Mothe  itself  the  most 
characteristic  rock  is  exactly  of  the  Doulaincourt  and  Buxieres  type, 
and  totally  unlike  any  thing  called  La-Mothe  Oolite  elsewhere  ; 
beneath  it  is  a  thick  mass  of  large-grained  oolite  (perhaps  30  feet), 
worked  for  building-stone  at  Curmont,  below  which  here,  in  an  exca- 

vation, are  seen  the  shelly  limestones  as  at  Buxieres.  The  succession 
is  exactly  the  same,  and  the  fossils  similar. 

In  Eoyer's  first  description  (4)  these  Diceras-beds  were  placed  on 
the  same  level ;  and  it  was  after  his  visit  to  the  valley  of  the  Yonne, 
where  two  Oolites  are  developed,  that  he  endeavoured  to  find  two 
also  in  the  Haute  Marne.  The  Oolite  at  La  Mothe  lies  on  a  mass  of 
compact  limestone,  which  he  traced  to  Soncourt,  and  there  found 
rubbly  beds  at  the  base.  These  rubbly  beds  he  apparently  took 
for  the  thinned  representative  of  the  whole  of  the  Corallian. 
Numerous  sections  seen  and  described  show  that  (as  at  Buxieres) 
the  base  of  the  Corallian  is  rubbly  and  Coralliferous  ;  but  it  has 
never  been  proved  that  the  Oolite  of  La  Mothe  overlies  any  such 
beds  as  the  rubbly  and  oolitic  limestones  which  cap  the  Diceras- 
beds  at  Buxieres  ;  on  the  contrary,  such  beds,  with  their  usual 
Brachiopoda,  are  seen  above  the  Oolite  in  the  neighbourhood  of  La 
Mothe  ;  and  these  are  followed  by  compact,  almost  lithographic  lime- 

stones ;  but  whether  immediately  or  not  cannot  be  certainly  made 
out.  Above  these  come  the  irregular  limestones  which  usually  in- 

dicate the  Astartian  zone ;  and  on  the  hill  of  Colombey-les-deux- 
Eglises  are  the  marls  full  of  Exogyra  virgula,  the  whole  being  very 
parallel  to  what  is  seen  above  Saucourt.  The  difference  in  elevation 
between  Curmont  and  Colombey  is  about  150  feet. 

On  the  undisputed  Astartian  and  Virgulian  of  the  Haute  Marne 
no  special  observations  have  been  made ;  but  it  may  be  noted  that 
the  Geological  Society  of  France  found  in  the  rubbly  limestones  of  Don- 
jeux,  associated  with  several  Nerincece,  Natica  hemisphcerica,  iV.  turbi- 
niformis,  Pholadomya  Protei,  Plectomya  rugosa,  Ceromya  excentrica, 
C.  obovata,  Exogyra  virgula,  Ostrea  solitaria,  Rliynchonella  pinguis(?), 
Terebratula  subsella,  T.  Leymerii,  and  Holectypus  corallinus.  Prom 
Joinville  northwards  we  have  the  most  complete  development  within 

the  basin  of  the  "  Portland  "  rocks.  At  that  town  great  masses  of 
lithographic  limestones  are  quarried,  all  with  the  peculiar  clay  bands 
dividing  them  into  thin  blocks,  and  containing  virgulian  lumachelles 
here  and  there.  They  have  a  great  thickness,  and  are  very  unfos- 
siliferous ;  there  are  some  alternations  of  marls  and  earthy  lime- 

stones, and  a  block  of  oolite  at  what  may  be  conveniently  called  the 
top.  The  Ammonites  that  have  been  found  in  them — A.  gigas,  A. 
suprajurensis,  and  A.  rotundus,  together  with  Trigonia  Pellati,  T. 
Cottaldi,  Cardium  Foucardi,  Myacites  jurassi,  Pecten  suprajurensis, 
with  others  recorded  by  Tombeck,  are  sufficient  to  correlate  these 
limestones  with  what  has  been  known  elsewhere  as  Lower  Portlan- 
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dian,  though  the  facies  is  too  different  to  permit  us  to  compare  it 
directly  with  the  portion  of  the  English  Kimmeridge  Clay  corre- 

sponding to  it.  The  next  portion  of  the  series,  called  by  Tombeck 
the  zone  of  Gyprina  Brongniarti,  consists  of  three  subdivisions,  each 
of  which  has  sufficiently  marked  lithological  characters  to  be  recog- 

nized without  fossils ;  and  they  are  admirably  shown  to  the  north  of 
Joinville.  The  thickness  of  this  portion  is  estimated  at  160  feet,  and 
it  is  far  more  fossiliferous  than  the  lower  group,  as  we  have  seen  it 
to  be  near  Bar-le-Duc.  Still  the  line  between  the  two  may  be  con- 

sidered arbitrary,  and  very  probably  does  not  correspond  to  the 
subdivisions  in  the  Department  of  the  Yonne.  Pinna  suprajurensis, 
after  which  the  series  is  named  in  that  locality,  occurs  here  in 
abundance  in  some  beds  above  the  Bure  Oolite,  which  are  not  cari- 

ous. The  whole  is  well  seen  above  Rachecourt,  as  Tombeck  says. 
The  chief  fossils  observed  in  this  series  are  Gyprina  Brongniarti, 
Mytilus  icaunensis,  Anatina  incequilatera,  Corbula  mosensis,  Gardium 
Dufrenoycum,  Gyprina  implicata,  Pecten  nudus.  These  beds  are 
here  better  developed  than  in  the  Meuse,  and  yield  more  data  for 
comparison.  They  are  succeeded  by  a  small  thickness  of  unfossili- 
ferous,  dirty-coloured  stones,  which  form  the  possible  representative 
of  the  "  Middle  Portland  "  of  Boulogne. 

Above  all  these  rocks,  and  seen  in  several  places  to  continue 
without  discordance  into  them,  are  the  remarkable  beds  placed  as 

the  "  Zone  of  Gyrena  rugosa"  They  partly  consist  of  grey  flags, 
sparkling  with  minute  crystals  and  crowded  with  Corbula!  infleoca, 
and  partly  of  vacuolar  oolite,  worked  in  thick  beds  free  from  fossils, 
having  here  and  there  bands  of  shells,  the  principal  of  which  are 
Astarte  rugosa,  Corbula  injiexa,  and  Avicula  rhomboidalis .  The 
beds  have  the  appearance  of  having  been  formed  in  shallow  water. 
These  rocks,  of  which  the  16  feet  worked  at  Chevillon  may  be  a 
maximum,  appear  to  be  separated  from  all  below  them,  both  in 
character  and  the  greater  number  of  the  fossils ;  and  under  these 
circumstances,  perhaps,  the  single  shell  (Astarte  rugosa)  which  they 
have  in  common  may  suffice  for  a  bond  of  union  with  the  English 
Portland  rocks.  The  development  here  is  extremely  restricted,  these 
rocks  not  having  a  range  of  more  than  30  miles. 

4.  Department  of  the  Aube. — We  here  come  under  the  guidance  of 
Leymerie  (7),  whose  work,  though  now  old,  is  admirable ;  and  very 
little  attention  appears  to  have  been  paid  to  the  department  since 
his  time.    His  classification  of  the  rocks  is  as  follows : — 

Upper  Jurassic. 
1.  Portland  limestone,  330  feet. 
2.  Marls  and  limestones,  with  Exogyra  virgula,  250  feet. 

Middle  Jurassic. 
1.  Astartian  limestone,  320  feet. 
2.  Nodular  white  limestones  =  Coral  Eag,  40  feet. 
3.  Lower  Coral  limestone. 

a.  Compact  limestone,  80-100  feet. 
b.  "Levique"  limestone,  50  feet. 
c.  Oolitic  shell-limestone,  80-100  feet. 
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Our  first  traverse  is  down  the  valley 
of  the  Aube,  on  either  side  of  Bar-sur- 
Aube.  At  Clairvaux,  not  very  far  north 
of  Maranville,  near  the  river,  there 
are  great  cement-works,  where  cement- 
stones,  more  or  less  sandy,  and  inter- 

spersed with  marly  beds,  are  worked  over 
a  thickness  of  40  feet  or  more.  These 
contain  abundant  fossils  ;  the  chief  noted 
were  Ceritliium  muricatum,  Pholaclomya 
canaliculata,  P.  cingulata,  Trigonia  per- 
lata,  Anatina  magnified,  Goniomya  sul- 

cata, Pinna  lanceolata,  Gervillia  avicu- 
loicles,  and  Exogyra  spiralis.  There  really 
cannot  be  very  much  doubt  whereabouts 
we  are  in  the  series  here ;  it  must  be 
the  top  of  the  Oxfordian,  somewhere  on 
the  level  of  the  Lower  Calcareous  Grit. 
These,  in  fact,  appear  to  be  the  beds  that 
are  missing  a  little  further  to  the  east 
(at  Buxieres),  and  probably  on  a  higher 
horizon  than  those  at  Maranville.  In 
any  case  the  fauna  is  perfectly  distinct 
from  that  of  the  somewhat  marly  lime- 

stones which  lie  above  the  Diceras-beds 

at  Youecourt.  In  Leymerie's  lists  no 
such  assemblage  is  noticed  ;  and  it  would 
seem  that  these  beds  were  not  open  to 
his  observation. 

The  immediately  overlying  rocks  are 
not  well  observable  here  ;  but  there  ap- 

pears no  sign  of  rubbly  Coral  Rag  or  of 
Diceras-beds,  in  place  of  which  the 
marly  beds  become  more  sandy,  then 
more  solid,  and  finally  change  into  a 
massive  limestone.  This  is  not  to  be 

wondered  at,  when  wTe  observe  the  great 
reduction  the  Diceras-beds  have  suffered 
between  Buxieres  and  La  Mothe.  We 

are  here  introduced,  in  fact,  to  the  fea- 
ture which  characterizes  much  of  the 

western  extension  of  the  Upper  Jurassic 
rocks  :  they  tend  more  and  more  to  be- 

come a  uniform  mass  in  which  recog- 
nizable rocks  of  peculiar  constitution 

are  mere  occasional  occurrences.  The 

solidity  of  the  limestones  in  this  dis- 
trict is  well  shown  in  a  quarry-face 

of  60  feet,  the  base  of  which  is  reached 
by  a  continual  ascent  through  a  stony 
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ravine :  and  here,  high  above  the  cement-stones,  perhaps  200  feet, 
we  find  a  fossiliferous  zone,  similar  to  that  at  Saucourt,  belonging 
to  the  compact  limestones  above  the  Dicer as-beds.  This  contains 
Area  lineolata,  Mytilus  longcevust,  Trigonia  Etalloni,  Avicula  obliqua, 
Pecten  suprajurensist,  and  Rliynchonella  pinguis.  Towards  the 
top  of  the  quarry  the  limestones  become  chalky.  These  great  masses 
of  course  occupy  the  country  for  several  miles  ;  and  thus  we  find  this 
same  fossiliferous  zone  three  miles  to  the  north  atBayel.  Here,  too, 

the  Rhijnchonella-'bed  lies  at  the  base,  and  the  upper  part  is  chalky. Cladophyllia  occurs  here  and  there ;  and  in  addition  to  the  same 
Trigonia  and  Avicula,  there  are  Pecten  vimineusl,  Cyprina  callosa, 
Bom.  ?,  Terebratula  tetragona,  and  Cidaris  Smitliii.  Traced  still 
further  upwards,  the  rocks  become  lithographic  and  unfossiliferous. 
The  whole  of  this  mass  was  considered  Astartian  by  Leymerie  ;  and 
hence  he  gives  320  feet  as  its  thickness ;  but  it  plainly  represents 
every  thing  which  lies  between  the  Oxfordian  and  Pterocerian. 
The  next  recognizable  beds  are  irregular  somewhat  marly  lime- 

stones, with  Pteroceras  Ponti  and  Mytilus  aeinaces.  In  such  a  mass 
it  is  difficult  to  recognize  Astartian  beds ;  but  it  seems  probable  that 
some  part  at  least  of  the  lithographic  limestones  belong  to  them ; 
and  hence  the  overlying  beds,  which  are  irregular  in  character,  and 
contain  one  of  the  characteristic  fossils,  are  the  best  representatives 
of  any  thing  that  could  be  called  Pterocerian  that  has  been  hitherto 
seen.  On  the  north  of  Bar-sur-Aube  the  marls  with  Exogyra 
virgula  are  well  exposed,  but  do  not  yield  many  fossils,  the  chief 
noticed  being  Pleuromya  tellina.  This  portion  of  the  series  pos- 

sesses but  little  interest,  but  is  followed  by  the  "Portland"  litho- 
graphic limestones  similar  in  character  to  those  at  Joinville,  and 

containing  a  plicatiloid  Ammonite  like  A.  biplex.  Above  this 
is  seen,  near  Bossancourt,  another  important  Oolite  in  this  series. 
It  is  the  one  which,  in  the  Haute-ALarne,  is  called  the  Bure 
Oolite*  here  developed  to  a  bed  of  considerable  importance,  more 
than  6  feet  in  thickness,  and  worked  in  underground  mines  for 
building-stone.  It  is  singularly  free  from  fossils  ;  but  below  it  are 
some  dirty-coloured  oolites,  with  Amm.  suprajurensis  and  small 
ovsters  ;  whilst  above  are  thin-bedded  rather  chalky  limestones, 
with  oysters  also,  and  the  following  fossils — Cardium  Dufre- 
noycum,  Cardium  Verioti,  and  Trigonia  truncata.  These  pass  into 
varying  limestones,  amongst  which  are  the  beds  containing  great 
branching  earth-filled  hollows,  hence  known  as  the  carious  lime- 

stones. They  are  well  developed — partly  chalky,  partly  rubbly — 
all  the  way  to  Trannes,  where  a  large  quarry  shows  the  last  of  the 
jurassic  rocks  in  this  district.  In  these  beds,  which  would  probably, 
if  searched,  reveal  a  good  fauna,  occurred  Lima  suprajurensis,  L.  bo- 
loniensis,  Pecten  suprajurensis,  Interna  fragosa,  Terebratula  subsella 
(var.  minor),  and  teeth  of  Lepidotu.s.  We  here  therefore  do  not  see 
beds  so  far  up  in  the  series  as  those  of  the  AEarne  valley,  no  repre- 

sentatives of  the  spotted  limestones  or  of  the  vacuolar  oolite  being 
preserved ;  but  the  lower  portions  seem  to  become  more  and  more 
fossiliferous  as  we  pass  westward. 
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The  next  traverse,  though  not  along  the  valley  of  a  river,  is  an 
exceedingly  instructive  one,  as  we  get  an  almost  complete  section 
from  the  Corallian  to  the  uppermost  beds.  This  is  across  the  hill 
that  intervenes  between  Gye-sur-Seine  and  the  Eiceys  in  the  south- 

western portion  of  the  department.  Commencing  at  the  former 
place,  we  find  a  cliff  cut  at  the  road-side,  and  all  the  rocks  laid  bare. 
At  the  base  is  (1)  shelly  limestone,  similar  to  that  at  the  top  of  the 
Clairvaux  section,  with  indications  of  bastard  oolite,  like  the  Di- 
ceras-beds  of  Doulaincourt,  and  containing  crinoid  stems  and  Rhyn- 
chonella  pinguis.  There  is  therefore  still  an  absence  here  of  the  great 
Diceras-masses  ;  and  the  type  is  conformable  to  that  of  the  valley  of 
the  Aube.  Next  (2)  are  from  30  to  40  feet  of  chalky  limestones,  split- 

ting into  rather  thin  layers,  with  Pholadomya  cingulata,  P.  cor  ?,  and 
AnisGcardia  Legayi.  Above  this  comes  (3)  a  2-foot  band  of  a  curious 
blue  earthy  limestone,  with  globular  masses  of  calc  tuff.  This  seems 
to  be  a  bed  of  separation  between  two  groups  of  rocks ;  it  contains 
few  fossils,  except  Pholadomyce  (cf.  P.  ampla).    If  any  definite 
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line  therefore  can  be  drawn,  it  is  above  this  that  the  Astartian  zone 
should  commence.    Next  comes  (4)  a  mass  of  abont  30  feet  of  solid 
huht-  coloured  sublithographic  stone,  with  two  bands  of  remarkable 
character,  made  up  of  rolled  fragments  recemented,  with  Naticce, 
Pecten  striatus,  Oeromya  wabrensis,  and  abundance  of  Terebratula 
Leymerii.    It  is  just  such  a  band  as  this  that  Prof.  Hebert  (31) 
elsewhere  thought  a  good  line  of  separation,  showing  the  distinctness 
of  Astartian  and  Corallian  beds ;  but,  as  it  is  obvious  that  they 
cannot  both  be  such,  they  both  lose  their  importance,  and  prove  that 
there  were  frequent  changes  in  the  deposits  about  this  period.  This 
same  feature  is  indicated  by  subsequent  deposits  in  this  section,  in 
which  are  many  rubble-beds  alternating  with  lithographic  lime- 

stones and  occasional  oolites.     Such  beds  have  a  thickness  of  about 
60  feet,  and  contain  Plioladomya  Protei,  P.  rostralis,  Thracia  tenera, 
Pecten    Tombecki,    Terebratula    Leymerii,  Rhynchonella   ?  matro- 
nensis,  Cidaris  Smithii,  &c.    This  is  followed  by  the  Yirgulian 
marls,  full  of  Exogyra   virgula  and  Plioladomya   rostralis,  for 
16  feet,  exposed  in  the  roadside,  but  extending  far  up  the  hill,  and 
finally  surmounted   by  lithographic   limestone,  with  Terebratula 
subsella.    On  continuing  the  route  to  the  Eiceys  the  descent  of  the 
hill  shows  a  second  section  corresponding  closely  with  the  first,  until 
the  chalky  limestones  (2)  are  reached ;  but  beneath  these,  instead 
of  the  shelly  limestones  with  only  traces  of  Diceras,  is  a  large  deve- 

lopment of  true  rubbly  Diceras  oolite,  of  which  15  feet  in  sheer 
height  are  seen  in  one  spot,  although  there  may  be  much  more  of  it. 
These  beds  form  the  cappings  of  the  hills,  and  assist  in  producing 
the  magnificent  escarpments  which  overlook  both  sides  of  the  river. 
Wherever  these  Diceras-beds  occur  they  never  require  to  be  looked 
for  ;  and  where  they  do  not  form  a  marked  feature  it  is  pretty  certain 
they  are  absent.    The  principal  fossils  noted  were  Nerinoea  umbili- 
cata  ?,  Diceras  arietina,  Nerita  Royeri  ?,  Trigonia  Etalloni,  and  Rhyn- 

chonella matronensis.  .  Beneath  these,  on  the  west  side  of  Bicey  Bas, 
is  worked  a  mass  of  6  feet  of  a  compact  oolite,  with  few  fossils  in  a 
crystalline  state.    Underlying  this,  again,  is  a  considerable  quantity 
of  white  chalky  limestone,  tending  to  be  flaggy  on  weathering,  and 
occasionally  false-bedded.    Of  this  there  may  be  60  or  70  feet,  the 
principal  fossils  being  Plioladomya  striatula,  Avicula  Gesneri,  and 
Rhynchonella  pinguis.    In  downward  succession  we  reach,  at  Le 
Yannage,  a  quantity  of  shelly  limestone,  with  abundance  of  corals, 
in  which  Pecten  vimineus,  RJiynchonella  corallina,  &c.  abound,  but 
in  which  no  Cidaris  florigemma  could  be  found.    On  crossing  the 

boundary  into  the  department  of  the  Cote  d'Or,  at  a  very  slightly 
lower  level,  there  are  numerous  quarries  in  a  calcareous  grit,  whose 
horizon  is  accurately  fixed  by  the  occurrence  of  Trigonia  spinifera. 
In  the  last-named  department  there  is  a  very  considerable  develop- 

ment of  the  lower  coral-beds,  with  Pecten  vimineus  and  Rhynchonella 
corallina,  followed  in  regular  succession  by  the  Oxford  grit  and  marls. 

This  traverse  has  been  given  in  greater  detail  because  it  appears 
to  be  a  very  important  one,  not  hitherto  noticed  or  described,  and 
serves  for  a  term  of  comparison  between  the  series  of  the  Aube 

Q.  J.  G.  S.  No.  148.  2  n 
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and  Haute-Marne  and  that  of  the  Yonne.  The  thicknesses  given 
by  Leymerie  must  be  maxima ;  but  the  succession  he  gives  is  well 
made  out.  It  is  obvious  that  he  reckons  the  whole  down  to  the 

Diceras-beds  to  belong  to  his  Astartian :  the  first-named  is  his  "  no- 
dular white  limestone,"  though  none  of  his  lists  of  fossils  contain 

Diceras;  and  the  underlying  beds  observed  in  the  valley  of  the. 
Laignes  are  his  "lower  coral  limestone  "  in  its  three  subdivisions  of 
"  compact  limestone,"  "  levique  limestone,"  and  "  oolitic  shell  lime- 

stone." Now  it  has  been  seen  that  the  Diceras-beds  occupy  the 
position  of  the  shelly  limestone  of  Clairvaux  and  Bayel,  and  hence 
we  ought  to  find  the  true  Coral  Bag  below  in  the  Aube  valley. 
Unfortunately  nowhere  has  Cidaris  fioric/emma  been  noted  ;  but  the 
false-bedded  character  of  the  "levique"  limestones,  and  the  record 
by  Leymerie  of  a  bed  in  them,  at  Gloire  Lieu,  entirely  composed  of 
Crinoids  (a  feature  so  characteristic  of  the  Coral  Hag  of  the  Meuse), 
leads  to  the  conviction  that  it  is  in  these  limestones  we  must  look 

for  the  representative  of  the  Rag,  and  that  the  coral  shell-beds  of 
the  Cote  d'Or  must  be  regarded  as  "  Coralline  Oolite,"  so  far  as  any 
separation  of  these  can  be  effected.  On  the  other  hand  the  great 
development  of  beds  below  the  Diceras-zone  and  the  coralliferous 
character  of  the  base  leads  on  to  what  we  shall  see  in  the  department 
of  the  Yonne,  and  show,  to  a  certain  extent,  a  repetition  of  the  section 
in  the  valley  of  the  Marne. 

5.  Department  of  the  Yonne. — The  general  description  of  the  Upper 
Jurassic  rocks  in  this  department  is  by  Leymerie  and  Raulin,  who 
divide  them  as  follows  (25)  : — 

Upper  Jurassic. 
1.  Portland  limestones,  135  feet. 
2.  Kiinroeridgian  marls  and  limestones,  330  feet. 

Middle  Jurassic. 
1.  Astartian  limestone,  33  feet. 
2.  White  coral  limestone,  300  feet. 
3.  Upper  Oxfordian  limestone. 
4.  Middle  Oxfordian  limestones  or  marls,  260  feet. 
5.  Lower  Oxfordian  ironstone,  33  feet. 

Equally  important,  however,  in  this  case  are  the  subdivisions  of 
M.  Cotteau  (34,  42),  though  they  are  not  very  definitely  formulated. 
They  are  as  follows  : — PORTLANDIAN. 

1.  Zone  of  Pinna  suprajurensis. 
2.  Zone  of  Ammonites  gigas. 

KlMMERIDGIAN. 

Sequanian. 
1.  White  limestones. 
2.  Lithographic  limestones. 

CoRALLIAN. 
Diceras-beds. 

Oxfordian. 
1.  Zone  of  Ammonites  plicatilis  and  Cidaris  fiorigemma. 
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The  lower  portion  of  the  Oxfordian  is  not  brought  into  this  scheme, 
the  last  subdivision  being  in  another  scheme  made  the  base  of  the 
Corallian. 

Two  river-valleys  cross  this  district,  and  the  traverses  made  along 
these  give  a  complete  idea  of  the  development  of  the  rocks  under 
consideration,  which  here  attain  their  maximum  in  the  lower  part, 
where  they  are  truly  marvellous. 

Fig.  9. — Map  of  the  Valley  of  the  Armando n,  south  of  Tonnerre. 
(Scale  1  :  80,000.) 

We  commence  with  the  valley  of  the  Armancon.  At  Ancy-le-Franc 
an  admirable  section  commencing  in  true  Oxfordian  rocks  is  seen 
above  the  church.    Towards  the  base  are  marly  beds,  with  only  an 

2n2 
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occasional  calcareous  band.    The  fossils  at  once  indicate  the  horizon, 
those  noted  being  Amm.  tricristatus.  A.  Martelli,  Pholadomya  an- 

gustata,  and  Area  rhomboiclalis  ? '.    Traced  upwards  these  marls become  more  calcareous  and  are  almost  limestones.    They  are  there 
crowded  with  Pholadomya  paucicosta,  and  have  also  P.Jlabellata,  Cer- 
comya  antica,  Pinna  lanceolata,  a  Trigonia  like  T.perlata,  and  Pecten 
demissus.    They  become  finally  less  fossiliferous,  and  are  capped  by 
shelly  limestones.     This  series  may  be  traced  with  the  same 
character  westwards  to  a  great  roadside  quarry,  where  a  face 
of  40  feet  of  sandy  limestone  is  worked,  and  .so  on  to  Pacy, 
where  the  well-known  quarries  have  yielded  many  fossils,  the 
chief  of  which  are  Amm.  cf.  plicatilis,  Belemnites  ?  Royeri,  Pholado- 

mya paucicosta,  Myoconcha  Rathieriana,  Trigonia  cf.  irregularis, 
Pecten  demissus,  Exogyra  spiralis,  and,  according  to  Cotteau,  Ostrea 
dilatata.    There  can  be  no  doubt  that  these  rocks  represent  true 
Oxfordian  strata ;  but  their  relation  to  those  in  the  valley  of  Jully 
has  not  been  made  out,  though  it  is  highly  improbable  that  the 
latter  are  older,  as  they  contain,  according  to  Leymerie  and  Raulin, 
the  characteristic  fossils  Ammonites  perarmatus,  Rhynchonella  va- 
rians,  and  Pecten  Jibrosus,  which  have  not  been  found  here.  The 
numerous  changes  thus  observed  in  the  character  of  the  rocks  which 
underlie  the  Corallian  must  be  due  either  to  an  unconformity  or 
to  a  very  variable  development  of  the  Oxfordian  strata ;  but  we  can 
hardly  accept  the  arrangement  of  the  strata  by  the  above-named 
authors,  who  place  the  beds  with  Rhynchonella  varians  as  the  Lower 
Oxfordian,  while  those  at  Ancy  and  Pacy  are  considered  to  be  one 
facies  of  the  Middle  Oxfordian,  of  which  the  other  facies  is  the  Coral 
Rag,  to  be  noted  presently  at  Merry-sur-Yonne  and  elsewhere.  The 
next  succeeding  series  in  this  district  is  a  mass  of  lithographic  lime- 

stones, tending  to  split  into  thin  plates,  and  for  the  most  part  un- 
fossiliferous.    Here  and  there,  however,  in  its  mass  are  fossiliferous 
zones,  apparently  the  representatives  of  strongly  characterized  beds 
further  to  the  east.    The  lowest  of  these  has  not  actually  been  met 
with ;  but  it  is  very  instructively  described  by  Cotteau  (43),  as  seen 
in  the  neighbourhood  of  Gland,  where  the  following  upward  suc- 

cession is  determined: — (a) ferruginous  Oxford  clay ;  (b)  sponge-bed; 
(c)  limestones  of  Pacy ;  (d)  rubbly  limestone ;  (e)  coral-bed,  with 
Pecten  subarticulatus  and  Cidaris  florigemma  ;  (f)  lithographic  lime- 

stones ;  (g)  coralline  limestone  of  Tonnerre.    It  is  impossible  not  to 
see  in  the  beds  e  and  d  the  continuation  of  those  of  Yannage  and 

the  Cote  d'Or,  the  succession  being  perfectly  consonant  to  what 
we  might  expect.    There  are,  however,  other  bands  in  the  litho- 

graphic limestones  nearer  the  summit,  one  of  which  is  seen  on  the 
roadside  west  of  Commissey,  associated  with  a  rubble-bed  ;  another 
occurs  close  to  the  village  of  Angy  (below  the  white  limestone), 
where  it  was  seen  by  Hebert  (31),  and  considered  to  be  a  junction- 
bed  between  the  Corallian  and  Oxfordian,  though  lying  upon  one 
great  mass  of  lithographic  limestone  and  covered  by  another.  The 
commonest  fossil  of  this  series  is  Rhynchonella  corallina.    This  por- 

tion, though,  beiug  more  lithographic,  it  is  less  clearly  characterized, 
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will  occupy  the  place  of  the  compact  and  "  levique "  limestone  of 
Biceys,  if  we  find  above  it  the  representative  of  the  Diceras-beds. 

Above  the  lithographic  limestones  comes  an  enormous  mass  of 
white  chalky  limestone,  seen  on  the  right  bank  of  the  Armancon  be- 

tween Commissey  and  Tonnerre,  and  on  the  left  bank  at  the  well- 
known  quarries  of  Angy  and  Tonnerre.  The  limestone  of  Angy  is 
celebrated  for  its  fossils,  which  occur  in  profusion  and  in  admirable 
preservation.  A  face  of  50  feet  is  worked,  the  rock  being  more  sandy 
towards  the  base,  and  having  masses  of  Septastrcea,  large  Montlivaltioe, 
Triehites Saussurei,Diceras  sp.,  Rhynchonella  matronensis,  Terebratula 
maltonensis,  and  Cidaris,  apparently  not  C.florigemma.  As  this  is  the 

"  White  coral  limestone  "  of  Leymerie  and  Baulin,  we  find  it  credited 
with  300  feet  of  thickness.  This  it  might  well  be  judged  to  have  from 
the  hills  in  which  it  occurs ;  but  it  is  not  again  well  seen  till  the 
great  quarries  near  Tonnerre  are  reached ;  and  here  it  has  a  60-feet 
face,  which  contains  a  different  and  higher  portion,  remarkable  for 
the  great  masses  of  banded  flints  which  lie  more  or  less  in  lines. 

These  are  Nos.  7  to  15  of  Cotteau's  section  (34)  and  contain  many 
unusual  Echinoderms.  We  here  also  find  the  overlying  rocks, 
which  are,  first,  a  solid  block  of  10  feet  with  rolled  nodules  and  a 
few  specimens  of  Diceras  and  Rhynchonella  pinguis,  and  next  some 
nodular  and  coralliferous  beds.  The  corals  are  rolled  and  not  in  situ 
(No.  56  of  Cotteau).  Next  comes  a  coarse  oolite,  and  then  another 
rabbly  bed  with  massive  corals,  Rhynchonella  pinguis,  Terebratula 
Leymerii,  and  many  other  fossils,  but  no  sign  of  Cidaris  fiorigemma 
(No.  24:  of  Cotteau).  On  the  opposite  side  of  the  river  no  good 
exposures  of  the  white  limestones  occur  at  present;  but  Cotteau 

describes  an  important  quarry,  called  "  Voeeuses,"  which  contains, 
amongst  other  fossils,  Cardium  corallinum,  Glypticus  hieroglyphicus, 
and  Cidaris  fiorigemma.  The  upper  part,  however,  is  seen  about  2 
kilometres  south  of  Tonnerre,  containing  but  few  fossils,  but  in 
parts  composed  of  white  rubble  of  exactly  the  usual  character.  It  is 
plain,  therefore,  that  all  this  mass  must  be  considered  a  develop- 

ment of  the  Diceras-beds  of  Biceys,  in  which  the  peculiar  character 
is  less  regularly  marked,  and  the  fossils  are  therefore  somewhat 
different.  On  this  side  of  the  river  other  quarries  show  rubbly  beds 
above,  then  sublithographic  stone,  and  then  another  rubble-bed 
full  of  Terebratida  Leymerii,  which  Hebert  (31)  regards  as  the  base 
of  the  Astartian,  though  we  have  seen  near  Gye  that  there  may  be 
several  such  overlying  each  other.  Above  comes  a  coarse  brown 
oolite,  which  may,  or  may  not,  be  the  same  as  that  seen  on  the  west 
of  the  river.  In  any  case  the  sequence  on  this  side  matches  very 
well  with  the  Gye  section,  in  which  also  rubbly  beds  with  T.  Ley- 

merii were  overlain  by  oolite.  The  upward  succession  is  of  no 
particular  interest  here  ;  but  the  lithographic  stones  which  overlie 
the  oolites  gradually  become  more  chalky,  and  finally  yield  Exogyra 
virgula  and  Pholadomya  acuticosta,  beyond  which  the  beds  have 
not  been  traced,  as  they  are  better  known  near  Auxerre. 

The  next  traverse  is  up  the  valley  of  the  Yonne,  where  it  is  best 
to  commence  with  the  uppermost  beds.    It  has  been  seen  that 
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10. — Map  of  the  Tonne  Valley  south  of  Auocerre, 
(Scale  1 : 240,000.) 

Cotteau  divides  the  "  Portlandian "  rocks  into  two  groups,  the 
upper  of  which  is  the  zone  of  Pinna  suprajurensis.  This  is  very 
well  seen  in  the  neighbourhood  of  Auxerre,  and,  like  all  these  upper 
rocks,  is  more  fossiliferous  as  we  go  west.  After  the  splendid 
monograph  by  Loriol  and  Cotteau,  it  is  superfluous  to  quote  the 
fossils,  the  great  majority  of  which  come  from  the  upper  portion. 

"We  need  only  compare  the  series  with  those  seen  before.    In  the 
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valley  of  the  Tonne  there  is  no  oolite  to  compare  with  the  Euro 
Oolite ;  but  the  fossiliferous  beds  here  correspond  in  character  and 
fossils  to  the  limestones  of  Trannes,  and  therefore  to  the  "  carious 
limestones."  It  is  also  possible  that,  from  the  unevenness  of  the 
jNeocomian  denudation,  portions  of  the  higher  zone,  or  "  spotted  lime- 

stones," may  be  represented,  as  at  Villefargeau ;  but  the  series  is 
certainly  incomplete  in  its  upper  part;  and  the  question  of  any  passage 
here  into  the  jNTeocomian,  which  De  Loriol  propounds  (42),  cannot 

possibly  be  seriously  raised.  The  lower  portion  of  the  "  Portlandian  " 
rocks  is  well  seen  on  either  side  of  the  Yonne  valley,  where  quarries 
occur  with  a  40-feet  face  of  a  soft  chalky  limestone  with  intervening 
beds  of  marl,  in  which  there  is  occasionally  a  lumachelle  of  Exogyra 
virgula.  Some  of  the  marls  contain  abundance  of  Thracia  depressa  ; 
and  the  other  fossils  noted  were  Amm.  gigas,  A.  suprajurensis,  A. 
Oravesianus,  Plectomya  rugosa,  Cyjprina  Brongniarti  (in  another 
quarry),  and  Pinna  granulata.  These  beds  correspond  in  position  to 
the  lithographic  limestones  of  Joinville.  The  beds  in  this  locality 
have  a  gentle  rise  to  the  south,  and  the  sequence  can  be  well  taken 
up  again  near  Yincelles  and  Bailly.  The  tops  of  the  hills(ihere  are 
occupied  by  the  "  Portland  "  limestone,  beneath  which  come  earthy 
fossiliferous  limestones  with  large  examples  of  Terebratula  subsella 
and  Pholadomya  multicosta,  which  graduate  downwards  into  marls 
full  of  Exogyra  virgida.  The  Astartian  beds  are  not  well  seen  in 
any  section;  but  they  consist  partly  of  solid  and  partly  of  rubbly  lime- 

stones, with  bands  of  Terebratula  Leymerii,  containing  Plectomya 
rugosa.  Towards  the  base  the  beds  become  oolitic,  then  nodular, 
then  bedded;  then  comes  a  16-feet  mass  of  brownish  oolite*  with  Rhyn- 
chonella pinguis,  then  2  feet  of  solid  limestone.  Below  this  comes 
an  8-feet  block  of  solid  character,  here  and  there  containing  the 
peculiar  pisolite  of  the  Diceras-beds,  which  forms  the  cap  to  a  mass 
of  white  limestones,  varying  from  oolitic  to  chalky, .  and  containing 
Ceromya  excentrica,  Homomya  compressed ,  Nerincea  jpseudospeciosa? , 
Corbis  gig  antea, Trig  onia  Etalloni,  T.  variegata,  Pecten  Tombecki,  and, 
perhaps,  Cidaris  florigemma.  The  series  thus  described  is  ob- 

viously identical  with  that  seen  at  Tonnerre,  with  the  exception 
that  there  are  no  beds  of  rolled  corals  over  the  Diceras-beds.  The 

white  limestones  extend  some  way'  to  the  south,  where  they  are succeeded  by  lithographic  limestones.  The  basement  has  not  been 
seen,  but  is  stated  by  Cotteau  (42)  to  contain  Rhynchonella  coral- 
Una,  Terebratula  humeralis,  and  Pholadomya  paucicosta.  At  Mailly- 
la-ville  are  seen  some  20  or  30  feet  of  very  flaggy  beds,  succeeded 
by  12  feet  of  oolite,  and  then  a  development  of  the  most  extraor- 

dinary kind,  totally  different  from  any  thing  seen  before  and  of  great 
interest.  Along  the  banks  of  the  Yonne  are  fine  hoary  cliffs, 
composed  at  first  of  a  rock  resembling  a  consolidated  calc  tuff, 
without  any  stratification  and  weathering  into  peaks  ;  the  fossils 
are  not  so  numerous  as  might  be  expected,  though  Pecten  articidatus 

*  Above  this  bed,  Hebert  (21)  draws  the  line  between  the  Coral  Kag  and  the 
Kimmeridge  Clay. 
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and  Rhynchonella  corallina  were  noted.  On  the  same  level  these 
change  into  Diceras-beds  of  characteristic  material,  with  many  ex- 

amples of  that  genus  ;  and  finally,  at  Merry-sur-Yonne,  an  immense 
cliff,  200  feet  in  height,  and  carved  into  fantastic  shapes,  frowns  over 
the  river,  and  is  geologically  an  imstratified  heterogeneous  mass  of 
Coral  Rag,  Diceras-beds,  and  rubble  all  together.  Huge  masses  of 
Thamnastrcea,  delicate  branches  of  Car yophy Ilia,  and  fan-like  growths 
of  Thecosmilia  here  and  there  ornament  the  surface  ;  and  in  the  inter- 

spaces innumerable  specimens  of  Dicer  as,  Gardium  corallinum,  stout 
spines  of  Gidaris  Jlo rig emma,  andTricJiites  a  foot  in  length  are  crowded 
together.  It  is  the  finest  example  of  a  Coral  Rag  visible  either  in 
the  basin  of  Paris  or  anywhere  in  England,  and  it  is,  undoubtedly, 
impossible  to  confound  it  with  the  much  higher  beds  described  as 
occurring  at  Bailly.  Rocks  of  this  description  form  the  boundary 
of  the  picturesque  valley  through  which  the  railway  runs  past 
Chatel  Censoir  to  Coulanges.  At  the  latter  place  there  is  an  almost 
equally  fine  cliff,  composed  of  a  white  limestone  as  beautiful  as  that 
of  Angy,  though  apparently  on  a  lower  level,  being  really  only 
a  modification  of  the  Coral  Rag  of  Merry.  Here,  too,  the  fossils  are 
in  profusion  and  perfect  preservation ;  the  finest  examples  of  various 
species  of  Diceras  occur,  associated  with  Nerincea  Cotlaldina  ?,  N. 
subnodosa,  Gardium  corallinum,  Hinnites,  Terebratula  insignis, 
Gidaris  florigemma,  corals  growing  in  reefs,  and  sponges.  This 
great  corallian  development  proves  conclusively  that  Diceras, 
Nerincea,  and  Gidaris  florigemma  are  not  always  characteristic  in 
any  sense  of  distinct  horizons,  and  that  the  lowest  portion  of  any 
possible  rocks  which  may  be  referred  to  the  Corallian  may  be 
characterized  by  the  latter  species.  If  the  series  has  been  rightly 
traced  in  our  journey  westwards,  these  great  coralliferous  masses 
must  be  the  grander  development  of  the  coral-growths  of  the  base 
of  the  series  in  the  Aube,  only  represented  by  thin  bands  at  the 
base  of  the  lithographic  limestones  in  the  valley  of  the  Armancon. 
Much  discussion  has  arisen  on  the  correct  position  of  these  lower 
coral-beds.  At  first  they  were  confounded  with  the  upper  Diceras- 
beds  and  supposed  to  be  repeated  by  some  fault  (3,  6).  Certain 
marly  limestones  developed  at  Vermanton,  with  a  proportion  of 
Oxfordian  fossils,  were,  at  that  time,  considered  to  belong  to  Ox- 
fordian  strata  (9,  14).  These  Yermanton  limestones  were  after- 

wards proved  by  Raulin  to  overlie  the  Coral  Rag  of  Chatel  Censoir 
and  Merry  (15) ;  and  as  they  were  still  considered  by  him  as  Upper 
Oxfordian,  it  followed  that  the  Coral  Rag  below  should  be  called 
Middle  Oxfordian,  and  as  such  it  appears  in  the  monograph  by 
Leymerie  and  Raulin  quoted  above  (25).  Cotteau,  however,  snowed 
by  an  exhaustive  examination  of  the  fossils  (16),  first,  that  the  Coral 

Rag  was  essentially  "Corallian"  in  the  usual  sense,  and,  secondly,  that 
the  Yermanton  marly  limestones,  though  from  their  similar  lithology 
they  appear  more  closely  allied  to  the  Oxfordian  than  to  the  coral- 
beds  below,  yet,  on  the  whole,  are  really  Corallian.  It  is  noteworthy 
that  though  these  marly  limestones  are  quoted  in  the  earlier  descrip- 

tions as  marls  "  a  Amm.  marantianus"  (15), the  only  Ammonite  given 
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in  Cotteau's  exhaustive  list  is  Amm.  achilles  ;  of  the  other  fossils, 
Trigonia  clavellata,  Ctromya  excentrica,  Unicardium  globosum, 
Phasianella  striata,  and  Cidaris  florigemma  are  the  most  noteworthy. 
These  beds  are  believed  by  MM.  Rover  and  Tombeek  to  correspond 
to  the  marly  beds  overlying  the  Diceras-beds  of  the  Haute-Mame  ; 
but  by  their  position  they  must  be  part  of  the  lithographic 
limestones  which  underlie  those  beds,  though  overlying  the  basal 
Coral  Rag. 

The  true  position  of  these  rocks  is  further  certified  by  continuing 
the  examination  downwards.  On  the  north  side  of  the  Tonne,  at 
Coulanges,  are  seen,  below  the  beds  already  described.  12  feet  or 
more  of  uniform  compact  limestones  with  Gryphcea  dilatata,  and 
then  some  sandy  limestones,  like  those  of  Pacy,  but  more  false- 
bedded  and  irregular,  with  abundance  of  Terebratula  bisuffcirr 
cinata,  also  Trigonia  spinifera,  Xerincea  allien,  and  many  corals 
here  and  there.  These,  which  are  doubtless  the  same  as  the 
siliceous  limestone  of  Druies,  correspond  very  well  with  what  we 
might  expect,  though  under  a  form  slightly  different.  It  is  at  some 
distance  below  these  that  the  fossiliferous  zone  of  Amm.  transver- 
sarius  occurs  on  the  road  to  Clamecy. 

6.  Department  of  Nievre. — The  only  description  of  the  Upper 
Jurassic  rocks  of  this  department  is  by  Ebray  (32),  supplemented 
by  some  notes  in  the  paper  by  AIM.  Douville  and  Jourdy  (60).  The 
series  is  thus  described  by  Ebray  : — 

KlMMERIDGIAN. 
Astartian  Limestone. 

Corallian. 

Upper  Lithographic  Limestone. 
Oolite  with  small  Diceras. 
Chalky  Limestone. 
Lithographic  Limestone. 
Oolite  of  La  Charite  with  Diceras  arietinum. 
Marly  Limestone. and  Lower  Lithographic  Limestone. 

Abgovia>\ 

Sponge-marls  with  Amm.  canaliculatus. 

The  only  traverse  made  in  this  district  is  along  the  valley  of  the 
Loire,  from  La  Charite  to  the  north  of  Pouilly.  At  the  former 
place  large  masses  of  very  marly  limestone,  having  a  markedly  Ox- 
fordian  aspect,  are  worked,  in  which  fossils  are  very  rare,  but  from 
which  Amm.  bimammeitus  and  Amm.  canaliculatus  have  been  recorded. 
These  continue  some  distance ;  but  halfway  to  Meves  are  large 
quarries  showing  a  -±0-feet  face  of  white  limestone,  with  much  of  the 
rolled  pisolitic  material  characteristic  of  Diceras-beds :  and  that  genus 
here  abounds,  associated  with.  Nerincea.  Had  one  never  seen  the 
limestone  of  Coulanges,  one  would,  doubtless,  take  this  for  the 
ordinaryDiceras-bed,  and  its  low  position  would  be  a  difficulty ;  but 
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Fig.  11. — Map  of  the  Loire 
between  Sancerre  and  La 
Charite.    (Scale  1  :  80,000.) 

_  Seels  J 

there  is  no  difficulty  now  in  re- 
cognizing it  as  the  tailing  off  of  the 

great  Coral-Pa  g-like  mass  which 
characterizes   the  valley  of  the 
Yonne,  more  especially  as  it  has 
not  been  recognized  on  the  left 
bank  of  the  Loire.     The  whole 
space  between  these  quarries  and 
those  of  Pouilly  appears  to  be  oc- 

cupied by  barren  lithographic  lime- 
stones, the  thickness  of  which  it  is 

impossible  to  estimate.   The  quar- 
ries of  Pouilly  are  worked  in  a 

finely    oolitic    stone,  somewhat 
false-bedded  and  containing  few 
fossils  ;  this  must  correspond  to  the 
white  limestone  of  Tonnerre  and 
Yincelles ;  and  we  should  expect  to 
find  representatives  of  the  Diceras- 
beds  above :  of  these  no  evidence 

was  found  at  Pouilly ;  but  Hau- 
lm (3)  and  Douville  and  Jourdy 

(60),  speaking  of  the  same  beds 
seen  on  the  opposite  side  of  the 
river  at  Sancerre,  describe  a  re- 

gular Diceras-bed  as  attaining  its 
maximum   there,   though  dying 
away  to  the  west.    On  the  hill 
north  of  Pouilly  are  seen,  first, 
lithographic  limestones,  then  some 
rubbly  limestones  with  Terebra- 
tula  Leymerii,  and  at  the  summit 
the  marls  with  Exogyra  virgula, 
and  no  more  is  apparent  in  this 
direction,    though   higher  beds 
might  well  be  developed.  These 
present  no  special  point  of  in- 

terest, beyond  showing  the  con- 
stancy of  this  portion  of  the  series 

in  contradistinction  to  the  varia- 
bility of  the  beds  below. 

7.  Department  of  the  Cher. — 
Works  on  this  department  have 

•  been  published  by  Fabre  in  1838, 
and  Boulanger  and  Bertera  in 
1850  (10) ;  but  the  most  recent 
description  is  that  by  Douville 
and  Jourdy,  above  quoted  (60). 
These  latter  authors  classify  the 
series  as  follows : — 
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KlMMERIDGIAN. 
Limestone  of  Barrois. 
Virgulian  marls. 
Astartian  limestone. 

A.  Marls  and  nodular  limestones. 
B.  Nerinrean  Oolite. 
C.  Eucoidal  marls  and  limestones. 

CORALLIAN. 
Upper  lithographic  limestones  with  Amm.  achittes. 

D.  Limestone  with  Pinna. 
E.  Compact  limestones. 

Chalky  limestone  of  Bourges. 
Lithographic  limestones. 
Sponge  limestones,  vnih.  Amm.  marantianus,  A.  bimammatus,  and^.  plicatilis. 

The  first  traverse  in  this  department  is  in  the  neighbourhood  of  Bour- 
ges, where  the  succession  has  been  already  well  studied  and  described. 

Prom  3  to  6  kilometres  north  of  the  city  the  Virgulian  marls  appear, 
overlain  to  the  north  by  lithographic  limestones,  belonging  doubt- 

less to  the  so-called  Portland,  and  at  the  hill  immediately  outside  of 
Bourges  the  different  Astartian  beds  are  seen.  The  highest  are 
earthy  limestones,  partially  lithographic  and  often  extremely  marly. 
The  characteristic  fossils  are  large  examples  of  Ceromya  excentrica  and 
Pholadomya  rostralis,  Terebratula  subsella  and  Plectomya  rugosa; 
Natica  Royeri  also  occurs.  The  next  seen  are  a  few  feet  of  rubbly  beds, 
becomiugvery  oolitic  below,  and  more  like  the  corresponding  rock  in 
the  Boulogne  area  than  any  yet  seen.  It  is  the  jNTerinsean  Oolite  of 
the  authors  quoted,  aud  contains  Nerincea  Desvoidyi?,  Trichites 
Sctussurei,  Terebratula  subsella,  abundance  of  T.  Leymerii,  Rhyn- 
chonella  pinguis  ?,  Pholadomya  rostralis,  and  Trigonia  Baylei,  the 
last-named  forming  an  interesting  connexion  with  the  rocks  at  Havre. 
The  lower  fucoidal  marls  have  not  been  examined ;  but  from  the  list 
of  fossils  quoted,  among  which  may  be  noted  Mytilus  perplicatus, 
Plectomya  rugosa,  Terebratula  subsella,  and  RhyncJionella pinguis,  it 
is  obvious  they  form  part  of  this  series.  On  the  south  of  Bourges  a 
different  group  of  rocks  occur,  the  upper  part  being  lithographic, 
unnecessarily  divided  into  two  parts.  The  fossils  are  few,  and 
belong  to  Pinna  obliquata  (a  broad  species),  Lucina  cf.  imbricata, 
and  Terebratula  ?  tetragona.  These  are  of  considerable  thickness,  and 
are  underlain  by  beautiful  white  limestone,  which  betrays  its  origin 
when  closely  examined.  It  is  then  seen  to  be  an  exceedingly  fine 
rubble,  having  here  and  there  larger  grains,  and  becoming  almost 
like  the  Diceras-beds,  to  which  it  corresponds,  and  into  which  it 
is  said  to  change  at  Sancerre.  Terebratula  cincta  and  RhyncJionella 
coraMina  are  extremely  abundant.  Lima  Iceviuscida,  L.  rigida, 
and  Corbis  gigantea  were  also  observed.  In  the  old  quarries  of  the 
Chateau,  what  are  probably  lower  beds  are  seen  through  20  feet  and 
more.  Here  are  abundance  of  massive  corals,  with  Cidaris  flori- 
gemma  and  many  shells,  but  fewer  Brachiopoda.  This,  then,  is  the 
true  Coral  Bag  as  usually  seen,  and  corresponds  to  the  white  lime- 

stones of  Tonnerre  and  Augy.  Below  this  the  beds  have  not  been 
examined,  as  they  are  stated  to  consist  of  a  uniform  mass  of  litho- 
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Pig.  12. — Map  of  the  Country  round  Bourges.    (Scale  1 :  160,000.) 

graphic  limestone  over  a  breadth  of  20  kilometres,  and  to  show 
no  signs  of  the  lower  limestone  of  Coulanges  and  La  Charite. 
Boulanger  and  Bertera,  indeed,  mention  a  coral  limestone  below  the 
lithographic,  to  be  seen  near  Venesme,  which  may  represent  it ;  but 
they  correlate  it  with  beds  with  Amm.  hecticus,  in  which  case  it  must 
be  Oxfordian. 

In  the  last  traverse  of  this  range  the  swallowing  up  of  all  portions 
of  this  series  into  uniform  lithographic  limestones,  below,  at  least,  the 
Astartian  beds,  is  carried  to  its  maximum  ;  for  though,  near  Chapelle, 
the  white  limestone  of  the  old  Chateau  quarries  is  still  seen  to  be 
developed,  it  is  much  diminished  in  thickness,  and  the  whole  of  the 
weary  way  from  that  locality  to  Chateauneuf-sur-Cher,  along  the 
borders  of  the  river,  is  occupied  by  a  dreary  monotony  of  thick- 
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bedded,  unfossiliferous,  lithographic  limestones.  One  peculiar  fea- 
ture, however,  is  to  be  noted.  About  two  miles  south  of  St.  Elorent, 

and  again  at  Lapan,  at  a  lower  level  in  the  series,  the  soil  appears 
of  a  peculiar  rich  red  colour,  and  at  the  latter  locality  the  cause  has 
been  ascertained.  Instead  of  the  ordinary  limestones  there  are  some 
beds,  at  least  3  feet  or  4  feet  thick,  of  a  crystalline  irregular  mass, 
which  are  suggestive  of  the  strangely  altered  rock  produced  from 
corals  and  coral-brash ;  and  in  this  mass  are  cavities  filled  with 
large,  round,  concentrically  coated,  limonite  concretions.  It  is  by 
the  decay  of  these  that  the  fields  are  covered  with  the  red  soil ;  and 
they  m&y  be  regarded  as  the  last  vestiges  of  coral-growths,  the  lower 
of  which  might  well  correspond  to  the  Coral  Rag  of  Merry.  As  we 
approach  Chateauneuf  the  limestone  becomes  white  and  more  marly, 
but  still  almost,  if  not  quite,  unfossiliferous  ;  and  it  is  only  to  the 
south  of  the  town  that  the  canaliculate  Ammonites  set  in,  associated 
with  abundant  sponges  and  Amm.  bimammatus  and  Amm.  Martelli, 
on  which  little  need  be  said,  since  they  are  so  obviously  Oxfordian. 
It  may  be  noted,  however,  since  the  authors  quoted  place  these  beds 
as  the  base  of  the  Corallian,  that  the  first  Ammonite  to  appear 
going  down  is  Amm.  canaliculatus ;  and  this  is  far  above  the 
sponge-bed. 

The  valley  of  the  Indre  has  not  been  examined  ;  but  Douville  and 
Jourdy  assure  us  that  here  even  the  white  limestones  are  wanting, 
and  the  whole  mass  between  the  Astartian  and  Oxfordian  consists 
of  nothing  but  barren  lithographic  limestones,  spreading  over  an 
expanse  of  30  kilometres  from  Levroux  to  Chateauroux. 

II.  The  two  Charentes. 

This  district  scarcely  forms  part  of  the  Paris  basin,  being  rather 
the  northerly  extension  of  the  Pyrenean,  and  will  doubtless  serve 
as  a  term  of  comparison  between  the  two.  Nevertheless,  being  so 
close  to  the  termination  of  the  great  range,  it  is  more  conveniently 
studied  on  the  present  occasion.  The  main  question,  however, 
of  which  the  solution  has  been  sought,  is  the  age  of  the  so-called 
"  Portland"  and  even  "Purbeck"  beds — whether  there  are, in  fact, 
in  this  area  any  rocks  corresponding  to  those  that  are  known  by 
those  names  in  England. 

1.  Department  of  the  Charente. — The  Jurassic  rocks  of  the  depart- 
ment have  been  described  by  Coquand  (24),  who  divides  the  upper 

portion  as  follows : — 
Upper  Jurassic. 

PvrbecJcian. 
Portlandian. 

Carious  limestone. 
Limestones  with  Nucula  inflexa. 
Oolitic  limestone. 
Limestone  with  Cardium  dissimile. 
Sands. 

Kimmeridgian. 
Virgulian  marls. 
Pterocerian  limestones. 
Astartian  limestones. 
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Middle  Jurassic. 
Corallian. 

Oolite  with  Nerinace. 
Coral  limestone. 
Solid  limestone. 

Oxfordian. Callovian. 

The  whole  series,  as  seen  between  Rochefoucault  and  Angouleme, 
is  extremely  calcareous,  and  no  physical  line  can  be  drawn  between 
the  Oxfordian  and  Corallian ;  every  portion  is  more  compact  than 
usual,  and  presents  no  such  marked  features  as  are  often  seen.  The 
Oxfordian  near  Rochefoucault  certainly  contains  coralliferous  beds, 

and  these  give  place  to  a  sandy  oolite.  Prom  Coquand's  descrip- 
tion it  appears  that  the  uppermost  portion  of  the  Oxfordian  contains 

in  some  places  such  fossils  o&Pecten  demissus,P.  subfibrosus,  and  Rhyn- 
chonella  Thurmcmni,  and  in  others  Amm.  oculatus.  A.  erenatus,  and 
A.Henrici,  and  is  followed  by  a  brecciiform  limestone,  indicating  that 
the  Corallian  here  also  lies  on  different  portions  and  is  really  uncon- 

formable. The  massive  limestones  of  the  last-named  group  occupy 
a  wide  expanse  of  country,  but  finally  give  way  to  rather  rubbly 
limestones,  doubtless  the  "Coral  Limestone"  of  Coquand,  which, 
however,  scarcely  forms  a  "Rag";  and  these,  again,  are  replaced 
by  compact  suboolitic  limestones,  containing  Die-eras  at  Touvres,  and 
in  which  Coquand  records  several  Nerinazce  and  Cardium  eorallinum, 
Terebratula  insignis,  and  Rhynclionella  corallina.  It  is  obvious,  there- 

fore, that  the  succession,  though  somewhat  obscure  from  the  similarity 
of  the  rocks  to  each  other,  is  the  same  that  we  have  seen  in  the  great 
range  before  the  lower  Coral  Rag  appeared.  The  Astartian  beds  are 
not  here  of  any  great  importance,  consisting  of  marly  limestones,  with 
Pholadomya  rostralis  and  Ceromya  ecccentrica.  The  fossils  quoted 

by  Coquand,  except  the  Astarte  supracorcrflina  ("minima"),  are  not 
specially  characteristic ;  and  it  is  to  be  noted  that  he  considers 

some  beds  at  La  Rochelle,  which  d'Orbigny  placed  in  the  Corallian, 
to  be  the  calcareous  representatives  of  these  more  marly  rocks. 
Traced  upwards,  however,  they  become  still  more  marly,  and 
contain  abundance  of  Eocogyrq  virgula.  Indeed  this  part  of  the 
series  is  rather  exceptional ;  and  after  seeing  so  much  limestone 

one's  eye  is  refreshed  by  the  sight  of  veritable  clay,  extending 
through  a  considerable  thickness.  These  irregular  beds  may  be 
taken  up  again  in  the  railway- cuttings  north  of  Angouleme ;  but 
the  lower  portion,  distinguished  as  Pterocerian,  which  is  to  be  seen 
some  six  miles  to  the  north,  at  Vars,  has  not  been  examined.  It 

appears  from  Coquand's  description  to  be  more  than  usually  distinct 
in  this  district  by  its  fossils,  which  include  Nautilus  giganteus, 
Pteroeeras  oceani,  Chemnitzia  Danaa?,  Pholadomya  Protei,  Mytilus 
medus,  and  Ostrea  solitaria.  The  Yirgulian  marls  near  Angouleme 
are  fairly  fossiliferous,  the  species  noted  as  associated  with  Exogyra 
virgula  being  Natica  omata?,  Plectomya  rugosa,  Area  cf.  rlivmboi- 
dalis,  Trigonia  concentrica,  T.  monilifera^,  Gervillia  Tcimmeridiensis, 
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Tkracia  depressa  (towards  the  top),  Mytilus  virgulinus,  Ceromya 
concentrica,  and  Pecten  suprajurensis ;  and  to  these  Coquand  adds 
Ammonites  longispinus,  Pholadomya  acuticosta,  and  Pleuromya 
tellina.  The  rocks  therefore  which  here  underlie  the  "  Portland  " 
are  the  same  that  have  been  hitherto  recognized  as  Virgulian,  and 
represent  the  lower,  or  at  most  the  middle,  portion  of  our  English 
Kimmeridge  Clay.  AVe  are  therefore  prepared  to  find  that  here  also 

the  "Portland"  beds  are  no  higher  than  those  usually  so  called.  Xow, 
tracing  upwards  the  beds  towards  Angouleme,  we  find  a  set  of  rather 
rubbly  fossiliferous  limestones,  containing  Pholadomya  decemcos- 
tata,  Trigonia  concentrica,  T.  cf.  Bronnii,  Area  laura,  and  Cerithium 
septemplicatum.  These  rocks  become  more  sandy  by  degrees,  and 
at  last  form  a  peculiarly  crisp  calcareous  sandstone.  The  fossils  in 
this  sandstone,  as  noted,  are  Pseudomelania  gigantea,  Corbis  Rathier- 
iana,  and  Avicula  Credneriana,  all  characteristic  species  of  the 

"  Lower  Portland."  Xo  more  is  seen  in  this  section,  as  the  Hip- 
purite  limestone  lies  unconformably  upon  the  last-named  stratum. 
The  higher  beds  of  the  district  were  therefore  examined  in  the 
neighbourhood  of  Jarnac.  The  section  at  Souillac  could  not  be 
verified  as  showing  four  subdivisions  overlain  by  gypseous  beds  ;  but 
much  oolitic  stone  is  worked  to  the  west  of  Jarnac,  as  far  as  Chassors 
and  Xercillac,  to  a  thickness  of  at  least  12  feet ;  in  this  Cyprina 
Brongniarti  is  the  characteristic  fossil.  From  the  fact  of  this  species 
not  being  quoted,  but  in  its  place  Cardium  dissimile  (only  a  single 
doubtful  example  of  which  could  be  found),  and  from  the  similarity 
of  the  casts  of  these  two  shells,  is  it  possible  to  conclude  that  for 

the  latter  we  ought  to  read  the  former  in  Coquand's  lists  ?  Still 
something  very  like  the  Cardium  dissimile  was  seen  at  Nercillac,  and 
also,  as  will  be  seen,  in  the  He  d'Oleron.  The  other  fossils  noted 
at  Chassors  &c.  are  those  often  accompanying  Cyprina  Brongniarti, 
or  belonging  to  a  higher  zone,  viz.  Cyprina  implicata,  Astarte 
rugosa,  Pecten  nudus  (  =  jarnacensis),  Cardium  Dufrenoycum, 
Astarte  regidaris,  Corbida  mosensis,  and  Mactra  insidarum.  Over- 

lying these  near  Jarnac  are  more  flaggy  beds,  with  many  small 
oysters  at  the  base.  Comparing  this  with  the  more  complete 
development  in  the  Haute-Hame,  the  beds  here  shown  belong- 
obviously  to  the  zone  of  Cyprina  Brongniarti;  and  as  several  of 
the  fossils  indicate  at  least  the  upper  part  of  it,  though  the 
gypseous  beds  aoove  give  no  clue  to  their  age,  and  we  are 
therefore  left  without  proof  in  this  district  of  the  equivalents 
of  the  vacuolar  oolite  representing  the  true  Portland,  it  is  pro- 

bable that  such  beds,  though  under  a  somewhat  freshwater  con- 
dition, are  actually  reached,  being  represented  by  the  so-called 

"  Purbecks." 
2.  Department  of  the  Lower  Charente. — The  rocks  in  this  de- 

partment, originally  studied  by  d'Orbigny  (14),  have  since  been 
more  fully  described  by  Manes  (17),  who  divides  them  as 
follows  : — 
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Portlandian,  280  ft. 
Gypseous  beds. Lumachelle  limestones. 
Tabular  compact  limestones. 
Alternations  of  compact  limestones. 

Kilnmeridgiaii,  260  ft. 
White  chalky  limestone. 
Marls  with  Exogyra  virgula. 

Corallian,  330  ft. 
Coral  limestones. 
Limestone  with  Nerineeece. 

Oxfordian,  550  ft. 
Shaly  marls. 
Clays  and  marly  limestones. 

"Whether  the  rocks  in  the  Lower  Charente  are  really  different 
from  those  in  the  Upper,  or  whether  their  exposure  in  the  sea- cliffs 
gives  a  better  opportunity  for  judging  differences,  certain  it  is  that 
in  the  neighbourhood  of  La  Rochelle  one  is  immediately  aware  that 
one  is  studying  the  development  in  a  new  basin,  and  things  are 

changed.  If,  in  fact,  we  examine  the  lists  of  d'Orbigny  as  given 
in  his  '  Prodrome,'  we  find  that  out  of  222  Corallian  species  from  this 
locality,  no  fewer  than  90,  or  more  than  40  per  cent.,  are  peculiar, 
while  only  80  occur  in  any  of  the  localities  yet  studied. 

The  Oxfordian  strata  are  of  particular  interest  as  occurring  at 
Marans,  whence  the  name  of  Ammonites  marantianus  is  derived, 

which  indicates  that  we  should  expect  the  overlying  "Limestones  with 
Nerinoeae"  to  belong  to  the  true  Corallian  series.  The  lower  portions  of 
these  occur  on  the  north  side  of  La  Rochelle ;  but  the  upper  portion 
is  the  more  fossiliferous,  and  occupies  the  first  two  headlands  to  the 
south,  viz.  the  Point  des  Minimes  and  the  Point  de  Eoux.  Here  they 
are  very  marly,  with  beds  of  limestone  crowded  with  cavities  formed 

Pig.  13. — Map  of  the  Coast  round  the  Pertuis  cV Antioch. 
(Scale  1 : 240,000.) 
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by  fossils  which  have  decayed,  leaving  their  exteriors  perfectly 
moulded.  The  most  abundant  fossils  are  some  large  curved  Montli- 

valtice  (M.subnigra,  d'Orb.*?),  various  peculiar Nerincece, small  Cerithia, 
My  til  us  pectinatus,  Trigonia  acide'ata,  d'Orb.,  T.  TombecJci?  (T.  Me- 
riani  of  d'Orbigny,  but  not  that  species),  and  Astarte  bicostata. 
Thus  the  common  fossils  are  tbe  peculiar  ones,  and  one  must  fall 
back  upon  more  detailed  lists  of  rarer  fossils.  Amongst  those 

quoted  by  d'Orbigny,  the  most  important  for  correlation  are  Belem- 
nites  Royeri  (probably  from  the  lower  portion),  Ammonites  achilles, 
Katica  grandis,  N.hemisplicerica,  Turbo princeps,  Cardium  corallinum, 
Mytilus  acinaces,  Lima  Iceviuscida,  Avicula  polyodon,  Pecten  subarti- 
culatus,  Terebratvla  insignis,  and  Hemicidaris  crenularis.  None  of 
the  others  having  a  contrary  tendency,  it  is  plain  that  in  the  great 
mass  composing  this  series  we  have  represented  the  shell-limestone 
usually  included  in  the  Corallian,  up  to  and  including  the  Coral  Rag 
itself;  though  Cidaris  florigemma  does  not  appear  to  nourish  here, 
and  the  corals  are  not  Astrsean.  Passing  south  towards  higher  beds, 
we  find  some  more  marly  limestones  with  Plioladomya  Protei  and 
Pinna  obliquata  not  uncommon.  If  the  latter  shell  may  be  trusted 
to  keep  to  a  single  horizon,  it  should  represent  the  lithographic 
limestones  overlying  the  chalky  limestones  of  Bourges.  However, 
at  the  next  point,  Point  du  Che,  a  fine  development  of  a  Coral  Rag- 
is  seen.  This  is  credited  with  more  than  200  feet  by  Planes ;  but 
as  the  next  series  named  is  the  Yirgulian  marls,  it  is  obvious  that 
the  Astartian  beds  are  included  in  this.  The  cliffs  have  a  height 
of  30  feet  to  40  feet ;  and  all  is  apparently  Coral  Rag,  though  on  a 
higher  horizon  than  usual.  Fossils  like  Area  tetragona,  Lima  verdu- 
nensis,  Terebratida,  are  abundant,  with  spines  of  Cidaris ;  to  which 

may  be  added  from  d'Orbigny's  list  Nautilus  giganteus,  Xerince.a 
Mandelslohi,  Pinnigena  Saussurei,  Diceras  arietinum,  and  Hhyncho- 
nella  pinguis  ("  inconstans  "). 

This  portion  of  the  series  may  therefore  fairly  be  placed  on  the 
horizon  of  the  Diceras-  or  Supracoralline  beds,  like  the  far-off  coral- 
liferous  deposits  at  Xovion ;  and  it  corresponds  with  the  uppermost 
portion  of  the  Corallian  of  the  Charente,  as  described  by  Coquand. 
At  the  cliff  near  Angoulins,  very  little  to  the  south  of  the  Point  du 
Che,  the  last  of  the  rubbly  limestones,  with  Lima  Iceviuscida  and 
Ostrea  cf.  gregaria,  is  seen  occupying  the  base,  overlain  by  about 
5  feet  of  marly  beds  with  Plioladomya  Protei  and  Ceromya  ecccen- 
trica  of  large  size,  and  then  a  hard  limestone  band  with  many  fossils, 
amongst  which  are  corals,  Pecten  striatus,  and  Cidaris  Smithii?, 
but  also  a  great  abundance  of  Terebratida  Leymerii.  The  presence 
of  this  last  species  would  indicate  Astartian  beds,  which  are  other- 

wise unrecognized ;  and  these  are  doubtless  the  beds  to  which  Co- 

quand alludes  when  he  says  d'Orbigny  has  placed  them  with  the 
Corallian  on  account  of  their  being  calcareous.  As  noted,  however, 
by  Hebert  (54)  only  nine  of  the  species  found  here  are  common  to 
the  Corallian  beds  at  the  Point  des  Minimes.  In  the  same  paper  we 
learn  that  the  marls  of  Chatelaillon,  which  show  the  upper  succes- 

Q.  J.  G.  S.  No.  148.  2  o 
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sion,  contain  Amm.  cymodoce,  Natica  hernispJioerica,  Pteroceras  oceani, 
P.  Pontic  Mytilus  jurensis,  Ceromya  excentrica,  Thracia  suprajurensis, 
and  Pinnigena  iSaussurei,  and  are  therefore  very  fair  represen- 

tatives of  Pterocerian  beds,  especially  when  compared  with  those  at 
Havre.  Neither  these  beds  nor  the  overlying  Yirgnlian  marls  could 
be  specially  examined. 

The  so-called  Portland  beds,  however,  of  the  He  d'Oleron  demand 
particular  attention.  As  in  the  Charente  department,  the  upper 
part  is  gypseous ;  but  M.  Manes  does  not  on  that  account  call  them 
Purbeck,  but  classes  all  with  the  Portland.  The  beds  are  well  dis- 

played along  the  cliffs  and  shore  of  the  island  on  either  side  of  the 
harbour  of  St.  Denis.  The  lowest  beds  seen  are  (1)  massive  blue 
calc  grits,  which  stand  out  as  reefs  at  low  tide  on  the  north  of  the 
harbour,  and  are  broken  up  and  stacked  on  the  roads.  These  contain 
Ammonites  Gravesianus  and  Trigonia  cf.  concentrica.  They  are  suc- 

ceeded by  many  other  beds,  forming  scars,  which  are  better  seen  on 
the  south  of  the  harbour,  though  the  succession  may  not  be  perfect. 
The  lowest  beds  seen  here  are  (2)  marly  limestones  and  grits,  of 
unknown  thickness,  more  than  4  feet ;  next  is  (3)  blue  sandy  marl, 
3  feet ;  (4)  hard  blue  sandy  beds,  with  circular  fucoid  markings, 
with  Mytilus  Morrisii,  Trigonia  concentrica  ?,  Cardium  morinicum, 
and  Exogyra  nana,  2  feet ;  (5)  earthy  marls,  1  foot ;  (6)  solid  cal- 

careous block,  with  Cyprina  Brongniarti  (broad  var.),  Lucina  port- 
landica^,  Pecten  suprajurensis,  P.  jarnacensis,  Cardium  dissimile,  and 
Astarte  rugosa  ?,  1  foot ;  (7)  alternations  of  limestones  with  luma- 
chelles  of  Exogyra  nana  and  earthy  beds  with  Cardium  Morriseum. 
6  feet;  (8)  thin-bedded  limestones,  with  shale  and  clay,  10  feet. 
In  the  cliffs  on  the  north  side,  separated  from  the  low-water  rocks 
by  masses  of  blown  sand,  are  beds  which  must  succeed  the  above, 
but  perhaps  not  immediately.  These  are  (9)  alternations  of  thin- 
bedded  limestones  and  black  sandy  marls,  with  gypsum,  possibly  the 
continuation  of  (8),  12  feet ;  (10)  black  and  white  sandy  clays,  no 
fossils,  20  feet;  (11)  thin-bedded  and  laminated  clays,  3|  feet; 
(12)  black  laminated  clay  and  sandy  limestones,  8  feet ;  (13)  purple 
lithographic  suboolitic  limestones  in  thin  beds,  the  uppermost  when 
weathered  becoming  a  vacuolar  oolite,  and  containing  masses  of 
shell-fragments,  all  undistinguishable,  unless  one  is  a  flattened 
Cardium  dissimih  ?,  2  feet.  Above  this  are  still  some  white  chalky 
fragments ;  but  no  more  is  seen.  Here,  again,  therefore  the  same 
argument  holds  as  for  the  neighbourhood  of  Jarnac.  The  fossili- 
ferous  beds  cannot  be  lower  than  the  zone  of  Cyprina  Brongniarti  \ 
and  the  higher  beds  must  in  all  probability  represent  true  Portland 
rocks.  The  occurrence  of  Cardium  dissimile  is  especially  note- 

worthy. It  is  found  near  the  top  of  the  series ;  and  in  no  other 
locality  does  it  occur  lower  than  the  true  Portland.  If  the  rocks 
which  contain  it  be  of  such  an  age,  we  must  place  the  overlying 
gypseous  beds  in  the  same  category,  unless  we  choose  to  call 
them  Purbeck.  This  we  should  not  be  justified  in  doing  un- 

less we  had  the  whole  of  the  Portland  limestone  here,  which  is 
improbable. 
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III.  Normandy  with  Orne  and  Sarthe. 

1.  Department  of  the  Ome  and  Sarthe. — It  has  not  been  possible  to 
examine  the  feeble  development  of  the  Upper  Jurassic  rocks  in  the 
narrow  strip  which  leads  northwards  from  Le  Mans  to  Normandy. 
We  may  note,  however,  that  Hebert  (21)  shows  that  the  Oxfordian 
beds  with  Amm.  perarmatus  and  A.  cordatus,  which  he  calls  "  Middle 
Oxfordian,"  consist  of  sand  and  calcareous  grits  ;  while  the  "  Upper 
Oxfordian,"  with  Trigonia  perlata  (? " clavellata"),  Pholadomya  de- 
cemcostata,  Perna  mytiloides,  and  Geryillia  aviculoides,  is  marly.  This 
is  a  succession  very  like  that  to  be  seen  near  Trouville.  Near  Bel- 
leme  are  said  to  be  seen,  over  this,  calcareous  grits  full  of  Trigonia 
Bronnii  (surely  not  the  Supracoralline  species  !) ;  next  some  oolitic 
limestones,  with  large  Astarte  mysa  (?=A.  ovalis).  Next  come  piso- 

lites with  Nerinoece  (probably  equivalent  to  the  limestones  of  Trou- 
ville and  Osmington);  and  finally,  at  some  distance  above,  come 

Diceras-beds,  containing  Cardium  corallinum  and  Corbis  gigantea, 
which  have  not  been  matched  further  north.  These  Diceras-beds 
elsewhere  in  the  neighbourhood  are  said  to  be  covered  by  an  oolitic 
coral-limestone,  very  irregular  on  its  surface.  This  is  succeeded  by 
marls  and  marly  limestones,  with  Ostrea  deltoidea  and  several  other 

of  the  lower  fossils  of  Havre,  such  as  Trigonia  Meriani  ("  muricata  "), 
Cyprina  cornuta,  and  Khynchonella  inconstans  (?) ;  and  after  a  very 
slight  interval  come  the  Virgulian  marls.  These  facts  are  very  in- 

structive, as  showing,  amidst  a  general  development  similar  to  that 
of  Normandy,  some  of  the  peculiar  features,  e.  g.  the  Diceras-beds, 
of  the  great  southern  range. 

2.  Normandy. — In  studying  this  district  it  will  be  well  to  go,  in 
the  first  instance,  to  the  coast,  because  there  the  section  is  complete 
and  has  been  described  by  several  authors.  The  earliest  description 
was  that  by  Caumont  (1),  who  gives  some  account  also  of  the  inte- 

rior, and  recognizes  the  following  subdivisions  : — (1)  Kimmeridge 
Clay,  (2)  Glos  sand  and  Blangy  limestone,  (3)  Coral  Hag,  (4)  Oxford 
Clay.  A  later  and  more  complete  description  of  the  coast  only  is  by 
Hebert  (28),  who  gives  very  detailed  sections,  and  divides  the  rocks 
studied  into  (1)  Coral  Hag,  (2)  Upper  Oxfordian,  and  (3)  Middle 
Oxfordian.  A  further  description  of  the  higher  rocks  was  promised 
at  the  time,  but  has  never  yet  seen  the  light.  The  continuation 
of  the  series  on  the  opposite  side  of  the  Seine,  at  the  Cap  de  la 
Heve,  has  been  described  by  Dollfus  (30),  who  recognizes  three 
portions  of  the  Ximmeridgian,  as  (1)  Ammonite-clays,  (2)  Pteroceras- 
marls,  (3)  Trigonia-clays  and  limestones  ;  and  by  Lennier  (49),  who 
gives  a  detailed  section  of  the  beds  at  the  Cap  de  la  Heve,  and 
thence  to  Octeville. 

In  the  examination  of  this  section  the  English  geologist  is  at 
once  struck  with  the  extraordinary  resemblance  of  the  series  to  those 
at  Weymouth  and  Osmington.  So  close  indeed  is  it,  that  almost  bed 
for  bed  can  be  recognized ;  and  the  whole  becomes  therefore  an  admi- 

rable term  of  comparison  between  the  French  and  English  rocks, 
2  o  2 
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if  only  the  development  in  each  country  could  be  correlated  respec- 
tively with  these. 

The  cliffs  of  Auberville  are  mainly  composed  of  fossiliferous  Oxford 
Clay  (known  as  Argile  de  Dives);  and  Caumonts  section,  in  which  he 
indicates  the  presence  of  Coral  Rag,  Upper  Calcareous  Grit,  and  Kim- 
meridge  Clay  beneath  the  Cretaceous  rocks,  is  quite  deceptive.  Hebert, 
however,  gives  details  of  33  beds  seen  in  the  central  portion  of  the  cliff, 
all  referred  by  him  to  the  Middle  Oxfordian.  His  lower  19  divisions, 
comprising  195  feet  of  clays,  with  various  bands  of  nodules,  would 
correspond  to  the  Weymouth  Oxford  Clay.  To  within  60  feet  of  the 
top  this  is  pure  clay,  and  bands  towards  the  base  are  very  fossiliferous, 
the  horizon  being  indicated  by  such  fossils  as  Amm.  Lamberti,  A. 
arduennensis,  Turbo  Meriani,  Modiola  imbricata,  Nucida  ornata,  and 
Rliynclionella  varians.  These  are  succeeded  by  numerous  bands  of 
ferruginous  oolite,  scattered  in  the  midst  of  the  clays  through  a 
thickness  of  about  20  feet,  after  which  the  clay  still  continues  for 
another  40  feet.  The  whole  of  these  have  Ostrea  dilatata  in  great 
abundance.  One  might  be  tempted  to  regard  the  ferruginous  bands 
as  corresponding  to  the  JSTothe  grits ;  but  the  latter  are  better 
represented  by  the  mass  which  succeeds  the  Oxford  Clay.  This 
commences  with  a  bed  of  oolitic  grit  of  about  5  feet,  then  more 
clay  for  5  feet,  and  then  12  feet  of  strong  ferruginous  oolite  and 
grit,  which  is  marly  in  parts,  and  has  a  lumachelle  of  small  oysters 
at  the  top.  These  beds  are  very  constant :  they  may  be  traced 
all  along  the  cliff  of  Auberville  as  far  as  Villers,  and  may  be  seen 
again  at  low  tide  on  the  shore  east  of  Trouville.  At  this  last 
locality  the  lower  beds  contain  Ammonites  plicatilis  ?  and  Pecten 
Jibrosus.  The  intervening  clays  make  no  show ;  and  the  upper  part 
are  dark-brown  oolitic  grits,  exactly  similar  to  those  at  Osmington, 
crowded  with  large  Gervillia  aviculoides,  Trigonia  perlata,  and 
Pecten  Jibrosus  ;  towards  the  top  is  a  bed  of  Serpula  tricarinata, 
and,  finally,  a  regular  Trigonia-bed  like  the  lower  one  at  Osmington. 
These  are  the  beds  Nos.  20-29  of  Hebert's  Auberville  section,  and 
Kos.  2  and  3  of  his  Trouville  section,  which  is  rather  differently 
described.  The  principal  fossils  noticed,  besides  those  mentioned, 
were  Astarte  ovalis,  Cerithium  muricatum?,  Unicardium  globosum, 
Pleuromya  tellina,  and  Exogyra  spiralis.  The  next  portion  of  the 
series  corresponds  to  the  Nothe  clays.  It  consists  at  Auberville  of 
blue  clay  at  the  base  with  hard  bands  and  fossils,  and  at  the  top  of 
purple  unfossiliferous  clay,  making  a  total  of  6-8  feet.  At  Trouville 
the  base  is  darker,  and  contains  lumachelles  of  Exogyra  nana.  There 
is  a  hard  blue  calc-grit  with  fucoidal  marks  at  the  top,  which,  from  its 
position,  may  be  taken  as  the  representative  of  the  Bencliff  calc-grit. 
These  are  Nos.  30-32  of  Hebert's  Auberville  section,  and  apparently 
No.  3  of  his  Trouville  section,  though  the  grit  is  not  noticed.  Above 
these  come  about  6  feet  of  alternations  of  clays  and  ferruginous  oolitic 
bands  at  Trouville,  scarcely  recognizable  at  Auberville,  in  which 
Exogyra  nana  and  Pecten  Jibrosus  are  still  abundant,  with  Trigonia 
corallina,  Pecten  lens,  Lucina  Moreana,  and  Pseudodiadema  sp. 
These  must  be  reckoned  with  the  succeeding  beds,  which  are  perfect 
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representatives  of  the  Osmington  oolites.     Like  these  same  oolites 
as  seen  at  Weymouth  and  Osmington,  they  are  in  one  place  more 
compact  than  in  another.    They  are  large -grain eel  and  more  or  less 
rubbly  at  Trouvilie,  especially  towards  the  base,  and  in  alternating 
bands  np  to  the  top, where  they  are  capped  by  a  pisolite  full  of  Nerincece, 
forming  a  very  characteristic  horizon.    At  Auberville  they  are  like- 

wise very  oolitic  towards  the  base,  and  this  is  the  only  part  of  them 
which  is  anywhere  seen  in  the  cliff;  but  as  they  have  a  dip  towards  the 
S.E.,  the  upper  portion  is  exposed  in  stream-  and  road-sections  near 
Yillers,  beneath  the  Cretaceous  strata,  and  is  seen  to  consist  of  a  fine 
massive  oolite,  perhaps  as  much  as  20  feet  in  thickness,  with  scarcely 
any  fossils  except  Pecten  qualicosta.  The  more  pisolitic  beds,  however, 
are  crowded  with  fossils  everywhere,  the  most  abundant  species  being 
EcJiinobrissus  scutatus,  Opis  Phillipsii,  and  Cerithium  muricatum. 
Other  fossils  are  Chemnitzia  heddingtonensis,  Pleuromya  Voltzii, 
Nerinwa  elongata  (or  ?  fasciata),  Phasianella  Buvignieri,  and  Lima 
suhantiquata.    Above  this,  at  Hennecqville,  are  seen  blackish  oolitic 
beds,  of  no  great  thickness,  alternately  hard  and  soft,  with  Trigonia 
clavellata  and  Gervillia  avicidoides,  which  may  be  paralleled  with 
the  Trigonia-beds  of  Weymouth.     The  series  above  is  variable,  as 
usual  with  the  Coral  Hag.  At  Hennecqville  there  are  18  feet  of  dark 
unfossiliferous  clay,  rather  sandy  at  the  top,  and  rapidly  changing  in 
character  towards  Trouvilie,  where  it  is  almost  concealed.  Hebert 
mentions  that  at  Yillers,  in  some  locality  which  is  now  inaccessible 
to  observation,  marls  and  limestones  with  Cidaris  florigemma  succeed 
the  oolites.   Above  this  clay  at  Hennecqville  the  beds  become  oolitic 
again  through  12  feet,  and  very  similar  to  those  below*,  most  fer- 

ruginous at  the  base,  and  cavitary  towards  the  top  by  the  decay  of 
fossils,  the  most  abundant  of  which  here  are  Opis  corallina,  and 
Neri ncea  fasciata? .    There  are  also  Cerithium  muricatum.,  Littorina 
muricata,  and  Isodonta  Desliayesia.  The  capping  of  this  mass  for  about 
1  foot  at  Hennecqville  is  a  ferruginous  suboolitic  limestone,  full  of 
fossils,  especially  Cidaris  florigemma  and  some  corals — also  Nerincea 
imbricata,  Opis  eorallina,  Cypricardia  isocarclina,  Pleuromya  tellina, 
Pecten  vimineus,  P.  qualicosta,  Lima  proboscidea,  Ezeogyra  nana,  &c. 
This  is  the  only  representative  of  Coral  Rag  at  this  spot,  where  the 
clay  is  thick ;  but  as  we  pass  towards  Trouvilie  all  that  lies  above 
the  Osmington  Oolite  rapidly  changes  its  character  and  becomes  more 
calcareous.   The  last  exposure  towards  the  town  shows  massive  lime- 

stones with  rubbly  Cidaris-florigemma  beds  towards  the  top,  through 
an  aggregate  thickness  quite  as  great  as  at  Hennecqville  (31  feet) ; 
and  in  a  large  quarry  in  the  town  are  seen  beds  which  must  be  the 
representatives  of  this  portion,  though  very  dissimilar.    Here  at  the 
top  is  a  rubbly  coral-reef  mass,  utterly  irregular  at  its  base,  lying  in 

*  This  clay  and  oolite  are  so  similar  to  the  clay  and  oolite  below,  that  it  is 
possible  one  may  be  deceived  by  slips,  and  they  may  be  actual  repetitions.  At 
no  place  can  the  beds  above  the  Lower  Oolite  be  certainly  determined  ;  but  at 
Trouvilie  they  actually  lie  at  a  considerable  depth  below  the  beds  with  Cidaris 
florigemma,  which  latter  are  underlain  by  a  more  compact  limestone.  If  there 
be  a  slip,  it  is  a  very  uniform  one  and  parallel  to  the  face  of  the  cliff. 
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great  depressions  of  the  subjacent  limestones,  and  at  places  20  feet 
thick.  The  corals  are  Thamnastrcea  and  Calamojphyllia  ;  and  Cidaris 
florigemma  and  C.  Smithii  also  abound,  with  Littorina  muricata, 
Pseudomelania  Coquandi  ?,  Natica  corallina,  Pholadomya  Tombecki, 
Corbicella  sp.,  Ostrea  gregaria,  and  Acrosalenia  sp.  Underlying 
this  are  20  feet  of  shelly  oolites,  in  which  the  fossils  are  badly  pre- 

served, Trigonia  corallina  (?)  and  Opis  corallina  being  the  chief  noted. 
Below  these  again  are  4  feet  of  rubble  (with  Hinnites  velatus),  and 
then  3  feet  of  oolite.  This  quarry  does  not  appear  to  have  been  de- 

scribed before ;  but  it  is  of  considerable  importance  as  showing  the 
rapid  development  of  coral-growth,  since,  not  a  mile  away,  only  the 
feeblest  representative  is  seen  in  the  cliff.  In  the  other  direction, 
towards  Auberville,  however,  it  becomes  perhaps  of  still  greater  im- 

portance ;  for  at  Benerville  admirable  coral-masses  are  developed,  and 
slip  down  onto  the  sea-shore.  These  are  of  considerable  thickness, 
and  contain  a  crowd  of  all  the  usual  Rag  fossils,  as  at  Trouville ;  they 
are  underlain  by  oolitic  stone  and  unfossiliferous  clay.  The  whole 
mass,  however,  is  out  of  place ;  and  no  stratigraphical  data  are  obtain- 

able. Hebert  does  not  notice  this,  though  he  describes  the  clay 
onto  which  it  has  slipped  as  crowded  with  Oxfordian  fossils.  At 

Yillers  only  fragments  are  now  visible  ;  and,  according  to  Hebert's 
section,  the  reef  is  dying  out ;  for  he  indicates  only  about  16  feet 
of  limestones  and  marls,  including  the  Jlorigemma-mg.  From  the 
position  which  this  rag  occupies  with  relation  to  the  beds  below,  and, 
as  will  be  seen,  to  the  beds  above  also,  it  follows  that  it  occupies  the 

place  of  the  "  Sandsfcot  Clay,"  and  possibly  of  the  lowest  bed  also  of 
the  "  Sandsfoot  Grit,"  many  of  the  fossils  of  which  are  common  to  it. 
It  is,  however,  so  intimately  connected  with  the  subjacent  oolites,  as 
to  make  it  difficult  to  range  the  two  in  different  subdivisions  of  the 
geological  series. 

Above  the  representative  of  the  Coral  Hag  at  Hennecqville,  where 
alone  any  higher  beds  are  seen  on  the  coast,  come  calcareous  grits 
and  sands,  admirably  representing  (as  will  be  seen)  the  Sandsfoot- 
Castle  beds.  For  the  lower  15  feet  they  are  marly  sandstones  with 
Pseudomelania  striata  and  a  narrow  Nerincm ;  then  comes  a  hard 
calcareous  grit,  called  by  Caumont  the  Blangy  limestone,  from  its 
being  worked  at  a  village  of  that  name ;  and  above  this  a  series  of 
beds  varying  very  much  in  thickness,  containing,  towards  the  base, 
white  hummocky  calcareous  grits  with  intervening  yellow  sand  and 
beds  of  Trigonia  muricata  ;  then  fucoidal  grits  and  sands,  with  great 
masses  of  black  flints,  dying  out  to  nothing  (one  was  noticed  3  feet 
thick  by  16  feet  long) ;  and  at  the  top  honeycombed  masses  of  soft 
and  hard  sandy  beds,  the  cap  being  especially  hard,  and  serving  as 
a  ledge  on  which  the  overlying  clay  appears  to  rest  conformably, 
though  it  has  doubtless  slipped  down  and  covered  the  intervening 
beds  seen  further  east  at  Villerville,  and  blocks  of  which  here  strew 
the  strand.  The  whole  thickness  of  these  is  nearly  40  feet;  and 
they  contain  also  Ammonites  varicostatus,  Ghemnitzia  delta,  and 
Pinna  granulata. 

So  far  the  section,  instructive  both  by  its  resemblances  and  by 
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its  differences  when  compared  with  that  at  Weymouth,  has  been 
described  before ;  but  the  succeeding  beds  which  connect  it  with 
the  section  at  Havre,  and  complete  the  similarity  of  the  whole 
to  the  English  series,  appear  to  have  escaped  description.  So  com- 

pletely, indeed,  have  they  done  so  that  Hebert  (see  41)  states  that 
the  Trigonia-grits  of  Havre  are  separated  from  the  base  of  the 
Kimmeridge  Clay  by  160  feet  of  marls  which  overlie  the  Corallian 
beds  at  Hennecqville,  these  160  feet  being  obviously  the  overlying 
clays  which  have  slipped  forward  and  covered  the  grits  which  are 
seen  in  situ  further  on.  Though  of  considerable  thickness,  they 
have  been  subjected  to  so  much  disturbance  that  they  make  but 

little  show  even  "when  exposed,  as  on  the  shore  on  either  side 
of  the  village  of  Yillerville.  First,  overlying  the  last-named  grit  of 
the  Corallian  series,  which  forms  an  admirable  base  line,  are  about 
8  feet  of  marls ;  and  nest  a  series  of  remarkable  hard  beds  filled 
with  small  shells.  These  extend  through  about  4  feet,  and  are 
flaggy ;  some  of  the  bands  are  crowded  with  a  small  Oerithium ; 
others  have  abundance  of  Astarte  snpracoralUna,  Cardium  deli- 
batum?,  and  Eccogyra  bruntrutana.  Next  come  perhaps  10  feet 
(more  or  less)  of  grey  marls ;  over  which  lies,  apparently  in  situ,  a 
gritty  bed  full  of  black  pebbles  ;  then  more  marls,  8  feet  to  10  feet ; 
and  finally,  in  this  locality,  3  feet  6  inches  of  oolitic  ironstone 
and  associated  marls  with  Pecten  midas.  All  these  are  seen  together 
to  the  west  of  Yillerville.  On  the  east  side,  presumably  the  same 
oolitic  ironstone  bands  are  seen  in  slipped  masses  on  the  strand, 
followed  in  an  upward  direction  by  flaggy  sandy  marls  full  of 
Pleuromya  Voltzii  ;  then  some  more  marls,  8  feet ;  next  a  bed  of 
small  oysters  {Exogyra  nana  or  bruntrutana),  1  foot ;  next  3  feet  of 
soft  marl ;  and  then  the  ?emarkable  sandy  grit  with  Trigonice,  so 
well  known  at  Havre  and  Weymouth,  about  1  foot  in  thickness ; 
above  which  come  about  4  feet  of  clays  with  two  bands  almost  made 
of  0.  deltoidea ;  and  finally  the  ordinary  completely  argillaceous 
Kimmeridge  Clay,  which  so  often  slips  down  and  masks  the  beds  just 
described.  If  any  one  compares  this  section  with  that  at  Sandsfoot  *, 
he  will  see  an  almost  exact  identity,  in  which  the  ironstone,  the 
lumachelle,  and  the  Trigonia-grits  hold  their  relative  positions  and 
almost  their  distances — the  only  difference  being  that  the  0. -deltoidea 
beds  appear  here  to  lie,  as  they  are  said  to  do  at  Havre,  above  the 
Trigonia-grits  instead  of  below.  The  fossils  also  are  equally  charac- 

teristic, those  noted  being  Ammonites  cymodoce,  Belemnites  nitidus, 

Littorina  pulcherrima,  Natica  eudora,  Pholadomya  "  Protei,"  Opis 
angulosa,  Astarte  Micliaudiana  (called  ovata  before),  A.  trigonarum, 
Gyprina  Gonstantini,  Cyprina  cyreniformis?,  Trigonia  Meriani, 
T.  muricata,  T.  papillata,  Mytilus pectinatus,  Pecten  midas,  P.supra- 
jurensis,  P.  minerva,  Gervillia  Jcimmeridiensis,  Serptda  gordialis,  8. 
quinquangularis ,  S.  tetragona,  and  Montlivaltia  Lesueurii.  The  pre- 

sence of  this  latter  fossil  is  of  interest  as  showing  that  coral-growth 
had  not  died  out  here ;  for  it  must  be  to  the  lower  portion  of  this 

series  that  the  "  Upper  Coral  Rag  "  seen  in  Eingstead  Bay  must  be 
*  Q.  J.  G.  S.  vol.  xxxi.  p.  241,  and  vol.  xsxiii.  p.  270. 
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referred,  which  is,  at  the  same  time,  proved  to  be  on  a  much  higher 
horizon  than  the  ordinary  Coral  Rag  of  Normandy. 

The  section  thus  concluded  at  Villerville  can  be  perfectly  taken 

up  on  the  other  side  of  the  estuary  at  Havre ;  for  the  "  Trigonia- 
grit"  at  the  former  is  simply  the  continuation  of  the  Calcaire  a 
Trigonies  "  at  the  latter,  of  which  the  fauna  has  been  so  admirably 
illustrated  by  Dollfus.  These,  including  the  associated  marls  and 
other  hard  bands,  up  to  and  including  the  grey  clay  over  the  fossili- 
ferous  grit,  are  therefore  the  Kimmeridge  passage-beds,  as  was 
ascertained  by  Waagen  (35).  It  is  also  obvious  that  by  their  stra- 
tigraphical  position  and  by  many  of  their  fossils  they  represent  the 
Astartian  beds  of  the  rest  of  Trance*.  Of  the  overlying  beds  at 
Havre  little  need  be  said,  since  their  position  cannot  be  otherwise 
than  clear.  The  beds  included  between  Xo.  -I  and  Xo.  14  of  Len- 

nier's  section,  the  latter  being  a  hard  band  with  many  gasteropods, 
represent  Dollfus's  "  Marne  a  Pteroceres,"  and  the  basal  portion  of 
the  Lower  Kimmeridge  of  Weymouth.  In  Xormandy  there  is 

certainly  much  more  reason  for  establishing  a  "  Pterocerian  stage, ,J 
since  Pteroceras  Poati  is  a  very  common  fossil  both  at  Yillerville 
and  at  Havre,  and  has  associated  with  it  a  sufficiently  distinct 
fauna.  It  is  therefore  perhaps  only  due  to  the  imperfect  searching 

of  the  beds  at  "Weymouth  that  a  similar  fauna  has  not  been  dis- 
covered there.  Of  the  fossils  in  Dollfus's  list  which  are  found  only  in 

the  Pterocerian  beds,  the  following  occur  in  the  Lower  Kimmeridge 
of  Weymouth — Amm.  decipiens,  Pleuromya  tellina,  P.  donacina, 
Pholadomya  acuticosta,  and  Ostrea  solitaria.  Only  one  of  these  is 
at  all  characteristic ;  and  that  is  Phol.  acuticosta,  which,  as  we  have 
seen,  is  a  constant  species  in  the  Virgulian  marls,  whether  these  are 
divisible  into  two  parts  or  not.  In  fact  the  fauna  consists  almost 
exclusively  of  ATyacidye,  Gasteropods,  and  Echinoderms,  of  which 
the  latter  two  groups  are  so  remarkable  that  they  could  scarcely 
escape  attention  if  they  occurred  at  all  freely  at  Weymouth.  Hence 
though  the  beds  must  correspond  stratigraphically,  we  have  no  en- 

couragement in  this  country  to  recognize  a  "  Pterocerian"  subdivision. 
Two  other  fossils  may  be  noted.  Avicula  cedilignensis  occurs  in  these 
beds,  which  may  hence  be  a  guide  to  correlation:  and  about  halfway 
between  the  Trigonia- grits  and  the  Gasteropod-bed  are  bands  full  of 
Terebratula  Leymerii,  with  associated  nodular  beds.  It  would 
therefore  be  perfectly  defensible  to  raise  the  upper  limit  of  the 
Astartian  to  this  level,  except  that  E.  virgula  has  already  begun  to 

be  abundant.  The  "  Ammonite  clays  "  of  Dollfus  present  no  points 
of  interest,  as  they  are  but  poorly  seen  and  slightly  f  ossilif erous,  and 
they  do  not  attain  to  the  Upper  Kimmeridge. 

The  only  other  locality  examined  in  Normandy  is  the  neighbour- 
hood of  Lisieux  and  Glos,  which  presents  us  with  a  greater  develop- 

ment of  a  portion  of  the  series  seen  at  Trouville.  This  locality  is 
included  in  the  general  description  of  Xormandy  by  Caumont,  who 

*  This  is  not  the  conclusion  I  arrived  at  in  my  paper  on  the  Kimmeridge 
clay ;  and  the  correction  shows  the  advantage  of  a  personal  over  a  literary 
acquaintance  with  the  French  series. 
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gives  a  section  of  the  hill  of  Glos ;  and  it  is  specially  described  by 
Goubert  (29),  who,  with  Zittel,  illustrated  the  fossils  found  in  the 
sands.  Near  Lisieux,  on  the  road  to  Glos,  is  a  quarry  very  similar 
to  that  at  Trouville ;  for  at  the  base  is  6  feet  of  rubbly  limestone, 
then  5  feet  of  a  large-grained  oolite,  and  on  the  top  20  feet  of  rubbly 
coral  rag,  almost  a  Thamnastraean  reef  in  places,  and  containing 
Cidaris  florigemma  abundantly.  This,  therefore,  represents  the 
true  Coral  Rag.  At  a  distance  of  about  3  kilom.  from  this  quarry, 
on  the  north  side  of  the  bridge  leading  to  Glos,  is  a  very  instructive 
exposure.  At  the  base  we  have  a  rubbly  coral  rag  of  different 
character,  and  obviously  either  overlying  the  former,  or  a  changed 
development  of  its  upper  part.  The  beds  are  all  vacuous  by 
the  decay  of  fossils,  only  internal  and  external  casts  being  found. 
The  corals  are  Calamophyllian,  and  not  Thamnastraean :  and  there 
is  an  abundance  of  Nerincea  Gooclhallii,  with  Littorina  muricata, 
Cerithium  muricatum,  Trocliotoma  discoidea,  Chemnitzict  deli  a?, 
Natica  corcdlina,  Nerita  sp.,  Lucina  Moreana.  and  L.  balmensis? 
The  whole,  by  the  absence  or  rarity  of  Cidaris  florigemma,  by  the 
abundance  of  JSlerincece,  and  by  the  character  of  the  corals,  reminds 
one  of  the  Novion  limestone,  though  the  lithology  is  different.  Over- 

lying this  are  oolites  and  oolitic  sands  in  good  beds,  3 \  feet ;  next  a 
breccia  of  limestone-fragments  with  a  hard  15-inch  band  of  blue 
limestone  in  the  middle,  with  Pleuromya  tellina,  a  total  of  3  feet 
9  inches  ;  and  then  the  true  sands  of  Glos.  These  are  marly  at  the 
base,  but  become  more  sandy  by  degrees,  with  hard  glauconitic 
bands  or  nodules  containing  fossils;  but  finally  the  sand  is  abso- 

lutely unfossiliferous,  as  it  has  usually  been  reported  to  be  at  this 
spot.  The  thickness  here  seen  is  24  feet ;  but  it  certainly  extends 
much  further  up  the  hill.  The  fossils  noted  are  Ammonites  serratus, 
Pterocera  polypoda,  Trigonia  Bvonnii,  Gervillia  kimmeridiensis, 
and  Pecten  midas — a  group  rather  characteristic  of  higher  beds 
than  these  are  usually  considered,  and  which  leads  us  to  look  on 
these  sands  as  partly  equivalent  to  the  passage- beds  of  the  coast, 
especially  as  Caumont  records  a  section  at  Pont  1'Eveque  where  the 
Trigonia-grit  lies  immediately  on  the  sands  of  Glos.  The  quarry 
just  described  does  not  appear  to  be  the  place  where  the  usual  fossils 
have  been  gathered,  as  they  are  said  to  be  all  small  except  the 
Trigonia.  The  common  locality  in  fact  is  seen  on  the  opposite  side 
of  the  river,  where  a  greater  thickness  of  sand  is  seen  containing 
bands  white  with  fossils,  the  principal  of  which  are  Trigonia  Bronnii 
and  Lucina  circumcisa.  In  any  case,  the  exact  position  at  which 
the  sands  commence  in  reference  to  the  coast-section  is  clear,  the 
lower  beds  in  the  quarry  representing  the  first  beds  above  the  Coral 
Rag,  and  the  blue  limestone  the  hard  band  (called  "  Calcaire  de 
Blangy  ")  in  the  Hennecqville  Cliff. 

IV.  The  Pats  de  Bray. 

The  older  works  on  this  district,  such  as  that  of  Graves  (8),  have 
been  rendered  out  of  date  by  the  splendid  monograph  of  M.  de  Lap- 
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parent  (69),  published  as  one  of  the  memoirs  of  the  Geological 
Survey  of  France.  Only  a  small  portion  of  the  Upper  Jurassic 
rocks  is  exposed  in  this  district,  brought  up  to  day  by  a  N.W. 
and  S.E.  elevation,  from  the  summit  of  which  the  Cretaceous  rocks 
have  been  worn  away.  It  thus  affords,  as  it  were,  a  continuation 
of  the  coast-section  of  Normandy,  commencing  at  the  base  where  the 
latter  ceases,  namely  in  the  Virgulian  marls.  M.  de  Lapparent 
classifies  the  rocks  thus  exposed  as  follows  : — 

Upper  Portland. 
Ferruginous  sandstone,  speckled  clays,  greensand. 

Middle  Portland. 
Blue  marls. 

Lower  Portland. 

1 .  Upper  conglomerate. 
2.  Grlauconitic  calcareous  grit. 
3.  Marly  limestones. 
4.  Calcareous  grit  with  Anomice. 
5.  Beds  with  Ostrea  catalavnica. 

KlMMERIDGIAN. 
1.  Upper  clays  and  lumachelles. 
2.  Compact  lithographic  limestone. 
3.  Lower  clays  and  lumachelles. 
4.  Calcareous  grit  (Pterocerian  or  Astartian  ?). 

The  accuracy  of  this  description  has  been  verified  so  far  as  may  be 
in  a  brief  visit,  and  the  correctness  of  the  correlation  determined — 
with  one  important  exception,  which  may  be  the  subject  of  discus- 

sion. According  to  verbal  communications  from  M.  de  Lapparent, 
borings  executed  between  the  Pays-de-Bray  and  Boulogne  have 
shown  Cretaceous  rocks  lying  directly  on  Palaeozoic ;  so  that  we  are 
not  led  to  expect  the  Jurassic  rocks  to  be  continuous  between  the 
two  districts.  Nevertheless,  as  we  have  seen,  the  lower  portions  of 
the  deposits  under  study  are  remarkably  similar  to  those  of  England  ; 
and  as  the  true  Portland  rock  of  England  reaches  to  Boulogne  with 
little  change,  we  may  expect  the  intermediate  beds  to  be  also  similar 
to  those  of  England  and  differing  from  them  in  the  direction  of 
Bolonian  characters.  Judged  in  this  way,  the  so-called  "  Lower 
Portland"  (used  in  the  Bolonian  sense)  of  the  Pays-de-Bray  should 
begin  to  show  its  episodal  character  somewhat  lower  in  the  series. 

The  lowest  bed  visible,  the  sandy  calcareous  grit,  is  a  very 
doubtful  rock,  seen  only  at  one  place.  One  cannot  be  sure  that  it  is 
in  situ ;  and  its  badly  preserved  Trigonice  and  Astartce  suggest  that  it 

may  be  a  mass  belonging  to  No.  3  of  the  "  Kimmeridgian."  In  any 
case  it  has  no  particular1  resemblance  to  the  Trigonia-grit  of  Havre, 
and  cannot  lead  to  the  inference  that  we  are  here  low  down  in  the 

Kimmeridgian,  as  we  should  be  if  it  belonged  to  the  "  Pterocerian 
or  Astartian."  The  "Lower  Clays  and  lumachelles"  with  Exogyra 
virgula  present  nothing  worthy  of  note,  except  that  towards  the 
south  they  have  a  thickness  of  200  feet,  and  on  the  opposite  side  of 
the  same  valley  between  Louvicamp  and  Mesnil,  which  contains  the 
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Pig.  15—  Map  of  Part  of  the  Pays  de  Bray.    (Scale  1 :  240,000.) 

grit  above  discussed,  they  are  not  much  thinner.  The  upper  portion  of 
this,  in  which  the  lumachelles  and  the  intervening  material  become 

very  sandy,  requires  more  discussion.  M.  de  Lapparent  says  : — "At 
the  top  of  this  system  the  lumachelles  grow  together  into  solid  banks 
intercalated  with  very  sandy  material,  and  forming  rather  irregular 

masses  than  continuous  beds."  These  sands  and  doggers  are  well 
seen  to  the  north  of  Louvicamp.  The  sand  is  pure;  and  the  doggers 
are  huge ;  and  at  the  top  is  a  lumachelle  of  Trigonice,  which  appear 

to  be  T.  Munieri.  "We  have  therefore  the  exact  representative  of  the sandy  beds  at  Gris  Nez  and  Mt.  Lambert  in  the  Boulogne  area.  The 
same  is  exposed  in  the  railway-cutting  south  of  Haussez,  where  the 
beds  seen  are  10  feet  or  12  feet  of  grits  and  sands,  thickening  to  the 
south,  and  with  abundance  of  Exogyra  virgula.  The  presence  of  this 
last  fossil  may  at  first  appear  a  stumbling-block;  and  it  undoubtedly 
proves  the  close  connexion  of  these  rocks  with  the  Virgulian ;  yet, 
when  we  compare  the  Boulogne  district,  it  proves  nothing,  since  the 
species  is  equally  abundant  in  the  sandy  beds  which  in  that  area  are 
referred  to  the  "Lower  Portland;"  on  the  other  hand  the  penological 
similarity  is  of  great  weight.  Overlying  these  comes  the  "  Compact 
Lithographic  Limestone,"  a  rock  which  can  be  scarcely  be  matched 
either  in  England  or  at  Boulogne.  It  has  a  thickness  of  certainly 
more  than  12  feet,  and  contains  lumachelles  of  Trigonice  too  deeply 
imbedded  for  the  species  to  be  recorded.  At  Louvicamp  it  has  also 
lumachelles  of  Exogyra  virgula.  The  two  fossils  mentioned  by  M.  de 
Lapparent  are  Ammonites  cf.  gigas,  too  characteristic  a  fossil  to  be  mis- 

taken, and  Gervillia  Icimmeridiensis,  which  might  well  be  G.  linearis, 
so  similar  are  the  species  of  this  genus.  Next  comes  another  mass  of 
clays  which  are  said  to  be  likewise  200  feet  thick  in  the  south,  but  are 
certainly  not  so  much  in  the  central  portion,  where  examined.  There 
are  few  fossils  in  them  beyond  Exogyra  virgula,  which  occurs  in  luma- 

chelles. It  is  seen  underlying  the  cement-stone  beds  of  the  cutting 
at  the  station  of  Saumont-la-poterie.  These  cement-stones  are 
regarded  by  M.  de  Lapparent  as  forming  the  base  of  the  "  Lower 
Portlandian ; "  and  he  states  that  Exogyra  virgula  is  entirely  and 
suddenly  replaced  in  them  by  Ex.  catalaunica.  This  is  certainly 
not  the  case :  after  the  cement-stones  begin  there  are  no  more 
lumachelles ;  but  Ex.  virgula  occurs  in  tolerable  abundance  in  the 
marls  above,  at  least  6  feet  of  them.  This  fossil,  therefore,  is  no 

more  available  here  for  drawing  a  line  at  the  base  of  the  "  Lower 
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Portland"  than  it  is  at  Boulogne.  The  fossils  of  these  cement-stones 
are  abundant;  they  are  Ammonites  suprajurensis,  Natica  athleta?, 
Pleuromya  sinuosa,  Thracia  incerta,  Cyprina  elongata,  C.  implicate:  ?, 
Trigonia  (clavellate  sp.),  Mytilus  autissiodorensis,  and  Anomia  laevi- 

gata. The  lithological  character  of  these  limestones,  and  the  abun- 
dance of  Mytilus  autissiodorensis  and  of  Thracia  incerta,  lead  one  in 

the  first  instance  to  recognize  in  these  beds  the  cement-stones  at  the 
base  of  the  Portland  sands  ;  but  in  face  of  the  abundance  of  Ex.  vir- 
gula  and  the  presence  of  Amm.  suprajurensis,  it  is  safer  to  look  upon 
these  as  the  more  marly  portions  of  the  "  Lower  Portlandian,"  such 
as  are  associated  with  the  conglomerates  at  Portel  and  are  abundant 
with  the  same  fossils  in  Kimmeridge  Bay.  These  cement-stones 
are  cut  off  from  less  fossiliferous  marly  beds  above  by  an  inter- 

mediate bed  of  "  Calcareous  Grits  with  Anomice."  These  two,  with 
the  k'  Glauconitic  Calcareous  Grit"  and  "  Upper  Conglomerate"  form- 

ing the  cap,  will  then  represent  the  uppermost  portion  of  the  Bolonian 
"  Lower  Portland  "  Avith  Pteroceras  oceani.  That  fossil  is  not  recorded 
from  the  Pays  de  Bray ;  but  the  occurrence  of  Trigonia  boloniensis, 
Pecten  nudus,  and  a  Hemicidaris  called  H.  Hofmanni,  but  perhaps 
really  H.  purbechensis,  is  highly  characteristic.  Of  the  upper  beds 
little  is  now  visible.  The  blue  marls,  described  by  de  Lapparent  as 
dark  at  the  base,  with  Oardium  morinicum  and  large  Ammonites 
(?  biplex),  and  calcareous  towards  the  top,  with  Amm.  biplex,  Pleu- 
rotomaria  JRozeti,  Ostrea  expansa,  Perna  Bouchardi,  and  Cardium 
Pellati,  are  obviously  representatives  of  the  "  Middle  Portland"  beds 
of  Boulogne,  and  are  more  similar  to  them  than  to  the  corresponding 
English  series.  Finally  the  ferruginous  sands  seen  at  Gournay  are 
certainly  distinct  in  appearance  from  any  thing  seen  elsewhere  :  and 
they  contain  few  if  any  fossils.  At  their  base,  however,  they  contain 
huge  calcareous-grit  doggers,  which  resemble  very  much  those  of 
Swindon  and  Shotover,  the  corresponding  beds  at  Boulogne  being 
more  regular  and  calcareous.  These  contain  clavellate  Trigonice, 
Astarte,  Corbula,  and  Thracia  incerta  ?  It  is  above  these  beds  that 
ferruginous  nodules  are  found,  which  contain  Trigonia  gibbosa  and 
other  true  Portlandian  Trigonice,  e.  g.  T.  incurva,  the  specimens  of 
which  from  the  JNTormanville  cutting,  near  Gaillefontaine,  preserved 
in  the  Ecole  des  Mines  at  Paris,  are  undoubtedly  the  true  forms, 
though  they  can  no  longer  be  found  in  a  recognizable  state.  While, 
therefore,  the  lower  part  of  the  sands  and  grits  may  well  be  the 

equivalents  of  our  "  Portland  Sands,"  the  upper  part  must  at  least 
attain  the  horizon  of  the  Elinty  series  of  Portland. 

Y.  The  Bouloknais. 

The  coast  of  this  district  is  almost  English  ground :  so  well  is  it 
known,  and  so  long  has  it  been  studied  by  many  of  our  native  geolo- 

gists. They  have,  however,  published  little  upon  it ;  and  we  owe  the 
description  of  the  area  first  to  M.  Eigaux  (33)  and  Prof.  Hebert 
(37),  and  later  to  MM.  de  Loriol  and  Pellat  (36,  39,  41,  56,  61), 
the  last-named  author  having  given  a  final  resume  of  his  views  in 

1878  (68).    M.  Pellat's  classification  is  now  as  follows  : — 
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Upper  Portland. 

P4.  Cypris-beds,  2%  metres. 
P3.  Siliceous  limestone  with  Cardium  dissimile,  2^  m. 
P2.  Sands  and  grits  with  Natica  elegans  &c.,  4  m. 
Pr  Sands  and  calc-grits  with  Cardium  Pellati,  3  m. 

Middle  Portland. 
02.  Clays  and  glauconitic  limestones  with  Ostrea  expansa,  13  m. 
01.  Clays  with  Cardium  morinicum,  15  m. 

Lower  Portland. 
Zone  of  Cyprina  Brongniarti. 

Nr  Sandstones  with  Pteroceras  oceani  1  ,  q 
N3.  Sands  with  Natica  Marcousana     J  m' 
jS"2.  Conglomerate  with  Trigonia  Pellati  of  Chatillon. 

Zone  of  Ammonites  gigas. 
Nr  Sands  and  grits  with  Amm.  portlandicus,  7  m. 
M„.  Shales  and  upper  calc-grits  with  Hemicidaris  purbeckensis,  17  m. 

Upper  Kjmmeridgian. 
Zone  of  Ammonites  erinus. 

Mr  Shale  and  lower  limestones  with  Amm.  erinus,  12  m. 
L.  Sands  and  grits  with  Py gurus,  4|-  m. 

Middle  Kimmeridgian. 
Zone  of  Ammonites  caletanus. 

K.  Clays  and  upper  limestones  with  Amm.  caletanus,  18  m. 
J.  Sands  and  grits  of  Conincthun,  2  m. 

Lower  Kjmmeridgian. 
Zone  of  Ammonites  orthoceras. 

I.  Clays  and  lower  limestone  with  Amm.  orthoceras,  22  m. 
H.  13  beds  and  little  beds  of  Brequereque,  15  m. 

Sequanian. 
G.  Sands  and  grits  of  Wirvigne,  5  m. 
F3.  White  marls  and  oolites  of  Bellebrune,  4  m. 
F2.  Clays  with  Ostrea  deltoidea,  2  m. 
Fr  Pisolite  with  large  Nerincece  of  Hesdin-l'Abbe,  6  m. E.  Red  limestone,  sands  and  grits,  with  Trigonia  Bronnii,  5  m. 
D.  Clays  with  0.  deltoidea  of  Brut  dale  and  Mont  des  Boucards,  10  m. 

Cokallian. 

Ar.  Coral  Rag  with  Cidaris  fiorigemma  of  Brucdale. 

C.  Limestones  with  Tsocardia.         )  Limestones  of  Mont  des  Bou- 
B.  Limestones  with  Terebratul®.       I  cards  — Pyritous  clays  and  hme- A.  Coral  Rag  with  Cid.  fiorigemma.  J  iXlis  50  m 

Upper  Oxpordian. 
Hovdlefort  limestone  with  Pseudomelania  heddinqtonensis,  1  m. 
Clays  with  Ammonites  Martelli  and  sponges,  H  m. 

Middle  Oxfordian. 

Clays  and  limestones  with  Ostrea  dilatata,  5  m. 
Black  clays  of  Wast,  6  m. 

Lower  Oxfordian  (Callovian). 
Fissile  limestones  with  Ammonites  Lamberti,  2  m. 
Clays  with  Ammonites  Duncani,  6  m. 
Ferruginous  clays  with  Ammonites  calloviensis,  5  m. 
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This  classification  is  the  result  of  several  modifications  of  pre- 
vious ones,  especially  in  the  matter  of  names. 

The  Upper  Jurassic  strata  in  the  Boulogne  area  lie  in  an  anti- 
clinal whose  crest  has  a  slope  from  E.N.E.  to  W.S.W.    Hence  the 

Pig.  16.— Map  of  Part  of  the  Boidonnais.    (Scale  1  :  240,000.) 

lowest  strata  are  seen  in  the  E.N.E.  corner,  and  the  succession  may 
be  traced  by  passing  thence  to  the  sea  at  Boulogne,  whence  a  diver- 

gence to  the  right  or  left  will  show  the  uppermost  portions.  The 
development  is  also  greater  towards  the  S.W.,  as  in  the  contrary 

direction  we  approach  the  shore- line.  Erom  M.  Pellat's  beds  E., 
or  the  base  of  the  Nerinsean  limestones,  downwards,  the  prevail- 

ing character  is  argillaceous,  and  the  comparatively  feeble  lime- 
stones are  merely  intercalated  masses,  themselves  usually  more  or 

less  marly.  This  feature  renders  the  correlation  somewhat  difficult, 
and  has  given  rise  to  the  complicated  classifications  of  MM.  Pellat 
and  Bigaux. 

The  lower  groups  of  clays,  estimated  by  M.  Pellat  at  26  metres 
in  the  north,  but  at  47  metres  in  the  south-west,  have  not  been  spe- 

cially examined.  The  uppermost  portion,  with  Amm.  cordatus  and 
Millericrinus,  doubtless  corresponds  to  the  iSothe  grits  and  clays,  and 
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to  the  beds  with  Trigonia  spinifera  at  Neuvizy,  and  with  Trigonia 
perlata  at  Trouville.  The  first  mass  of  importance  is  the  limestone 
of  Houllefort,  which  is  perfectly  isolated  in  the  midst  of  clays,  some  of 
which  separate  it  above  from  the  so-called  limestones  of  the  Mont 
des  Boucards*.  It  is  extremely  fossiliferous  ;  bat  the  discovery  of 
the  fossils  is  dependent  on  their  weathering  out,  and  would  be  very 
unlikely  in  a  boring.  Twenty-six  species  are  enumerated  by  de 
Loriol  from  this  limestone,  and  additional  ones  by  M.  Pellat.  Those 
actually  noted  were  Trochus  Jioullefortensis,  Purpura  sp.,  Oerithium 
Struchnanni,Chemnitzia  sp.  (wrongly  called Pseudomelania  heddingto- 
nensis),  Opis  Phillipsii,  Area  scabrella  (near  to  A.  quadrisulca),  Nucida 
cottaldina,  Lima  rudis,  and  Cidaris  flori gemma.  There  is  so  much  that 
is  peculiar  about  this  fauna  that  it  gives  little  help  in  correlation;  and 

the  additional  known  species  in  de  Loriol's  list,  e.  g.  Amm.  plicatilis, 
Alaria  tridactyla,  Pholadomya  Protei  and  P.  concinna,  Trigonia.  moni- 
lifera,  Lima  rigida,  Pecten  vimineus,  and  Ostrea  dilatata  are  not  quite 
conclusive.  Nevertheless,  on  the  whole,  the  facies  is  Corallian,  and 
indicates  an  horizon  which  may  indeed  be  compared  with  that  of 
Neuvizy  or  the  Osmington  Oolite,  but  is  more  like  the  base  of  the 
Corallian  in  the  Haute-Marne  and  the  Yonne  departments. 

About  the  succeeding  portion  of  the  series  there  have  been 
several  changes  of  opinion  among  the  French  geologists,  owing 
to  there  being  different  developments  in  different  parts  of  the 
area.  The  difficulties  arising  from  this  are  intensified  in  the 
Boulonnais  by  the  deposits  being  exceedingly  local  and  by  several 
minor  unconformities  occurring  in  the  series,  owing  to  the  proximity 
of  the  ancient  shores.  Pour  localities  exhibit  different  arrange- 

ments, of  which  the  sequence  may  be  specially  noted.  First,  in 
the  extreme  north  near  Bazinghen  there  is  nothing  but  a  few  feet 
of  clay  between  the  Callovian  grit  with  Terebratula  humeralis  (true) 
and  Rliynclionella  varians  and  the  Nerinaean  or  so-called  Astartian 
Oolite  ;  this  is  a  minimum.  Secondly,  at  the  Mont  des  Boucards,  there 
is  a  maximum;  but  the  whole  is  essentially  argillaceous  though  dig- 

nified by  the  name  of  limestone.  Only  at  one  spot  on  the  hill-side 
are  seen  a  large  number  of  loose  stones  scattered,  on  so  restricted  a 
surface  as  to  even  suggest  the  question  whether  they  may  not  be  the 
debris  of  ancient  buildings.  These  stones,  surrounded  on  all  sides  by 
the  clay,  are  probably  a  remanie  collection,  or  are  due  to  some  special 
cause  which  renders  their  actual  position,  at  a  slightly  lower  level  than 
the  fossiliferous  beds  in  situ,  of  little  consequence ;  but  their  fauna 
is  remarkable  for  its  richness  and  abundance.  The  list  published 
and  illustrated  by  de  Loriol  is  very  defective,  including  only  twenty- 
six  out  of  eighty  species  which  M.  Pellat  has,  up  to  the  present,  dis- 

covered; and  half  an  hour's  search  obtained  the  following  30, 
several  of  which  are  not  included  in  de  Loriol's  list.  Nautilus 
giganteus,  Aporrhais  elegans,  A.  musca,  Pleurotomaria  hesione,  Ani- 

*  In  his  later  descriptions  (e.  g.  56)  M.  Pellat  places  the  "  Calcaire  du  Mont 
des  Boucards  "  immediately  above  the  Houllefort  limestone  ;  but  in  his  earlier 
ones  (e.g.  41)  be  recognizes  that  tbey  are  separated  by  a  considerable  mass  of 
clay* 
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socardia  elegans,  Trigonia  monilifera,   Area  Sauvagei,  Cucullcea 
(called  quadrisulca,  de  Lor.),  Area  rhomboidalis,  de  Lor.,  Gastro- 
chcEna  boucardensis,  Nucula  cequilatera,  Astarte  Sauvagei,  A.  num- 
mus,  A.  bruta,  Litliodomus  inclusus  (in  Isastrcea),  Modiola  azqjui- 
plicata,  Mytilus  pectinatus,  Lima  proboscidea,  Pecten  vimineus,  P. 
intertextus,  Avicula  oxyptera,   Plicatula  horrida,  Exogyra  nana, 
Ostrea  rastellaris,  Terebratula  tetragonal,  Rhynchonella  eorallina, 
Thecosmilia  sp.,  Serpida  Royeri,Cidaris  florigemma,  C.  Smithii,  Pen- 
tacrinus  cingulatus  '?.   These  fossils  being  collected  from  the  surface- 
stones,  it  is  quite  possible  that  some  may  be  derived  from  overlying 
beds,  which  would  account  for  their  only  being  recorded  by  de  Loriol 
as  from  such.   But  when  we  consider  also  the  more  important  fossils 
recorded  by  him  in  addition  to  those  above,  such  as  Belemnites  nitidus, 
Anatina  striata,  Astarte  Micliaudiana,  Opis  Phillipsii,  Area  texta, 
Hinnites  fallax,  and  Hemiciclaris  intermedia,  we  see  that  there  is  a 
very  feeble  minority,  almost  an  absence,  of  Oxfordian  species,  and  that 
the  whole  indicates  a  higher  horizon  than  the  usual  florigemma-i&g. 
If  it  be  a  remanie  deposit,  it  might  well  be  formed  by  the  breaking- 
up  of  beds  overlyiug  the  Coral  Rag  of  Brucdale.    The  marly  beds  in 
situ  which,  with  the  above  exception,  continue  upwards  at  the  Mont 
des  Boucards  the  clays  overlying  the  0/r*s-limestone,  are  well  seen 
in  cuttings  and  quarries  on  the  hill-side.    Only  here  and  there  they 
have  hard  bands ;  and  the  term  "  limestones "  is  quite  deceptive. 
Only  one  soft  chalky  limestone  caps  the  whole,  and  forms  the  top  of  C 
of  M.  Pellat.    At  the  base  these  beds  are  crowded  with  Terebratula 
insignis  and  Rhy aclionella  corallina  (quite  a  repetition  of  the  chalky 
limestones  of  Bourges),  and  here  and  there  are  lumachelles  of  Ostrea 
nana,  and  occasional  deltoid  oysters  ;  Mytilus  pectinatus  and  Ostrea 
solitaria  {rastellaris)  are  also  abundant.  The  other  fossils  observed  are 
Ammonites  boncardensis  [?],  Nucula  Menkei,  Cardium  Bufrenoycum, 
and  Astarte  nummus.  A  total  of  fifty-one  species  is  recorded  from  the 
basal  portion  by  de  Loriol,  an  examination  of  which  shows  the  same 
tendency  as  the  above,  namely  to  associate  these  with  true  Supra- 
coralline  beds,  or  at  most  with  the  highest  part  of  the  Coral  Rag,  and 
to  make  it  difficult  to  conceive  how  any  one  could  have  taken  them 
for  Oxfordian.  The  upper  portion,  C  of  M.  Pellat,  is,  above  all  things, 
characterized  by  the  presence  of  Ceromya  excentriea,  Isocardia  striata, 
and  Mytilus  perplicatus,  fossils  which  are  everywhere  more  Astar- 
tian  than  Corallian ;  the  others  noted  are  Area  rliomboidalis,  de  Lor., 
Cardium  intextum,  G.  oriliogonale,  Pleuromya  tellina,  and  Exogyra 
bruntutana,  which  have  little  effect  on  the  correlation.    These  marls 
are  followed  by  more  dark  clays  till  the  ferruginous  grits  are  reached. 
In  the  third  locality,  that  of  Brucdale  and  the  neighbourhood,  are 
seen  at  the  base  6  or  8  feet  of  Coral  Rag  in  situ,  with  the  TJiam- 
nastrceai  in  their  place  of  growth ;  but  the  whole  thickness  is  not  seen, 
nor  any  thing  below  the  Rag.  The  fauna  is  an  ordinary  Rag  one,  incra- 
ding  Cidaris  florigemma  and  various  Gasteropods  and Limce.  There  is 
certainly  some  difference  between  it  aud  that  of  the  coral  stones  of  the 
Mont  des  Boucards.    This  is  doubtless  largely  due  to  want  of  search 
among  the  latter ;  yet  what  difference  there  is  indicates  a  higher 

Q.J.G.S.  No.  148.  2p 
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horizon  for  them  than  for  the  Rag  of  Brucdale ;  for  the  fauna  of  the 
Mont  des  Boucards  contains  seven  species  usually  found  on  higher 
horizons,  and  that  of  Brucdale  one  only,  the  species  of  downward  ten- 

dency being  equally  divided.  The  surface  of  the  Eag  of  Brucdale  is 
eroded ;  and  it  was  doubtless  during  the  interval  thus  indicated  that 
the  peculiar  beds  of  the  Mont  des  Boucards  were  deposited,  while 
the  overlying  marls  spread  over  both  areas.  The  fourth  locality 

is  the  valley  of  the  Liane  near  Hesdin-1'  Abbe  and  at  Outreau,  where 
two  borings  were  made,  by  which  it  is  supposed  to  be  proved  that  the 
"  limestones"  of  the  Mont  des  Boucards  underlie  the  Rag  of  Brucdale. 
Beneath  the  latter,  it  seems,  there  were  encountered  some  "  limestones" 
which  were  supposed  to  be  identical  with  (51,  53)  those  of  the  Mont 
des  Boucards  ;  but  when  the  proofs  are  examined,  these  are  found  to 
consist  solely  in  the  fact  that  some  shells  were  brought  up  which 
were  thought  to  be  the  Ceromya  of  the  Mont  des  Boucards — a  fact 
not  sufficient,  even  if  the  determination  were  right,  to  fix  the  horizon. 
No  other  fossils  appear  to  have  been  obtained,  which  is  rather  extra- 

ordinary, considering  the  great  abundance  of  Terebratula  insignis  at 
the  Mont  des  Boucards.  The  supposed  proof  is  therefore  utterly  in- 

adequate, and  we  may  with  more  probability  interpret  the  boring  dif- 
ferently. At  the  top  (see  51, 53)  we  have,  below  the  alluvium,  22*65 

metres  of  undisputed  beds,  down  to  No.  18 •  No.  18  is  6-40  metres 
of  the  Nerinaean  oolite  of  Hesdin-l'Abbe ;  No.  19  and  part  of  No.  20 
(say  3  metres)  are  the  grits  with  Trigonia  Bronnii.  The  remainder  of 
No.  20  are  the  Ostrea-deltoidea  marls,  12-90  metres ;  Nos.  21-23, 
which  MM.  Sauvage  and  Rigaux  refer  to  a  coralline  limestone,  though 
there  are  no  corals  recorded,  are  attenuated  representatives  of  the 
Mont-des-Boucards  limestones,  not  well  developed  and  therefore 
without  the  Terebratula  insignis,  4*75  metres.  No.  24  is  the  Coral 
Bag  of  Brucdale  with  Cidaris  florigemma,  6*60  metres.  Nos.  25-29, 
referred  by  MM.  Sauvage  and  Rigaux  to  the  Mont-des-Boucards  lime- 

stones on  account  of  their  containing  a  Ceromya  at  Hesdin-rAbbe,  are 
the  marls  above  the  Houllefort  limestone,  containing  Cidaris  flori- 
gemma  and  many  fragments  of  fossils  ;  and  the  poorly  characterized 
beds  below  are  the  ordinary  Oxford  Clay. 

The  next  bed  presents  no  point  for  discussion  ;  it  is  a  ferruginous 
grit  of  little  thickness  whose  characteristic  fossils  are  Trigonia 
Bronnii  and  Astarte  communis  (Morini).  Its  place,  its  fossils,  and 
its  mineral  character  assimilate  it  at  once  to  the  sands  of  Glos,  the 
corresponding  beds  at  Trouville,  and  the  Sandsfoot  grits.  It  is  suc- 

ceeded by  the  most  constant  limestone  of  this  part  of  the  Jurassic 
series.  Yaryingin  thickness  and  somewhat  in  character,  this  latter 
may  nevertheless  be  easily  traced  from  the  extreme  north  near 
Basinghen  to  the  valley  of  the  Liane.  Like  the  others,  it  begins  in 
the  north  by  being  thin  and  somewhat  sandy,  with  large-grained 
oolites  only  here  and  there,  and  few  fossils  l>eyondTerehratida  insignis. 
It  has  gained  considerable  thickness  near  the  Mont  des  Boucards ; 

at  Paincthun  the  oolite  predominates,  and  at  Hesdin-1' Abbe  forms 
thick  masses  which  are  extremely  fossiliferous,  the  most  noticeable 
species  being  Nerinwa  Desvoidyi,  N.  ccecilia,  Pholadomya  Jiortulana, 
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P.  Protei,  Ceromya  excentrica,  Pinna  pesolina,  Pecten  midas,  and 
Rhynchonella  corallina.  Prom  this  oolite  are  also  recorded  Cidaris 
jlorigemma  and  Hemicidaris  intermedia.  All  the  more  important 
fossils  except  the  Pholadomyce  come  up  from  below  and  finish  in 
this  bed.  It  is,  however,  coloured  on  the  geological  map  with  those 

above  it  as  belonging  to  the  "  Astartian."  It  is  denoted  by  P1  of  M. 
Pellat.  The  succeeding  beds  P2  and  P3,  are  comparatively  unfossi- 
liferous ;  but  their  fossils  are  such  as  would  unite  them  rather  to  the 
overlying  than  to  the  underlying  beds,  Ostrea  deltoidea  and  Trigonia 
papillata  being  the  chief  recorded.  The  Gres  de  Wirvigne,  assimi- 

lated by  M.  Pellat  to  the  Trigonia-grits  of  Havre,  is  somewhat  dif- 
ferent from  them  in  mineral  character,  being  more  siliceous  and  full 

of  oysters  ;  it  has  a  thickness  of  6  feet,  and  is  overlain  by  marly  beds 
with  hard  bands.  The  fossils  observed — Ammonites  Berryeri?, 
Purpura  sp.,  Leda  venusta,  Astarte  supracorallina  ?,  Corbida  Des- 
hayesea,  Trigonia  Meriani  ?,  Cyprina  cyreniformis,  Pleuromya  tellina, 
Pecten  solidus  and  P.  strictus,  as  well  as  others  recorded,  such  as 
Ammonites  erinus,  Lucina  substriata,  L.  rugosa,  Pinna  granulata, 
Exogyra  virgida,  Terebratida  subsella,  Pygurus  Blumenbachii,  Phab- 
docidaris  Orbignyana — all  have  a  tendency  to  confirm  M.  Pellat's 
conclusion  ;  and  scarcely  one  is  more  connected  with  beds  below  than 
with  those  above.  It  is  possible  that  these  grits  and  associated 
beds  represent  more  than  the  Trigonia-grits  of  Havre  and  Wey- 

mouth, since  there  is  nothing  above  them  that  can  be  called  Ptero- 
cerian. 

The  overlying  beds,  in  fact,  are  seldom  seen.  On  the  hill-slopes 
south  of  Mont  Lambert  but  little  can  be  made  of  them ;  and  the 
same  is  the  case  in  the  north,  near  Bazinghen.  At  Boulogne  they 
are  hidden  beneath  the  town,  and  merely  a  part  is  exposed  at  Breque- 
recque,  end  contains  no  fauna  which  can  be  specially  called  Pteroce- 
rian.  It  is  perhaps  scarcely  worth  while  to  separate  these  beds  from 
the  overlying  ones,  called  H  and  I ;  but  we  may  usefully  charac- 

terize this  lower  mass  by  the  presence  of  Ammonites  orihoceras,  which 
is  associated  with  Thracia  depressa,  Lucina  minuscula,  Pholadomya 

acuticosta,  Area  teccta,  Gervillia  kimmeridiensis'?,  and  Anomia  sp.; 
it  then  represents  the  zone  of  that  Ammonite,  and  will  be  assi- 

milated to  Pterocerian  beds  elsewhere.  The  succeeding  series 
commences  with  a  very  characteristic  group  of  rocks,  part  of  which 
forms  a  great  bank  with  white  veins  on  the  shore  north  of  Boulogne  : 
and  18  feet  of  it  is  quarried  along  the  sides  of  the  great  valley  be- 

tween Mont  Lambert  and  the  sea.  It  is  everywhere  fossiliferous, 
the  most  abundant  fossils  being  Ammonites  longispinus,  Trigonia 
Rigauxiana,  Pholadomya  acuticosta, Gervillia  Jcimmeridiensis,  Exogyra 
virgida,  Terebratida  subsella,  and  Serpida  tetragona.  This  bed  forms 
the  base  of  a  series  of  great  thickness,  in  the  centre  of  which  comes 
the  conspicuous  mass  of  soft  sand  with  large  cheese-doggers  (L  of 
M.  Pellat,  33  and  34  of  M.  Hebert),  which  is  only  seen  at  La  Creche. 
This  makes  no  show  on  Mont  Lambert,  and  is  probably  quite  a  local 
deposit.  Por  purposes  of  comparison  it  is  well  to  pass  over  these 
minor  distinctions,  and  to  place  all  the  mass  K  L  M  of  M.  Pellat  in 

2p  2 
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one  division,  or  zone,  of  Amm.  longispinus.  The  upper  portion  is 
very  shaly,  and  contains,  on  both  sides  of  Boulogne,  Lingula  ovalis, 
Trigonia  variegata,  and  Thracia  depressa.  The  upper  limit  of  this 
is  assumed  by  M.  Pellat  to  be  the  remarkable  lumachelle  of  Exogyra 
virgula,  which  stands  out  as  a  broad  band  in  the  cliff  of  Chatillon, 
but  which  unfortunately  is  absent  from  La  Creche.  The  base  of 

the  "  Portland  "  was  originally  taken  by  M.  Pellat  (39),  as  by  all 
others,  below  the  great  conglomerates ;  he  subsequently  included  all 

M  as  "  Portlandian"  (62),  but  finally  (68)  took  only  the  upper  half. 
Certainly  the  beds  become  sandy  by  degrees,  and,  for  some  distance 
below  the  conglomerates,  begin  to  indicate  coming  changes,  as  may 
be  seen  both  at  La  Creche  and  Gris  Nez.  This  change,  being 
accompanied  by  the  introduction  of  a  new  fauna,  including  Ammo- 

nites gig  as,  Carclium  morinicum,  Trigonia  Munieri  and  T.  barrensis, 
Perna  Bouchardi,  and  Hemicidaris  purbecJcensis,  may  well  justify 
the  lowering  of  the  line  of  separation,  as  we  so  often  have  to  do, 
the  palaeontological  change  being  accomplished  more  quickly  than 
the  lithological. 

The  next  portion  of  the  series  is  perhaps  the  most  interesting  of 
all ;  and  as  it  is  chiefly  exposed  along  the  coast,  we  here  reap  the 
benefit  of  M.  Hebert's  admirable  and  accurate  researches,  which 
may  be  referred  to  for  the  closest  details  (37).    He  describes  the 
three  chief  localities  where  these  rocks  may  be  seen,  viz. : — to  the 
south  of  Boulogne,  from  Chatillon  to  Equihen ;  to  the  north,  from 
La  Creche  to  Wimereux,  and  at  Gris  Nez.    The  shales  last  noticed 
are  the  No.  26  of  his  sections,  and  from  their  thickness  form  an 
admirable  base.    The  lowest  bed  of  the  "Lower  Portlandian"  at 
La  Creche  is  a  3  to  4-foot  band  of  excessively  hard  crystalline  calc- 
grit,  blue  in  the  interior  and  without  fossils ;  it  is  followed  by  grey 
fucoidal  doggers  in  sands  or  clays  (not  well  seen)  for  10  feet  or 
more ;  above  come  4  feet  of  hard  yellow  sandstone  rock,  full  of  a 
quartzose  conglomerate,  and  a  perfect  lumachelle  of  Exogyra  virgula, 
covered  by  a  layer  crowded  with  Trigonia  Pellati  and  T.  Munieri, 
and  then  passing  into  4  feet  more  of  ferruginous  conglomeratic  grit 
with  the  same  fossils.   These  are  Nos.  23-25  of  M.  Hebert.  Seeking 
these  on  the  Portel  side,  we  find  the  crystalline  grit  attached  here 
and  there  to  the  base  of  the  great  conglomerate,  but  very  irregularly ; 
towards  the  north  it  sinks  by  degrees  till,  opposite  the  Port  du  Mont 
Couple,  it  is  on  the  sea-shore.    Here  it  encounters  a  considerable 
fault,  running  nearly  parallel  to  the  cliff,  and  just  cutting  behind  the 
nearest  cliff-quarries  of  Chatillon*.    It  is  thus  thrown  to  the  top  of 
the  cliff,  and  forms  the  base  or  perhaps  the  greater  part  of  the 
materials  worked  there,  being  in  both  places  crystalline  and  ligni- 
tiferous,  and  overlying  the  shales  more  or  less  unconformably. 
Above  it  comes  a  variable  mass  of  sands  and  clays,  with  huge  grit 

*  I  at  first  thought  the  appearances  were  due  to  a  local  erosion  and  an  over- 
lap of  the  Chatillon  beds ;  but  MM.  Sauvage  and  Kigaux  suggested  a  fault, 

the  direction  of  which  was  made  clear  by  the  observations  of  Prof.  Prestwich 
during  an  excursion  of  the  Geological  Society  of  France  in  September  1880. 
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doggers,  often  becoming  continuous,  which  develop  to  a  considerable 
thickness  at  Chatillon,  are  worked  there  and  at  Mont  Lambert,  and 
constitute  the  base  of  Gris  Nez.  These  are  capped  by  the  great 
ripple-marked  conglomerate,  distinguished  everywhere  by  the  abun- 

dance of  Exogyra  virgula,  Trigonia  Pellati,  and  T.  Munieri,  which 
becomes,  however,  a  mass  of  false-bedded  sand  with  hard  doggers 
at  Gris  Nez.  These  are  so  associated  with  the  sands  below,  that 
the  natural  subdivision  would  seem  to  be  made  above  them,  where 
Ex.  virgula  ceases  to  be  a  common  fossil ;  and  these  two  parts, 
N1?  N2  of  M.  Pellat,  23-25  of  M.  Hebert,  may  form  the  zone  of 
Ammonites  gigas,  which  certainly  occurs  throughout. 

The  next  zone  is  the  chief  fossiliferous  one.  It  consists,  at  the 
base,  of  soft  marly  sands  with  hard  bands,  of  M.  Pellat,  charac- 

terized by  Perna  Boucliardi ;  next,  of  some  hard  grits  in  more  than 

one  bed  (N4),  with  Cyprina  Brongniarti,  Pterocera  oceani  ?,  Natica 
Marcousana,  and  Hemicidaris  purbeckensis ;  and,  finally,  of  earthy 
beds  and  sands  more  or  less  ferruginous  and  consolidated,  with 
rolled  pebbles  and  local  unconformities.  The  whole  of  this  does 
not  occupy  more  than  20  feet  at  La  Creche.  At  Portel  the  middle 
portion  is  nodular,  and  the  whole  is  thicker.  At  the  quarry  of 
Mt.  Lambert,  nearest  Boulogne,  the  whole  appears  as  massive  sand- 

stones ;  but  at  Gris  JSTez  the  most  instructive  section  occurs.  On  the 
east  of  that  point  the  marly  beds  are  crowded  withPer?ia  Bouchardi 
and  many  other  fossils ;  over  these  come  the  hard  grits  with  Cyprina 
Brongniarti,  forming  a  well-marked  feature ;  and  above  is  a  local 
band  of  green  earth,  followed  by  a  conglomeratic  sandstone  and 
sand,  which  in  the  cliff  on  the  south  appear  to  thicken  out  to  nearly 
30  feet.  The  whole  in  the  first  locality  is  overlain  by  the  shales  of 

the  "  Middle  Portland,"  not  previously  noticed  here.  The  nodular 
character  of  these  upper  sandstones  is  noted  by  M.  Hebert  in  his 

No.  17'  of  La  Creche.  With  regard  to  the  fossils,  Trigonia  Pellati 
extends  to  the  top  at  Gris  Nez,  and  so  does  Ammonites  gigas  at  La 
Creche,  according  to M. Hebert;  the  others  noted  areMerita  transversa, 
Orthostoma  Bvvignieri,  Corbida  autissiodorensis,  Corbicella  Bayani, 
Mytilus  Morrisii,  Pecten  suprajurensis,  Corbida  ferruginea,  from 
the  Perna-be&s;  and  from  the  grits  and  sands,  Turritella  Sosmanni, 
Acteonina  Bavidsoni,  Palceomya  autissiodorensis  ?,  and  Ostrea  rugosa 
in  addition. 

The  succeeding  series,  constituting  the  "  Middle  Portlandian  "  of 
M.  Pellat,  is  very  well  marked.  It  commences  at  the  base  with 
some  30  feet  of  black,  almost  paper,  shales,  very  similar  to  those  of 
Hen-cliff  and  of  the  Upper  Kimmeridge  of  Lincolnshire.  These  are 
followed  by  several  cement-stone  bands,  two  being  especially  con- 

spicuous ;  and  then  more  shales,  with  a  lumachelle  of  Ostrea  dubi- 
ensis  at  the  top,  making  a  total  of  about  50  feet.  The  fossils  are,  as 
usual,  flattened  in  the  shales,  and  in  places  are  innumerable.  The 
most  important  species  noticed  were  Alaria  cingulata,  Astarte 
scalaria,  Cardium  morinicum,  Lucina  minuscula,  Mytilus  autissiodo- 

rensis, Anomia  suprajurensis,  Biscina  latissima,  and  Avicula  oetavia 
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in  the  lumachelle.  These  beds  form  the  Ox  of  M.  Pellat,  and 
the  middle  of  JSTos.  15-17  of  M.  Hebert.  They  are  seen  at  the  top 
of  the  cliff  east  of  Gris  Nez  with  the  usual  Astarte.  Above  these 
the  beds  become  softer  and  more  glauconitic  by  degrees,  the  lowest 
being  a  very  fossiliferous  band  with  Lima  boloniensis,  over  which  is 
about  48  feet  of  clays,  the  upper  half  of  which  is  more  sandy  and 
full  of  hard  bands,  and  forms  a  better  cliff,  the  limit  upwards  being 
drawn  where  the  sandy  clays  cease  to  be  glauconitic  and  to  have  a 
blue  tint.  Lithologically  these  beds  have  a  very  close  resemblance 

to  the  upper  portion  of  the  Kimmeridge  Clay  of  Chapman's  Pool, 
which  likewise  becomes  more  glauconitic,  and  passes  gradually  into 
Portland  sands,  and  thence  to  the  Flinty  series.  The  fossils  here 
noted  were,  in  addition  to  the  Lima  mentioned,  Ammonites  pseu- 
dogigas,  Belemnites  Souichii,  Pleurotomaria  Rozeti,  Myacites  jurassi, 
Astarte  Scemanni,  Trigonia  concentrica? ,  Mytilus  unguiculatus,  Pecten 
lamellosus?,  P.  Morini,  Perna  Boucharcli,  Avicula  octavia,  Plicatula 
Boisdini,  Ostrea  expansa,  0.  hruntrutana,  Acrosalenia  Koenigi,  Ci- 
daris  boloniensis,  and  Serpula  triserrata. 

The  highest  beds  of  the  series  (Pv  P2,  P3  of  M.  Pellat)  are  only 
seen  in  the  cliffs  on  either  side  of  Wimereux  to  the  north,  and  of 
Portel  to  the  south.  The  base  consists  of  about  9  feet  of  sand  and 
sandstone  with  fucoidal  markings,  like  the  flinty  beds  of  St.  Albans ; 
and  these  contain  abundance  of  large  Cardium  Pellati,  and  some 
Trigonia  gibbosa  and  other  shells  closely  imbedded.  Above  is  a 
shell-bed  crowded  with  Serpula  gordialis,  just  as  happens  at  Port- 

land and  St.  Albans.  Natica  ceres  and  many  small  Cerithia  are 
here  abundant.  The  succeeding  rocks  are  more  calcareous  repeti- 

tions of  the  same  kind,  all  the  hard  parts  being  fair  limestones,  and 
the  softer  quite  sandy,  making  a  total  of  about  15  feet.  The  lime- 

stones are  exceedingly  fossiliferous,  having  yielded  M.  Pellat  nearly 
70  species;  but  the  whole  remains  of  the  same  character  as  the 
Flinty  Series  of  St.  Albans,  though  in  the  latter  case  the  sands  have 
been  consolidated  into  flints.  The  other  most  noticeable  fossils 

appear  to  be  Ammonites  bononiensis,  Natica  elegans,  de  Lor.,  Ceri- 

tliium  Manseli  (near  the  top),  C.  pseudo-excavatuml ',  C.  septempli- 
catum,  Pleurotomaria  Rozeti,  Trigonia  incurva,  T.  Carrei,  Astarte 
rugosa,  Corbicella  Pellati  (?=Sowerbya  Dukei  [cast]),  Cardium 
dissimile,  Pecten  lamellosas,  and  Echinobrissus  Brodiei.  The  over- 

lying strata  are  of  very  peculiar  character,  being  mostly  composed 
of  calcareous  rubble  and  tuff,  in  which  there  are  scarcely  any  recog- 

nizable fossils ;  and  such  as  are  recorded  (Astarte  socialis,  Cypris, 
Cyrena  Tombecki,  &c.)  are  not  known  in  English  Portland  rocks. 
The  irregular  manner  in  which  these  lie,  with  ferruginous  beds 
intercalated  in  places,  according  to  M.  Pellat,  forbid  us  to  look  upon 
them  as  certainly  equivalent  to  the  Portland  building-stones,  which, 
as  a  lithological  group,  or  as  a  palseontological  horizon  containing 
Ammonites  giganteus  (true),  Buccinum  naticoides,  B.  angulatum,  and 
Cerithium  portlandicum,  are  not  here  to  be  found.  There  is,  in  fact, 
no  proof  that  any  thing  but  Wealden  beds  overlie  the  Flinty  Series  at 
Boulogne. 
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Discussion  of  Results. 

From  the  above  observations  it  is  proposed  to  classify  the  rocks 
under  consideration  as  follows  : — 

1.  PoitTLANDIAN. 

Upper  =>  Purbeck. Lower  =  Portland  Limestone. 

2.  BOLONIAN. 

Upper  =  "  Middle  Portland." Lower  =  "  Lower  "  Portland. 
3.  KlMMERIDGIAN. 

Virgulian. 
Pterocerian. 
Astartian. 

4.  Corallian. 

Supracoralline. Coral  Rag. 
Coralline  Oolite. 

5.  Oxfordian. 

The  first  point  to  be  considered  is  the  upper  limit  of  the 
Oxfordian  group.  When  the  English  classification  is  compared 
with  the  French,  serious  discrepancies  are  found  to  exist ;  for 
oar  Lower  Calcareous  Grit,  and  part  at  least  of  our  Coralline 
Oolite,  are  in  France  universally  placed  in  the  Oxfordian.  In  the 
Ardennes  department  it  has  been  seen  that  grits  which  underlie  the 
Neuvizy  ironstone  correspond  both  in  character  and  contents  with 
the  JSTothe  Grits  and  the  Calcareous  Grits  of  Yorkshire  up  to  the 
Passage-beds ;  yet  these  are  placed  as  Middle  Oxfordian  by  Sauvage 
and  Buvignier(2).  The  richly  fossiliferous  ironstone  forms  the  type 
of  the  Upper  Oxfordian  for  all  French  geologists ;  and  when  we  trace 
its  range  and  that  of  the  rocks  which  overlie  it,  this  seems  justified 
stratigraphically.  For  above  it  lies  a  series  of  very  changeable  lime- 

stones, contrasting  in  this  respect  with  the  uniformity  of  the  iron- 
stone ;  and  these  same  limestones,  after  the  ironstone  has  died  out, 

are  carried  on  in  a  recognizable  form  over  other  Oxfordian  beds. 
Thus  the  independence  of  the  two  groups  is  most  marked  where 
the  dividing  line  is  drawn.  The  Palaeontological  separation  is  also 
well  marked  ;  for  out  of  the  154  species  recordedby  Buvignier  from 
the  ironstone  in  the  Meuse,  only  45  pass  upwards  to  any  member 
of  the  Coral  Rag.  Excluding  the  Creue  limestone,  which  forms  a 
kind  of  passage-rock,  the  difference  is  equally  marked  wherever  the 
fossils  have  been  sufficiently  studied,  as  in  the  Yonne,  where  Cotteau 
shows  (16)  that,  out  of  323  species  in  the  lowest  Corallian  beds,  only 
17  occur  in  the  Oxfordian,  if  we  draw  the  line  between  the  two 
groups  as  proposed ;   and  even  where  the  lithology  is  the  same, 

Lower  =    Oxford  Clay. 
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only  17  out  of  58  are  common.  If,  then,  by  stratigraphy,  by 
palaeontology,  and  by  common  consent,  the  rieuvizy  ironstone 
and  its  equivalents  are  to  be  placed  as  the  summit  of  the 
Oxfordian,  the  English  classification  must  be  modified  to  bring  it 
into  harmony  with  more  widely-established  facts.  It  has  been  seen, 
in  former  studies  of  our  English  Corallian  rocks,  how  readily  they 
lend  themselves  to  such  a  change  by  the  "markedly  Oxfordian 
character  of  the  fauna  "  of  their  lower  part.  It  is  proposed,  there- 

fore, to  abolish  the  term  "  Lower  Calcareous  Grit,"  as  associating 
the  rock  intended  too  closely  to  the  "  Upper  Calcareous  Grit,"  and, 
as  it  forms  an  integral  part  of  the  Oxfordian  series,  to  call  it  the 

"  Oxford  Grit,"  and,  for  some  part  at  least  of  the  overlying  lime- 
stones, to  revert  to  the  old  name  of  the  "  Oxford  Oolite."  These 

terms,  however,  are  too  descriptive  to  be  generally  applicable,  and, 
when  they  are  not  so,  may  be  replaced  by  the  more  general  term 

"  Upper  Oxfordian." 
"We  may  now  trace  the  range  of  this  mass  over  the  area studied.  The  Ferruginous  Oolite  of  jNeuvizy  has  been  placed  as 

the  Lower  Oxfordian  by  Oppel  (27),  partly  in  reliance  on  Prof. 

Hebert's  erroneous  section  (21),  which  places  a  mass  of  clay 
above  it,  partly  by  placing  the  Cidaris-florigemma  beds  as  Upper 
Oxfordian,  but  chiefly  by  including  the  whole  of  the  underlying  clay 
in  the  same  subdivision,  and  thus  quoting  true  Oxford-Clay  fossils, 
which  are  not  to  be  found  in  Buvignier's  lists,  such  as  Amm.  biarmatus 
and  Amm.  Henrici.  Oppel  does  not,  however,  quote  Amm.  Lamberti, 
which  is  most  characteristic  of  Oxford  Clay.  There  is  not  sufficient 
evidence,  therefore,  to  overcome  the  weight  of  that  obtained  from 
the  list  of  fossils  given  above,  which  places  this  ironstone  as  the 
uppermost  part  of  the  Oxfordian,  as  it  is  stratigraphically  by  its 
immediately  underlying  the  Cidaris-florigemma  beds.  Along  the 
whole  of  the  Eastern  range,  the  Oxford  Grit  below  remains  constant, 
becoming  more  nodular  to  the  south  :  and  the  ironstone  reaches 
nearly  as  far.  The  only  deposit  hereabouts  which  can  give  rise  to 

any  dispute  is  the  limestone ;  of  Creue  and  Liouville,  the  highly Oxfordian  character  of  the  fossils  in  which  has  led  Hebert  (21)  to 
place  it  in  the  Oxfordian  ;  while  Buvignier  (22)  makes  it  Corallian. 
Palseontologically,  it  is  undoubtedly  more  united  to  the  Oolite  below ; 
but  by  its  extremely  local  character,  and  its  alternating  with  the 
Rag  above,  it  belongs  more  to  the  latter,  and  must  therefore  be  left 
as  on  a  kind  of  neutral  ground. 

On  the  change  of  strike  and  on  crossing  the  band  of  Lower  Jurassic 
rocks  which  extends  to  the  south,  we  find  a  change  in  the  development. 
Grits  and  ironstones  can  no  longer  be  found,  but  the  rocks  continue 
to  be  marly  as  below ;  while  a  new  set  of  Ammonites  characterizes 
the  upper  part,  though  the  general  facies  remains  the  same,  the  true 
Oxford  Clay,  with  Amm.  Babeanus  and  Amm.  Lamberti  and  others 
belonging  to  the  group  Harpoceras  remainiDg  constant.  Below,  it 
would  appear  that  the  beds  which  intervene  between  these  and  the 
Corallian,  with  their  Ammonites  continuing  from  below,  as  Amm. 
marantianw&c,  occupy  the  place  of  the  Oxford  Oolite  and  Oxford  Grit, 
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and  are  therefore  the  Upper  Oxfordian.  Tombeck  (50,  55, 57,  64,  65, 
66)  endeavours  to  show  that  the  zone  of  the  last-named  Ammonite 
is  above  the  Coral  Eag  ;  but,  his  stratigraphy  not  being  accepted,  no 
proof  or  probability  exists  of  its  occupying  so  anomalous  a  position. 
Three  are  certainly  great  differences  of  opinion  on  the  true  position 
of  the  zone  of  Amm.  tenuilobatus,  which  in  the  Jura  is  supposed  to  re- 

present this — some,  as  De  Loriol,  Moseh,  Bayan,  &c,  considering  it 
Astartian,  and  others,  as  Hebert,  Dieulafait,  &c,  making  it  Ox- 

fordian.   It  would  be  hazardous  to  venture  an  opinion  on  this  point 
before  studying  the  localities;  but  the  fossils  have  an  Oxfordian 
facies;  and  if  the  zone  really  corresponds  to  that  of  Amm.  mar antianus 
in  the  Haute-Marne,  it  is  certainly  not  Astartian.  These  are  the  so- 
called  Marls  without  fossils,  both  Upper  and  Lower,  which  have  never 
been  seen  separated  by  any  true  Diceras-beds.    They  form  the  base 
at  Les  Lavieres,  Youecourt,  and  Buxieres ;  and  the  lower  part  of  the 
same  mass  constitutes  the  marly  limestones  of  Maranville,  and  the 
upper  the  cement-stones  of  Clairvaux,  in  the  Aube.    Further  west, 
in  the  valley  of  Laignes,  the  gritty  character  comes  in  again,  with 
similar  fossils  to  those  in  the  Meuse.     In  the  Yonne  we  find  the 

true  Oxfordian  marls  with  their  Harpocerata  at  Ancy-le-Eranc,  and 
above  these  the  Upper  Oxfordian,  in  the  new  form  of  massive  cal- 

careous sandstone,  at  Pacy,  in  the  valley  of  the  Armancon.  The  iron- 
stone of  Etivey  has  unfortunately  not  been  examined  ;  but  by  its 

fossils  it  might  well  represent  the  Oolite  of  Neuvizy,  except  for 
Ammonites  lunula.  In  the  neighbouring  valley  of  the  Yonne  the 
Upper  Oxfordian  is  recognized  in  the  siliceous  limestones  underlying 
the  great  white  limestones  of  Coulanges,  referred  to  the  Corallian. 
Great  differences  of  opinion  have  been  expressed  about  the  correlation 
of  this  portion.    In  their  general  work  Leymerie  and  Eaulin  (25) 
placed  the  Etivey  ironstone  as  Lower  Oxfordian,  as  also  the  beds  at 
Ancy-le-Eranc,  which  they  nevertheless  considered  lower  still.  The 
Pacy  freestones  they  called  Middle  Oxfordian,  and  paralleled  with 
the  Coral  Eag  of  Chatel  Censoir,  leaving  the  lithographic  limestones 
only  to  represent  the  Upper  Oxfordian.     This,  however,  has  been 
proved  to  be  wrong  by  Cotteau  (16,  34),  who  showed  the  essen- 

tially Corallian  character  of  the  limestones  of  Coulanges  and  of 
Yermanton,  and  discovered  the  Coral  Eag  at  the  base  of  the  litho- 

graphic limestones.  The  fossils  and  the  stratigraphy  are  all  in  favour 

of  the  latter  author's  view.     M.  Hebert  (21,  31)  recognizes  in 
the  Etivey  ironstone  an  equivalent  of  the  ISTeuvizy,  and  says  it 
plunges  beneath  the  limestones  of  Ancy-le-Eranc.    The  latter  thus 
becomes  his  Upper  Oxfordian ;  and  in  the  same  horizon  with  it  he 
places  the  freestones  of  Pacy,  which  are  the  equivalent  of  the  upper 
part  only,  and  the  limestones  of  Yermanton,  which  have  been  proved 
Corallian.   He  considers  it  also  the  equivalent  of  the  Creue  limestone, 
which  is  above  the  Eerruginous  Oolite.    Some  of  these  correlations 
may  be  rejected  :  but  there  is  unanimity  on  the  Pacy  freestones  repre- 

senting the  Upper  Oxfordian,  in  spite  of  the  recorded  presence  of 
A.  Babeanus.    In  the  valley  of  the  Loire  the  Upper  Oxfordian  is  lost 
in  the  unfossiliferous  marls  ;  and  in  that  of  the  Cher  it  must  lie  in 
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the  lithographic  limestone  mass,  since  the  fossiliferous  sponge-bed 
is  characterized  by  Ammonites  canalieulatus  and  other  species  be- 

longing to  a  lower  horizon,  though  the  recorded  presence  (60)  of 
A.  marantianus  shows  that  we  are  there  not  far  off  the  top.  In  the 
Lower  Charente,  the  locality  Marans  has  beds  below  any  thing  seen 
at  La  Rochelle.  In  the  Sarthe  the  description  of  M.  Hebert  (21) 
would  lead  us  to  place  his  "Middle  Oxfordian"  as  Oxford  Grit,  which 
here  returns  to  its  usual  character,  and  his  "  Upper  Oxfordian," 
which  is  here  marly,  as  Oxford  Oolite.  On  the  coast  of  Calvados 
we  find  in  the  Trouville  Oolites,  seen  in  true  succession  in  the  cliff 
of  Auberville,  a  good  palaeontological  representative  of  the  Neuvizy 
ironstone ;  and  below  comes  the  Oxford  Grit,  with  an  equally  cha- 

racteristic fauna.  The  lower  of  these  two  beds  is  considered  by 
Hebert  (28)  to  be  Middle  Oxfordian,  and  therefore  to  correspond  to 
the  JNTeuvizy  ironstone,  and  the  rest  to  be  Upper  Oxfordian  ;  but  the 
Neuvizy  ironstone  is  certainly  more  allied  pala3ontologically  to  the 
upper  beds,  and  the  grits  associate  themselves  with  these  more 
completely  than  with  the  beds  below. 

The  series  here,  as  has  been  seen,  corresponds  exactly  with  that  at 

Weymouth — the]N"otheGrits,theJN"otheClays,theBencliffGrits,andthe Osmington  Oolites  all  following  regularly.  The  last  named,  therefore, 
are  to  be  specialty  paralleled  with  the  Neuvizy  ironstone,  with  which 
they  have  29  per  cent,  of  their  fossils  in  common,  and  must  be  called 
Oxford  Oolite,  and  the  grits  below,  Oxford  Grit.  Whether  the  Trigonia- 
beds  of  Weymouth  are  to  be  also  included  is  a  more  difficult  matter, 
to  be  discussed  hereafter  ;  but  we  must  certainly  place  on  the  same 
horizon  the  pisolites  of  North  Dorset  and  the  oolite  of  Highworth, 
which  has  57  per  cent,  of  its  fossils  common  to  Neuvizy,  and  perhaps 
also  the  road-stones  of  Faringdon.  Unfortunately  at  Oxford  the 
"Oxford"  Oolite  is  not  well  represented,  except  near  Marcham.  At 
Upware  the  limestones  of  the  north  pit  belong  here.  The  great 
development  in  Yorkshire  gives  us  for  the  Oxford  Grit  the  whole 
mass  up  to  and  including  the  Passage-beds,  and  for  the  Oxford 
Oolite  as  far  up  as  the  Trigonia-beds  of  Pickering,  the  latter  having 
55  per  cent,  in  common  with  Jfeuvizy.  In  fact,  the  greater  part  of 
the  limestones  which  underlie  the  Coral  Rag  proper  belong  to  this 
portion. 

Our  circle  is  finally  completed  in  the  Boulonnais,  where  the 
limestone  of  Houllefort,  in  the  midst  of  clays,  offers  us  the  only 
representative  of  this  part  of  the  series,  though  to  what  exact  part 
it  may  be  considered  to  correspond  may  be  doubtful.  The  excep- 

tional presence  in  it,  however,  of  Cidaris  fiorigemma  indicates  a  high 
position. 
We  have  next  to  discuss  the  Corallian  series.  De  Loriol  (50, 

56)  and  Tombeck  would  have  us  abolish  the  term  altogether ; 

and  Oppel  (27)  practically  does  so  by  including  his  "  zone  of  Cidaris 
florigemma  "  in  the  Oxfordian.  The  argument  against  its  use  is  that 
coral-growth  is  only  an  accident  which  may  happen  at  any  time, 
and  that  there  is  much  of  the  so-called  Corallian  which  has  no  corals 
in  it.   These  statements  are  doubtless  true,  and  yet,  to  one  who  has 
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traced  the  series  from  end  to  end  of  the  Paris  "basin,  they  seem  to have  no  weight.  The  Corallian  series,  as  now  to  be  limited,  is  one 
of  the  best-marked  gronps  it  is  possible  to  conceive ;  but,  as  Buvig- 
nier  (22)  has  so  well  expressed  it,  its  constant  feature  is  inconstancy. 
Below  this  group  we  may  have  some  continuous  beds  ;  above  it  the 
beds  are  markedly  continuous  :  but  within  it  discontinuity  is  the  rule. 
It  is  quite  to  miss  the  mark,  therefore,  to  say,  as  Tombeck  says 
(50  &c),  that  its  normal  form  is  the  compact  limestone,  and  coral- 
growths  and  Diceras-beds  abnormal.  Xo  one  kind  of  deposit  is  more 
normal  than  another,  except  in  this  way,  that  the  variety  which  is 
most  frequently  repeated,  and  which  occurs  at  several  horizons  and 
under  the  most  varied  forms,  is  a  coral-growth,  and  neither  above 
nor  below  the  limits  of  this  series  can  such  coral- growths  be  found 
in  the  country  examined.  Hence,  unless  one  were  to  invent  a  new 
term,  such  as  Protean,  to  indicate  variability,  no  better  name  could 
be  chosen  than  Corallian  to  indicate  this  most  name-needing  group. 

In  the  study  of  the  English  Corallian  we  have  stated*  that  the 
Coral  Bag,  with  Oidaris  jlorigemma,  is  always  at  the  top  of  the 
limestones,  while  the  French  geologists  have  asserted  it  to  be  as 
constantly  at  the  bottom.  This  anomaly  is  now  explained.  By 
marking  off  so  much  of  the  so-called  Coralline  Oolite  to  place  it  in 
the  Oxfordian,  we  leave  the  Coral  Bag  nearly,  and  in  most  places 
quite,  at  the  base.  Sometimes,  as  near  Oxford,  it  lies  on  the 
Oxford  Grit :  sometimes,  as  at  Upware,  on  the  Oxford  Oolite ;  and 
only  here  and  there  can  we  suppose,  and  that  doubtfully,  that  any 
oolite  belonging  to  this  series  rather  than  to  the  Oxfordian,  and 
hence  to  be  called  Coralline  Oolite,  intervenes.  It  may  be  so  at 
Malton  and  Seamer,  in  Yorkshire,  especially  where  shell-beds  are 

developed  :  and  it  may  be  so  at  "Weymouth,  where  we  may  possibly 
call  the  Trigonia-beds  by  this  name.  As  for  Oidaris  florigemma,  it 
is  characteristic  of  the  Corallian  as  a  whole,  and  is  perhaps  not  con- 

fined to  it.  Tombeck  describes  (55)  a  bed  abounding  with  it  at 
St.  Ansiau,  in  the  Haute-llarne,  supposed  to  lie  in  the  Oxford  Clay, 
though  a  fault  is  here  possible  ;  and  the  Houllefort  limestone,  which 
cannot  be  called  Corallian,  contains  it ;  on  the  other  hand,  it  is  found 
in  Astartian  beds  at  Weymouth.  But,  after  experience  of  its  habit, 
it  is  impossible  to  say  more  than  that  it  is  commoner  towards  the 
base  than  towards  the  top  of  the  Corallian  series,  and  is  usually  asso- 

ciated with  massive  corals.  As  to  there  being  a  bed  full  of  it  con- 
stantly marking  the  junction  with  the  Oxfordian,  as  Hebert  says 

(21),  this  is  a  feature  that  seldom  occurs. 
The  upper  line  separating  the  Corallian  from  the  Kimme- 

ridgian  is  rather  hard  to  draw.  Tombeck  says  (50)  that,  if 
we  take  the  so-called  Astartian  as  the  base  of  the  latter  series, 
it  cannot  be  drawn  palaeontologically ;  and  de  Loriol  (50,  56), 
on  the  strength  of  this,  wishes  to  call  the  Astartian  and  Coral- 

lian by  one  name,  Sequanian.  On  the  other  hand,  Hebert  (19, 

31)  says  that  one  can  put  one's  finger  on  the  line  of  junction,  and 

*  Blake  &  Hudleston,  Quart.  Journ.  Geol.  Soc.  vol.  xxx.  p.  313  &c. 
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that  the  two  series  are  perfectly  separate  by  their  fossils.  The 
latter  supposition  we  may  dismiss,  as  it  is  exceedingly  improbable  ; 
and  it  has  been  shown  (p.  529)  that  in  theAube  several  such  apparent 
junction-lines  occur,  one  above  the  other.  On  the  other  hand,  Tom- 
beck's  statements  appear  to  be  vitiated  by  his  including  the  Oolite  of 
La  Mothe  in  the  Astartian,  instead  of  associating  it  with  the  Diceras- 
beds  ;  and  if  this  rectification  were  made,  we  should  find  one  palaeon- 
tological  distinction  indicated  by  himself — namely,  that  while  the 
Corallian  contains  the  zone  of  Cardium  corallinum,  the  Astartian  con- 

tains that  of  Terebratula  humeralis.  Admitting,  however,  that  the 
actual  line  may  be  rather  arbitrary,  and  that  some  Corallian  forms 
occur  above  it,  and  even  Oxfordian  ones,  if  Ammonites  marantianus 
be  truly  recorded,  yet  if  it  be  drawn  not  far  above  the  Diceras-beds 
and  ther  equivalents  a  change  is  soon  perceived  after  the  line  is 

'  passed,  as  will  be  shown  in  the  sequel  We  shall  then  have  three 
subdivisions  in  the  Corallian  series,  which  may  or  may  not  be  deve- 

loped in  any  particular  locality,  and  the  distinctness  of  which  may  often 
be  lost,  but  which  are  nevertheless  sufficiently  constant  to  make  it 
important  to  recognize  them.  The  upper  division,  or  "  Supracoral- 

line," almost  wants  a  better  name  than  it  has  received.  Its  most 
remarkable  form,  the  Diceras-beds,  would  almost  induce  us  to  apply 
that  name,  but  that  the  form  is  too  local.  The  term  "  Supracoralline  " 
is  applicable  in  the  great  majority  of  cases  ;  but  the  beds  must  not  be 
supposed  to  be  always  above  the  actual  coral-growths.  The  middle 
division,  or  "  Coral  Bag,"  is  so  called  to  denote  the  more  common 
position  of  the  Astreean  corals,  generally  associated  with  Gidaris 
florigemma,  though  this  portion  may  be  without  such  corals,  which 
may  occur  above  it  instead.  And  the  lower  division,  or  "  Coralline 
Oolite,"  represents  those  limestones  which  lie  in  certain  places  above 
the  best  representative  of  the  Upper  Oxfordian  in  the  district,  and 
yet  below  the  beds  identified  as  Coral  Rag :  it  is  a  division  which  in 
most  districts  may  be  ignored. 

"We  must  now  trace  these  beds  in  their  range.  In  the  Ardennes we  find,  immediately  above  the  Ferruginous  Oolite,  a  comparatively 
thin  bed  of  crystalline  coralliferous  limestone,  with  Gidaris  flori- 
gemma,  which  may  be  recognized  at  once  as  the  Coral  Rag.  It  is  sur- 

mounted by  the  magnificent  limestone  of  Novion,  in  which  Gidaris 
florigemma  is  rare,  if  present,  but  which  contains  Gardium  corallinum 
and  some  Dicerata.  These,  though  full  of  corals,  are  the  Supracoral- 

line beds,  becoming  oolitic  above,  and  affording  no  well-marked  upper 
limit.  On  entering  the  Meuse  we  immediately  find  the  Coral  Rag  to 
have  increased,  and  to  have  developed  various  forms,  such  as  oolites 
and  crinoidal  limestones.  There  is,  however,  no  regularity  in  these 
minor  beds,  since  near  Yerdun  the  crinoidal  limestones  are  beneath 
coral-growth,  whereas  near  St.  Mihiel  they  cap  it.  Near  Yerdun 
some  shell-beds  are  found  which  might  be  called  Coralline  Oolite. 
The  Supracoralline  beds  are  much  thicker.  In  fact,  if  we  are  to  keep 
the  Astartian  beds  at  all  comparable  to  each  other,  and  to  include 
all  rocks  of  the  Diceras-bed  type  in  the  Corallian,  we  must  absorb 
into  the  latter  a  considerable  portion  of  Buvignier's  Astartian.  At 
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St.  Mihiel  we  have  a  thin  bed  below  the  coral-growth,  which  is  best 
called  Coralline  Oolite  ;  and  it  is  probably  the  end  of  the  great  lime- 

stones of  Creue,  which  also  will  be  placed  as  such.  Buvignier  has 
himself  (22)  recognized  that  the  Coral  Eag  of  St.  Mihiel  is  no  other 
than  that  of  Verdun,  and  it  is  only  one  facies  of  the  beds  of  this  age. 
The  Supracoralline  division  retains  its  former  character,  but  begins  to 
have  true  Diceras-beds  on  the  top,  especially  in  the  south  (21).  In 
the  extreme  south  the  Coral  Eag  develops  into  a  very  thick  mass,  which 
is  very  rubbly  and  fossiliferous  towards  the  base,  with  Cidaris  flori- 
gemma  &c,  surmounted  by  white  chalky  limestone,  and  finally  by 
compact  limestone  beneath  the  Astartian  beds  ;  so  that  here  the 
distinctions  of  the  two  parts  of  the  Corallian  are  less  marked.  In 
the  Haute-Marne,  at  Eeynel,  in  the  east,  the  rubbly  Coral  Eag  occu- 

pies the  base,  and  more  compact  limestone  lies  above  it  (55),  with  a 
development  of  the  Diceras-beds  above.  In  the  valley  of  the  Eognon 
there  is  a  band  of  disaggregated  Oolite  at  the  base  (19),  then  a  fine 
development  of  the  Eag,  and  a  magnificent  display  of  the  Supracoral- 

line beds  in  the  form  of  pisolites  with  Biceras,  with  compact  and 
oolitic  beds  associated,  up  to  the  more  marly  Astartian  beds.  In  the 
valley  of  the  Marne  the  Supracoralline  Diceras-beds  have  become  the 
summit ;  and  beneath  come  the  massive  coral- growths  with  Cidaris 
Jtorigemma,  occupying  a  great  thickness,  and  having  below  them 
massive  limestones,  which  might  be  called  Coralline  Oolite ;  but  as, 
according  toEoyer(12),  they  have  rubbly  rag  below  them  at  Soncourt, 
they  must  be  placed  as  a  development  of  the  Coral  Eag.  Passing 
west  towards  the  Aube,  the  Diceras-beds  become  more  restricted,  and 
confined  to  the  upper  part,  as  at  La  Mothe,  while  the  coral-growth 
or  rubbly  beds  beneath  lose  their  character,  or  remain  as  shelly  lime- 

stones only.  On  reaching  the  valley  of  the  Aube  itself,  all  is  united 
in  an  undistinguishable  mass  of  limestone,  with  only  a  shelly  repre- 

sentative of  the  Supracoralline  beds  ;  and  Astartian  and  Corallian 
form  one  massive,  lying  on  Oxfordian  marls  at  Clairvaux,  and 
covered  by  Pterocerian  marls  near  Bar-sur-Aube.  Travelling  west 
to  the  valley  of  the  Laignes,  new  developments  arise.  The  thin  shelly 
band  is  replaced  once  more  by  Diceras-beds  of  considerable  thickness, 
and  the  beds  below  put  on  a  characteristic  form  at  the  base ;  for 
below  a  mass  of  compact  and  false-bedded  limestone  comes  a  rubbly 
mass  of  coral-growth,  full  of  the  shells  which  usually  accompany  it, 
though  Cidaris  florigemma  was  not  noticed.  This  again  might  be 
called  Coralline  Oolite,  but  that  it  is  believed  to  develop  into  Coral 
Eag  later  on.  In  the  valley  of  the  Armancon  this  lower  shelly  mass 
has  again  dwindled  down  to  a  narrow  band  ;  so  that  it  was  left  to 
Cotteau,  or  rather  to  ILLetteron  (43),  to  discover  it,  filled  with  corals 
and  the  usual  shells  and  echinoderms,  underlying  the  lithographic 
limestones.  This  discovery  seems  to  give  the  coup  de  grace  to  the 
idea  of  the  latter  being  Upper  Oxfordian  (25).  They  are,  in  fact, 
the  continuation  of  the  compact  limestones  of  the  Laignes  valley ;  and 
in  various  beds  contain  a  Corallian  fauna,  the  uppermost  of  which, 
met  with  byM.TIebert  near  Angy,  seems  to  have  led  him  (31)to  place 
the  Emit  of  the  Oxfordian  too  high,  i.  e.  above  instead  of  below  the 
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lithographic  limestones,  which  are  very  different  from  the  limestones 
of  Pacy.  In  fact,  the  limestones  of  Angy  and  Tonnerre  are  shown 
to  be  the  Supracoralline  beds,  and  do  themselves  contain  Diceras-beds, 
especially  at  the  top,  though  the  whole  is  enormously  developed,  so  as 
easily  to  mislead  one.  On  passing  westwards,  however,  to  the  valley 
of  the  Yonne,  still  more  is  in  store ;  for  while  in  the  neighbourhood 
of  Bailly  and  Yincelles  the  Supracoralline  beds  occur  in  all  their 
characters,  beneath  them  are  still  found  the  lithographic  limestones, 
more  than  usually  marly  at  Vermanton  ;  and  below  these  again  the 
coral-beds  of  the  Laignes  valley,  so  much  reduced  in  the  Armancon, 
burst  out  into  a  magnificent  mass,  wherein  corals  of  all  kinds, 
Dicer  as,  Nerincea,  and  all  the  Rag  fauna  are  confusedly  mixed  in  ex- 

treme abundance,  as  may  be  seen  so  well  at  Merry-sur- Yonne, 
Chatel-Ceusoir,  and,  in  a  more  uniform  character,  in  the  white  lime- 

stones of  Coulanges.  It  is  this  development  that  for  ever  negatives 
the  idea  that  Diceras-beds  are  necessarily  above  the  Coral  Rag,  though 
these  Dicerata  differ  from  those  of  the  Diceras-beds  in  apparently 
having  lived  near  the  spot,  and  in  not  having  been  rolled.  Beyond  this 
valley  the  Corallian  once  more  changes,  and  by  degrees  returns  to  the 
dead  uniformity  of  a  lithographic  limestone.  In  the  valley  of  the 
Loire  the  lower  Diceras-bed  is  seen  in  diminished  thickness  near  La 
Charite,  succeeded  in  an  upward  direction  by  compact  limestones, 
which  show  no  more  character  than  that  of  becoming  oolitic  near 
Pouilly.  On  the  left  bank  of  the  river,  however,  it  is  stated  (32,  60) 
that  the  Lower  or  Coral-Rag  Diceras-beds  are  not  to  be  found,  but  that 
the  Supracoralline  ones  are  once  more  developed  at  Sancerre.  These 
last  take  up  again  their  Armancon  form  near  Bourges,  and  show,  not 
quite  at  the  summit,  the  white  limestones  of  Angy  and  Tonnerre. 
Hence  to  the  Cher  is  the  path  of  degradation ;  for  in  the  latter  valley 
even  less  can  be  distinguished  than  in  that  of  the  Aube,  but  all  is 
lithographic.  In  the  Charente  department  the  Corallian  rocks  remain 
still  massive  and  but  slightly  characterized,  though  coral-beds  are 
developed  in  what  may  be  considered  the  equivalent  of  the  Coral  Rag. 
The  Supracoralline  beds  are  still  characterized  by  the  abundance  of 
Nerincece  and  by  the  presence  of  Diceras  and  Cardium  corallinum. 

In  the  Lower  Charente,  on  the  shores  of  the  Pertuis  d'Antioch,  the 
Corallian  rocks  put  on  a  fresh  form,  the  lower  part  being  a  white  f os- 
siliferous  limestone,  which,  by  its  fossils,  may  represent  the  Rag ; 
while  the  true  coral-bearing  beds  are  on  a  horizon  usually  "  supra- 

coralline," and  are  parallel  with  the  similar  development  in  the 
Ardennes.  It  would  appear  that  d'Orbigny  included  still  higher  beds 
in  his  '  Etage  Corallien '  here  ;  but  a  comparison  of  the  series  in  the 
two  Charentes  and  the  general  fauna  indicate  the  necessity  of  draw- 

ing the  line  separating  the  Corallian  from  the  Astartian  almost 
immediately  above  the  coral-reef  of  the  Point  du  Che.  In  the 
departments  of  the  Orne  and  Sarthe,  according  to  Hebert's  descrip- 

tion, there  would  appear  to  be  no  development  of  corals  on  the  usual 
horizon ;  but  the  Supracoralline  beds  contain  Diceras  and  are  over- 

lain by  coral-growth,  which  is  thus  on  a  higher  horizon  than  almost 
anywhere  else. 
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On  the  coast  of  Calvados  the  sequence  is  tolerably  plain ;  for 
the  beds  characterized  by  Cidaris  florigemma  succeed  immedi- 

ately to  the  Trouville  Oolite,  and  thus  occupy  the  base.  They 
change  laterally  into  coral-growth,  which  represents  the  Coral 
Rag;  so  that  there  is  little,  if  any  thing,  that  can  be  called  "  Coral- 

line Oolite,"'  unless  it  be  the  mass  that  underlies  the  Eag  in  the 
Trouville  quarry.    The  Supracoralline  beds  are  here  quite  different 
in  form  from  those  in  the  southern  range,  being  arenaceous,  instead 
of  calcareous  or  coralliferous  ;  nevertheless  they  contain  calcareous 
matter,  and  are  admirably  marked  off  stratigraphically  from  the 
beds  above  by  the  difference  of  lithological  character.    The  arena- 

ceous character  of  these  beds  appears  to  prevent  their  assimilation 
palseontologically  with  their  calcareous  representatives,  the  two  sets 
having  little  in  common  :  nevertheless  the  fossils  afford  no  nega- 

tive to  their  stratigraphical  correlation.    In  the  well-known  neigh- 
bourhood of  Glos,  in  like  manner,  can  be  traced  the  Coral  Rag  in 

all  its  commonest  characters,  with  perhaps  a  representative  of  a 
Coralline  Oolite  below.    Above,  we  appear  to  have  a  twofold  de- 

velopment of  Supracoralline  beds  : — one,  at  the  base,  being  calcareous 
and  similar  to  the  Novion  limestone  and  other  southern  supra- 

coralline beds,  wanting  only  the  Diceras,  but  with  abundance  of 
ramose  corals ;  the  other,  above,  being  an  enormous  development  of 
loose  sand,  corresponding  to  similar  beds  on  the  coast,  and  containing 
a  fauna  which  indicates  a  high  position.    These  sands  were  placed 
by  Zittel  and  Gouert  (under  the  guidance  of  Hebert)  as  Upper 
Corallian,  which  corresponds  to  the  above- assigned  place.  Their 
relation  to  the  coast-beds,  and  the  correspondence  of  the  latter  to  the 
Sandsfoot-Castle  beds  of  Weymouth,  leave  no  doubt  that  the  latter 
must,  with  them,  be  placed  as  Supracoralline.  We  come  thus  to  the 
discussion  of  the  Corallian  of  Dorset.   There  seems  little  doubt  that, 
the  Sandsfoot-Castle  beds  being  Supracoralline,  and  the  Osmington 
Oolite  Upper  Oxfordian,  we  must  find  the  beds  corresponding  to  the 

Coral  Rag  between  these  limits.     "What  actually  does  intervene  is 
the  Sandsfoot  Clay  and  the  Trigonia-beds.    The  abundant  fossils  of 
the  latter  still  leave  some  doubt  as  to  its  proper  position.     On  the 
one  hand,  such  fossils  as  Gervillia  aviculoides,  Ammonites  cordatv.s. 
Pectenflbrosus,  and  EcJiinobrissus  smtatus  are  extremely  Oxfordian  ; 
while  the  presence  of  0 street  eleltoieleet,  Cidaris  florigemma,  and 
Thanmastrcea  aracJinoides  attaches  the  rock  to  the  Corallian.  The 

knot  can  only  be  cut  by  calling  it  a  passage-bed,  or  by  placing  it 
with  other  similar  puzzles  as  "  Coralline  Oolite."     It  cannot,  how- 

ever, properly  represent  the  true  Coral  Rag  ;  and  thus  we  are  driven 
to  look  upon  the  Sandsfoot  Clay  as  being  its  equivalent  here,  a  cor- 

relation not  without  value  when  other  northern  localities  are  con- 
sidered.   In  jSorth  Dorset  the  lower  limit  of  the  Corallian,  as  now 

defined,  is  very  well  marked :  for  the  uppermost  Oxfordian  is  the 
false-bedded  series,  and  the  overlying  rubbly  beds  with  Cidaris  flori- 

gemma cut  off  the  upper  edges.   Nevertheless  the  palaeontology  is  not 
altogether  satisfactory ;  and  we  are  obliged  to  allow  a  wider  range 
than  usual  for  more  than  one  characteristic  fossil,  e.  g.  EcJiinobrissus 
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scutatus  and  Hemicidaris  intermedia.    At  Westbury  the  Corallian 
would  appear  to  be  almost  absent ;  for  we  must  now  refer  the  rubbly 
beds  with  Echinobrissus  scutatus  to  the  Upper  Oxfordian,  and  the  iron- 
ore  itself  is  nearly,  if  not  quite,  Astartian.     The  ferruginous  cha- 

racter of  rocks  appears  in  some  way  connected  with  such  gaps.  In 
the  neighbourhood  of  Westbrook,  Wiltshire,  a  coral-bed  has  been 
described*  from  which  Cidaris  florigemma  is  absent,  and  which, 
on  that  account,  is  considered  older  than  the  usual  Eag.    This  may 
be  so ;  but,  in  view  of  the  similar  Eag  in  the  Aube  department 
passing  into  a  true  j#oW(/<?mm«-Eag  in  the  Yonne,  the  difference  can- 

not be  of  much  importance,  either  here  or  elsewhere.    It  certainly 
need  not  be  considered  an  Oxfordian  reef.  At  the  Calne  quarries  the 
lower  clays,  like  those  of  Hillmarton,  abound  in  Cidaris  florigemma, 
and  the  bed  with  Hemicidaris  intermedia  occurs  towards  the  base  ; 
hence  an  examination  of  these  quarries  alone  might  lead  a  foreign 
geologist  to  call  the  freestones  Supracoralline  ;  but  the  error  of  such 
a  correlation  is  easily  proved  by  the  overlying  coral  -growths  observed 
in  the  heights  on  the  north  and  south  immediately  beneath  the  Kim- 
meridge  Clay.   There  is  little,  in  fact,  in  this  district  to  represent  any 
Supracoralline  beds.      The  same  is  true  all  the  way  to  Oxford, 
the  ferruginous  earth  being  the  only  deposit  referable  to  them. 
The  only  Corallian  rock  is  the  Coral  Eag  itself,  unless  we  call  the 
great  quarries  at  Wheatley  Supracoralline,  for  which  their  great 
resemblance  to  the  limestones  of  the  Ardennes  and  the  Meuse 
might  be  an  argument.    The  arrangement  of  the  Yorkshire  beds  is 
not  very  easy,  because  it  is  rather  difficult  to  decide  which  of  the 
beds  underlying  the  Eag  should  be  placed  with  the  Oxford  oolite, 
and  which  should  be  associated  more  closely  with  the  overlying 
mass.   Eeferring  to  our  comparative  sections  (Q.  J.  Gr.  S.  vol.  xxxiii. 
pi.  12),  the  abundance  of  Echinobrissus  scutatus  in  the  Lower  Oolites 
of  Grimston  mark  them  as  Oxfordian  ;  while  the  "  mamillated-ur- 
chin  series,"  by  its  Cidaris  florigemma,  is  as  plainly  Corallian. 
The  Chemnitzia-limestone  of  Malton  is  just  one  of  those  doubtful 
deposits  to  which  it  is  best  to  apply  the  name  Coralline  Oolite.  At 
Pickering  the  rubbly  nature  of  the  base  of  the  Upper  Limestones, 
g,  and  the  introduction  there  of  corals,  added  to  the  change  of 
fauna,  indicate  that  the  base-line  of  the  Corallian  should  be  drawn 
almost  directly  above  the  Trigonia-beds.    It  will  then  be  seen  that 
the  shell-beds  at  the  top  of  the  Lower  Limestones  are  more  con- 

nected with  the  uppermost  Oxfordian  than  with  the  Corallian.  As 

to  the  Supracoralline  beds,  they  are  simply  equivalent  to  the  "  Upper 
Calcareous  grit,"  which  latter  is  parallel  to  the  Sandsfoot  grit,  and 
not  altogether  above  it  as  we  previously  supposed  (I.  c.  p.  390), 
owing  to  the  non-recognition  of  the  Sandsfoot  clay  as  the  equiva- 

lent of  the  Coral  Eag. 
In  the  Boulonnais  the  clays  with  marly  limestones  of  the  Mont 

des  Boucards  were  first  called  Oxfordian  by  Eigaux  (33),  appa- 
rently because  they  seem  continuous  with  the  marls  below ;  but  on 

the  discovery  of  the  coral-bearing  beds  at  the  base  or  lower  part 
*  Quart.  Journ.  Greol.  Soc.  vol.  xxxiii.  p.  288. 
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(41),  Pellat  was  compelled  to  place  them  at  least  as  Corallian,  as  he 
identified  the  Coral  Rag  with  that  of  Brucdale,  and,  at  the  same  time, 
noted  that  the  overlying  marls  are  on  the  horizon  of  the  compact 
limestone  of  Youecourt  and  of  Tonnerre,  both  of  which  are  Supra- 
coralline.  At  a  later  date  (56),  owing  to  the  supposed  proof  by 
Sauvage  (51)  and  Rigaux  (53),  that  the  equivalents  of  the  marls  of 
the  Mont  des  Boucards  underlay,  in  the  soundings,  the  Brucdale  Coral 
Rag,  he  met  them  halfway,  and  placed  the  two  as  equivalent.  With 
the  breakdown  of  that  proof  is  lost  the  necessity  of  disturbing  the 
former  more  correct  reading,  by  which  the  coral-bearing  beds  of 
Brucdale  and  the  Mont  des  Boucards  are  the  true  Coral  Rag,  and  the 
marls  of  the  latter  place  are  Supracoralline,  though  not  developed 
at  Brucdale.  The  occurrence,  however,  of  Trigonia  Bronnii  in  a 
ferruginous  bed  above  is  too  close  a  resemblance  to  the  development 
at  Glos  and  Sandsfoot  to  allow  us  to  place  them  in  the  Astartian  ; 
and  we  must  raise  the  limit  of  the  Supracoralline  to,  at  least,  the 
top  of  this  bed. 

The  next  division  is  the  Kimmeridgian.  Its  limitation  above 
will  be  discussed  later  on ;  as  to  its  lower  limit,  a  point  much  dis- 

puted is,  whether  the  beds  called  Astartian  are  to  be  included  with 
it,  or  with  the  lower  beds.  It  is  to  this  portion  of  the  series,  it 
appears,  that  the  term  Sequanian  was  first  applied  by  Mareou* ;  and 
it  was  considered  part  of  the  Kimmeridgian,  while  Thirria  t  had 
previously  called  it  Astartian.  Neither  of  the  original  localities  for 
these  names  has,  as  yet,  been  examined ;  but  the  latter  is  adopted 
as  most  generally  in  use  for  a  distinct  portion  of  the  series.  De 
Loriol  (61)  is  probably  the  chief  advocate  for  uniting  the  Astartian 
with  the  Corallian  under  the  term  Sequanian,  led  thereto,  perhaps, 
by  the  supposed  sequence  in  the  Haute-Marne,  and  by  his  objection 
to  the  term  Corallian.  It  is,  however,  noteworthy  that  almost  every 
strati gr aphis t  separates  the  Astartian  from  the  Corallian,  to  associate 
it  with  the  Yirgulian  or  Pterocerian  in  one  great  group.  It  is  so  in 

the  description  of  the  Ardennes  (2),  of  the  Meuse  (13),  and  in  Royer's 
original  description  of  the  Haute-Marne  (4).  It  is  not  so  in  Ley- 
merie's  description  of  the  Aube  (7),  probably  because  he  held  all  the 
limestones  at  Clairvaux  to  be  Astartian,  nor  in  the  same  author's 
description  of  the  Yonne  (25).  But  it  is  practically  so  in  Cotteau's 
description  of  the  same  (42),  as  the  white  limestone  is  made  the 

uppermost  bed  of  his  "  Sequanian,"  which  thus  really  is  Supra- 
coralline, and  the  true  Astartian  beds  are  left  for  the  Kimmeridgian. 

It  is  so  in  the  Nievre  (32),  in  the  Cher  (60),  and  in  the  Charente 
(24)  ;  while  in  the  Lower  Charente,  the  coral-limestone  being  the 
highest  Corallian  bed,  it  may  be  taken  that  the  Astartian  is  not 
specially  recognized.  On  the  coast  of  Normandy  no  one  thinks  of 
associating  the  Trigonia-beds  with  the  Coral  Rag,  or  Supracoralline, 
though  they  succeed  the  latter  immediately  ;  and  a  study  of  the  rocks 
in  the  Boulogne  area  leads  Pellat  to  the  same  conclusion  (41). 

*  Reckerches  geologiques  sur  le  Jura  salinois,  p.  116:  1846. 
t  "  Notice  sur  le  terrain  Jurassique,"  Mem.  Soc.  S.  N.  Strasbourg,  1830,  p.  26. 

Q.  J.  G.  S.  No.  148.  2  q 
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There  may  be  some  difficulty  in  drawing  a  line  ;  hut  throughout  the 
whole  of  the  eastern  and  southern  range  one  finds  a  marly  charac- 

ter of  deposit  setting  in  again  over  the  true  Supracorallinc  beds, 
often  showing  much  rubble  and  indications  of  local  unconformity, 
as  we  should  expect  on  the  introduction  of  a  new  series.  The 
same  is  more  remarkably  true  in  the  North  and  in  England  ;  only 
in  the  Boulonnais  is  there  somewhat  more  difficulty  in  drawing 
the  line.  The  fossils  are  usually  sufficiently  distinct,  Terebratula 
Leymerii  being  a  characteristic  form.  The  conclusion,  therefore,  so 
tenaciously  held  by  Hebert  (21),  seems  to  be  the  true  one,  that  these 
beds  are  a  part  of  the  Kimmeridgian.  The  thickness  of  the  beds 
assigned  to  the  Astartian  by  the  describers  of  the  different  areas  is 
very  varying.  Thus,  in  the  Ardennes  they  are  said  to  be  21  feet, 
but  in  the  Meuse  400  feet ;  on  the  Haute-Marne,  again,  they  are 
supposed  to  be  thin.  It  is  plain,  therefore,  that  a  large  portion  of 
the  400  feet  (if  truly  determined)  must  realty  belong  to  the  Supra- 
coralline,  as  supposed  for  other  reasons.  Their  assigned  thickness 
in  the  Aube  is  due .  to  a  mistake,  as  before  noted  ;  in  the  Yonne 
again  they  are  called  33  feet ;  in  the  Cher,  down  to  the  base  of  the 
Nerinaaan  Oolito  is  35  feet,  though  80  feet  more  are  included  by 
Douville.  The  whole  is  therefore  of  comparatively  small  thick- 

ness, and  forms  only  a  subordinate  portion.  The  Kimmeridgian  is 
thus  divisible  into  three — Astartian,  Pterocerian,  and  Virgulian. 
The  first  of  these  is  practically  denned  above.  The  Pterocerian  is 
adopted  solely  in  deference  to  its  probable  justification  in  the  area 
where  it  was  first  introduced,  namely  the  Jura,  and  to  its  distinct- 

ness palaaontologically  when  the  fossils  of  any  locality  have  been 
carefully  studied.  Neither  in  the  basin  of  Paris,  nor  in  any  other 
part  yet  studied,  is  it  sufficiently  distinct  to  be  of  much  importance 
in  the  field.  The  Virgulian  is  the  most  easily  recognized  Kimme- 

ridgian deposit,  because  the  characteristic  oyster  occurs  constantly  in 
lumachclles  ;  but  it  is  not  confined  to  this  part  of  the  series,  either  in 
an  upward  or  downward  direction. 

In  the  Meuse  department,  and  probably  in  the  Ardennes,  the 
Kimmeridgian  is  highly  calcareous,  the  Virgulian  portion  alone 
being  marly.  In  the  former  there  still  remains  some  doubt  as  to 
the  true  limits  of  the  beds,  and  oven  as  to  their  stratigraphy.  While 
the  lower  portion  of  the  Astartian  requires  to  be  added  to  the  Coral- 
lian,  the  upper  group  appears  to  represent  the  Pterocerian  as  well, 
from  the  abundance,  as  recorded,  of  Pteroceras  oceani,  &c.  The 
lower  portion  abounds  in  the  characteristic  Ostrea  deltoidea.  As 
Tombeck  points  out  (40),  the  Virgulian  must  be  made  to  include  the 

marly  beds  at  the  base  of  Buvignier's  "  Calcaire  du  Parrois,"  since 
these  contain  Pholadomya  acuticosta  as  well  as  abundance  of 
Exogyra  virgula.  In  the  south  of  the  Meuse  department,  if  we 
place  the  compact  limestones  in  the  Corallian,  we  find  the  Astartian 
well  characterized  as  rubbly  limestones  :  and  a  comparison  of  this 
locality  with  the  Haute-Marne  in  the  valley  of  the  Rognon,  would 
lead  us  to  commence  the  Astartian  above  the  lithographic  limestones 
which  overlie  the  Saucourt  oolite.  Nevertheless  it  is  to  be  noted  that 
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both  Buvignier  in  the  Meuse,  and  Royer  originally  in  the  Haute- 
Marne,  included  the  lithographic  limestones  in  the  Astartian, 
and  Tombeck  and  Pellat  do  the  same.  It  is  therefore  possible 
that  the  line  of  junction  ought  to  be  carried  farther  down.  In  the 
south  of  the  Meuse  the  Yirgulian  beds  are  well  developed  and  very 
fossiliferous ;  but  the  lower  portion  has  not  yet  been  satisfactorily 
marked  off  as  Pterocerian,  although  from  the  recorded  occurrence  of 
Pteroceras  oceani  at  Mauvage,  and  the  distinct  grouping  of  the  fossils 
on  the  several  horizons,  such  a  subdivision  might  doubtless  be  made. 
Tombeck  has  divided  his  Kimmeridgian  into  two  zones,  those  of  Amm. 
orthocera  and  of  Amm.  caletanus,  corresponding  to  the  Pterocerian 
and  Yirgulian  respectively ;  and  these  subdivisions  are  accepted  by 
Pellat.  In  the  Aube,  contrary  to  the  description  of  Leymerie,  the 
Astartian  commences  above  the  chalky  limestone,  and  is  characte- 

rized throughout  by  rubbly  and  oolitic  beds,  with  abundance  of  Tere- 
bratula  Leymerii.  Near  Bar-sur-Aube  something  of  a  Pterocerian 
group  may  be  made  oat ;  but  the  fossils  have  not  been  sufficiently 
studied  to  draw  a  satisfactory  line,  which  must  be  a  palaeontclogical 
one.  In  the  valley  of  the  Armancon  we  have  the  same  difficulty 
as  in  the  Yonne  to  decide  how  far  above  the  Diceras-beds  the  Astar- 

tian must  commence,  the  rubbly  beds  next  above  containing  rolled 
corals  as  well  as  Terehratula  Leymerii ;  but  perhaps  the  line  is  best 
drawn  above  the  solid  oolite  block,  as  is  done  by  Hebert  (21)  in 
the  neighbouring  valley  of  the  Yonne.  No  subdivisions  correspond- 

ing to  the  Pterocerian  and  Yirgulian  have  been  made  out  in  these 
western  districts.  Plioladomya  acuticosta  is  the  most  characteristic 
fossil.  As  to  the  neighbourhood  of  Bourges,  the  chief  feature  is  the 
strong  development  of  a  Nerinsean  oolite.  The  beds  below  this  still 
containing  a  species  of  Dicer  as,  seem  certainly  more  referable  to  the 
Supracoralline,  in  spite  of  their  lying  so  far  above  the  white  lime- 

stones certainly  recognized  as  the  latter  ;  and  it  might  be  a  question 
whether  the  Neringsan  oolite  ought  not  also  to  be  placed  below 
the  line  of  separation;  but  the  presence  of  Plioladomya  Protei, 
Terehratula  Leymerii,  and  Trigonia  Baylii  may  be  allowed  to  decide 
it  in  favour  of  the  consensus  of  opinion.  In  the  Charente,  the  three 
portions  of  the  Kimmeridgian  are  recognizable,  the  Astartian  com- 

mencing where  the  beds  become  more  marly  and  contain  Oeromya 
ecccentrica  abundantly.  This  latter,  however,  is  not  a  fossil  which 
can  exclude  beds  from  being  Supracoralline ;  and  we  may  still  re- 

gard the  line,  therefore,  as  rather  arbitrary.  The  upper  two  zones 
are  well  distinguished  palseontologically.  The  same  may  be  said  of 
the  Lower  Charente :  the  Astartian  may  be  commenced  with  the 

marly  beds  of  the  Point  d'Angoulins,  with  abundance  of  Terehra- 
tula Leymerii,  also  Plioladomya  Protei  and  Ceromya  ecccentrica,  the 

latter  certainly  becoming  locally  characteristic ;  and  the  Pterocerian 
and  Yirgulian  are  well  distinguished,  according  to  Hebert  (54),  at  the 
Point  de  Chatellailon.  In  Normandy,  as  at  Weymouth,  the  Astar- 

tian beds  are  better  characterized  than  elsewhere.  The  change 
from  the  calcareous  grits  of  the  Supracoralline  is  very  marked ;  and 
the  beds  included  in  the  zone,  viz.  theYillerville  beds  and  the  Trigo- 

2q2 
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nia-grits  of  Havre,  with  any  Ostrea-deltoidea  beds  above  them,  have 
well-marked  features  of  their  own. 

There  cannot  be  any  doubt  of  the  correspondence  of  these  beds  to 
those  called  Astartian  throughout  the  whole  of  the  southern  range ; 
and  from  this  it  follows  that  the  Kimmeridge  passage-beds  of  Wey- 

mouth are  the  exact  representatives  of  the  same  portion.  It  seems 
also  most  satisfactory  to  place  the  Abbotsbury  and  Westbury  iron- 

stones in  the  same  horizon,  as  they  are  apparently  higher  than 
Supracoralline.  The  lowest  beds  of  the  Kimmeridge  Clay  seen  in 
the  Wootton-Bassett  cutting,  with  Rhynchonella  inconstans,  and  the 
great  Ostrea-deltoidea  beds  of  Lincolnshire,  belong  here  also. 

On  the  south  bank  of  the  Seine,  it  is  probable  that  at  Honfleur 
Pterocerian  beds  may  be  developed,  though  not  well  seen  ;  but  the 
great  mass  of  the  clay  at  the  Cap  du  Heve  belongs  to  this  division — 
that  is,  the  "  Marnes  a  Pteroceres  "  of  Dollfus,  and  the  beds  nos.  7 
to  14  of  Lennier.  In  spite  of  the  abundance  of  Exogyra  virgula, 
and  even  of  Terebratula  Leymerii  in  certain  beds,  this  portion  is 
well  marked  palseontologically  by  its  numerous  Pterocerata.  The 
Ammonite-marls  above,  so  far  as  seen,  belong  to  the  Yirgulian. 

Doubtless  the  same  subdivision  might,  with  care,  be  made  at  Wey- 
mouth ;  but  as  yet,  in  spite  of  the  many  collectors  who  formerly 

searched  the  shore,  no  Pterocerian  fauna  has  been  brought  to 
light.  The  Kimmeridge  Clay  of  England  has  been  shown  to 
be  divisible  into  two  groups*,  formerly  called  Upper  and  Lower 
Kimmeridge.  The  term  Kimmeridgian  must  now  be  confined  to 
the  latter ;  and  though  the  subdivision  into  Pterocerian  and  Vir- 
gulian  is  not  very  clear,  it  may,  perhaps,  fairly  be  taken  that  the 
absence  of  Exogyra  virgula  (as  in  Lincolnshire),  indicates  the  former, 
while  its  abundance  (as  at  Ely,  Swindon,  and  in  parts  of  the  south- 

ern coast  section)  indicates  the  latter.  The  idea  expressed  in  the 
paper  quoted,  that  the  Lower  Kimmeridge  Clay  represented  the 
Astartian,  was  founded  on  the  abundance  of  an  Astarte  which  at 
least  is  very  like  A.  swpracorallina.  It  may,  however,  be  distinct ; 
and  in  any  case  its  presence  cannot  be  allowed  to  interfere  with 
stratigraphical  conclusions  supported  by  the  general  palseontological 
facies. 

In  the  Boulogne  area  we  have  the  same  difficulty  in  drawing  the 
lower  limit  as  at  Bourges.  While,  on  the  one  hand,  there  need  be 
no  hesitation  in  including  the  Gres  de  Wirvigne  in  the  Astartian, 
or  the  Mont-des-Boucards  marls  in  the  Supracoralline,  the  three 
intervening  deposits  are  doubtfully  attached  either  to  one  or  the 
other.  It  is  certain  that,  in  the  Meuse,  Buvignier  would  include 
such  beds  as  the  Ostrea-deltoidea  clays  in  the  Astartian ;  yet  the 
ferruginous  bed  above  with  Trigonia  Bronnii  seems  to  unite  both, 
through  the  Normandy  sections,  to  the  Supracoralline,  as  has  been 
seen  above,  p.  563.  The  important  Nerincea-oolite,  again,  is  con- 

nected with  the  lower  series  by  the  abundance  of  that  genus,  nowhere 
characteristic  of  Astartian,  but  constantly  found  in  Supracoralline 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  p.  197. 
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beds ;  and  its  complete  fauna,  as  given  by  de  Loriol,  shows  that 
17  species  are  common  to  lower  beds  and  only  10  to  higher.  Much 
therefore  might  be  said  for  making  this  Supracoralline ;  but  as  there 
is  not  much  certainty  about  it,  and  it  has  hitherto  been  placed  in  the 
Astartian,  it  may  be  left  there,  with  the  similar  rock  at  Bourges,  for 
the  present.  Perhaps  it  would  be  preferable  to  draw  the  line  im- 

mediately above  this,  and  include  the  F2  F3  of  Pellat  with  the  Gres 
de  Wirvigne.  The  fossils  of  the  latter  approximate  closely  to  the 
Astartian  at  Havre.  The  remainder  of  the  Kimmeridgian  is  well 
characterized  here  ;  the  lower  portion,  being  apparently  barren  of 
Pteroceras,  would  be  better  named  after  its  Ammonite  ;  but  the 
upper  part  is  markedly  Yirgulian,  and  corresponds  to  the  mass  of 

the  "  Lower  "  Kimmeridge  Clay  (so-called)  of  Dorset.  In  the  Pays- 
de-Bray  only  this  portion  is  seen. 

For  the  series  of  deposits  which  overlie  the  true  Kimmeridgian  or 
Yirgulian,  and  underlie  the  true  Portland  beds,  the  name  of  Bolonian 
is  proposed.  It  has  already  been  proved*  that  in  the  Boulogne 
area  these  rocks  correspond  to  what  had  been  hitherto  considered 
an  integral  portion  of  the  Kimmeridge  Clay  ;  and  Waagen  (35),  by 
separating  them  as  a  zone  above  the  Yirgulian,  came  to  practically 
the  same  conclusion.  For  the  lower  portion  of  them,  therefore,  which 
especially  differs  in  lithological  character  from  Kimmeridge  Clay,  and 
is  of  the  nature  of  an  episode  in  its  midst,  the  name  of  "  Bolognian 
episode  "  was  formerly  proposed.  A  further  study  of  the  same  series 
in  the  basin  of  Paris  shows  that  elsewhere  they  are  not  specially  epi- 
sodal  in  character,  but  nevertheless  require  separation  from  the  Yirgu- 

lian. The  name  Portlandian  has  usually  been  applied  to  them ;  but 
since  it  is  certain  that  they  do  not  correspond  to  our  Portland  rocks, 
but  to  beds  below  them,  this  name  is  to  the  last  degree  mislead- 

ing f ;  and  the  only  way  out  of  the  confusion  is  the  use  of  a  distinct 
name.  Saemann  is  said  by  Pellat  (39)  to  have  proposed  the  name 
Pontidian ;  but  as  this  is  rejected  by  the  latter,  who  alone  mentions 
it,  it  cannot  be  said  to  have  priority  ;  and  it  is  not  a  good  geogra- 

phical name.  It  seems  therefore  best  to  modify  the  name  already 
applied,  and  extend  it  to  all  the  continental  beds  which,  not  being  so, 
have  been  called  Portlandian.  Some  name  connected  with  the  term 

"  Calcaire  du  Barrois would  have  been  better,  if  some  true  Port- 
land stone  had  not  been  included  in  that  term. 

These  Bolonian  beds  admit  of  a  twofold  subdivision  in  almost  every 
locality,  though  the  apparently  natural  limits  in  the  several  places  may 
not  quite  coincide.  In  the  Boulogne  area  the  two  parts  here  distin- 

guished have  been  called  "Lower  and  Middle  Portland."  According 
to  Pellat,  the  fauna  of  the  Lower  Bolonian  commences  in  the  clays 
beloiv  the  great  conglomerates ;  hence  the  change  of  fauna  was  not 
brought  about  by  the  changes  of  physical  character,  but  had  already 
commenced.  The  palseontological  line  will  therefore  not  coincide  with 
the  lithological  one ;  but  the  upper  parts  of  the  clay  series  are  inde- 

*  Quart.  Journ.  GTeol.  Soc.  vol.  xxxvi.  p.  189. 
t  Some  Swiss  geologists  hare  been  led  by  this  misnomer  to  declare  that  there 

are  no  Portland  beds  (in  their  sense)  in  the  Isle  of  Portland ! 
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pendently  marked  off  by  a  change  of  fauna,  and  the  "  Lower  Port- 
land "  comes  in  in  the  midst  as  a  true  episode.  This  episode  is  less 

marked  in  the  Pays  de  Bray,  and  scarcely  recognizable  in  the  coast 
of  Kimmeridge,  where  we  find  the  northern  argillaceous  type  of 
the  Bolonian,  equally  marked  off  from  the  Virgulian  by  its  fossils. 
During  the  same  epoch  the  southern  or  calcareous  type  was 
being  developed.  The  distinctions  made  in  this,  of  lithographic 
limestones,  carious  limestones,  and  tubular  limestones,  are  too  local 
to  be  of  great  importance  ;  but  the  two  zones  of  Ammonites  gigas  and 
either  of  Pinna  suprajurensis  or  Cyprina  Brongniarti  are  of  wider 
interest.  These  represent  the  bulk  of  the  Bolonian  in  the  southern 
range.  It  would  appear  that  at  Boulogne  the  argillaceous  and  cal- 

careous types  overlapped  for  a  while,  and  the  palseontological  divisions 
scarcely  coincide  with  the  lithological.  Hence  if  we  divide  the  Bolo- 

nian into  the  two  parts  which  have  the  widest  significance,  the  Lower 
Bolonian,  or  zone  of  Amm.  gigas,will  commence  with  M2and  end  above 

~N2  of  M.  Pellat  (that  is  below  the  Perna-beds) ;  and  the  Upper  Bolo- nian (or  zone  of  Cyprina  Brongniarti  in  the  south)  will  include  N3 
and  JN^ — that  is,  the  remainder  of  the  episode,  together  with  argil- 

laceous beds  called  "Middle  Portland."  M.  Pellat  includes  N2  also  in 
the  upper  zone ;  but  as  it  contains  Amm.  gigas  the  reason  of  this  is  not 
evident.  The  northern  type  may  also  be  divided  palaeontologically, 
independently  of  the  forms  which  may  be  supposed  introduced  from 
the  south.  The  lower  portion  appears  to  be  characterized  by  Amm. 

suprajurensis  (formerly  quoted  as  "A.  TliurmanniV},  and  the  upper 
by  several  species,  amongst  which  it  is  difficult  to  choose  the  most 
characteristic.  Belemnites  SouicJiii,  Astarte  JScemanni,  and  Biscina 
latissima  are  the  chief  species  almost  confined  to  this  portion .  These 
divisions  would  coincide  very  nearly  with  those  of  the  southern  range ; 
and  if  with  the  zone  of  Cyprina  Brongniarti  were  included  the  un- 
fossiliferous  grey-green  limestones  of  the  Meuse  and  Haute-Marne, 
the  periods  might  be  considered  synchronous.  This  is  very  nearly 
the  correlation  made  by  Pellat  (39,  68) ;  that  is,  he  recognized  in  the 
two  fossiliferous  zones  his  "Lower  Portland,"  and  in  the  barren  zone 
the  possible  equivalents  of  his  "Middle  Portland."  His  greatest  line 

of  division,  however,  is  at  a  different  place,  namely  above  N"4.  This arrangement  may  be  most  suitable  for  Boulogne ;  but  it  makes  the 
Upper  Bolonian  almost  absent  from  the  southern  ranges,  whereas  it 
probably  continued  there  in  its  varied  forms  long  after  the  intro- 

duction of  clay  and  clay-loving  forms  into  the  Boulonnais. 
Tracing  these  beds  through  the  areas  of  their  occurrence, 

we  find  only  the  lower  Bolonian  or  lithographic  limestones  in 
the  Ardennes  and  Northern  Meuse ;  and  from  these  the  lower 
portion  of  the  rocks  assigned  to  the  same  series  by  Buvignier 
must  be  detached,  as  containing  a  more  Yirgulian  fauna,  especially 
Pholadomya  acuticostata.  The  presence  of  Exogyra  virgula  itself 
even  in  lumachelles  cannot  be  made  of  any  great  importance,  since 
at  Boulogne,  throughout  the  southern  range,  and  even  in  England 
that  oyster  certainly  survived  the  introduction  of  a  very  distinct 
fauna  of  far  more  interest  than  itself.    There  is  no  sign  of  thinning 
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,  583 of  the  Bolonian  beds  in  the  Meuse,  as  Hebert  supposed  (21) ;  for,  as 
Buvignier  (22)  points  out,  the  smaller  quantity  there  visible  is  com- 

posed of  the  lowest  beds  only,  and  not  of  diminished  representatives 
of  all.  On  entering  the  Haute-Marne  much  more  is  seen,  in  fact 
the  full  development,  which,  however,  commenced  near  Bar-le-Duc 
in  the  extreme  limit  of  the  Meuse.  The  Lower  Bolonian  will  here  be 

the  "  Lithographic  limestones  "  of  Buvignier  and  the  zone  of  Ammo- 
nites gigas  of  Boyer  and  Tombeck,  of  which,  after  them,  the  Bure 

oolite  may  be  taken  as  the  upper  limit  *.  The  Upper  Bolonian  in- 
cludes the  more  fossiliferous  beds,  distinguished  as  carious,  spotted, 

and  tubulous  limestones,  and  also  the  lower  portion  of  the  series 
called  the  zone  of  Cyrena  rugosa,  namely  the  porous  limestones, 
which  are  mostly  unfossiliferous,  but  in  places  appear  to  contain 
Natica  Marcousana,  a  very  characteristic  Bolonian  fossil.  Passing 
westwards,  the  tubulous  limestones  and  higher  beds  are  rapidly  lost, 
and  the  series  is  reduced  in  the  valley  of  the  Aube  to  the  Lower 
Bolonian  and  the  carious  limestones.  These  two  are  of  longer  con- 

tinuance, and  are  found  as  fully  developed  and  still  more  fossiliferous 
in  the  valley  of  the  Yonne,  while  they  have  representatives  as  far  as 
Bourges.  In  the  Charente  the  sandy  limestones  near  Angouleme  give 
us  fair  representatives  of  the  Lower  Bolonian,  though  with  a  somewhat 
uncommon  fauna,  somewhat  allying  it  to  the  Upper.  This  latter  must 
be  recognized  in  the  wide-spread  limestones  with  Cyprina  Brongni- 
arti  and  other  usual  fossils  of  this  horizon.  Possibly  representatives 

of  the  Lower  Bolonian  exist  in  the  He  d'Oleron,  in  the  limestones  at 
the  base  with  A.  Gravesianus  ;  but  the  great  mass  seen  to  the  south 
of  the  harbour  of  S.  Denis  is  undeniably  Upper  Bolonian,  with  the 
same  palseontological  characters  as  in  the  Charente.  Neither  in  the 
Orne  and  Sarthe  departments  nor  in  Normandy  are  beds  so  high  in 
the  series  reached.  In  the  Pays  de  Bray  the  lowest  Upper  Jurassic 
rocks  are  the  Yirgulian  marls ;  and  above  them  the  Bolonian  beds 
are  well  developed.  These  are  considered  by  M.  de  Lapparent  (69)  to 
commence  with  his  "beds  with  Ostrea  catalaunicaf  while  his  "upper 
clays  and  lumachelles  "  and  "  compact  lithographic  limestones  "  are 
referred  to  the  Yirgulian.  It  has,  however,  been  shown  that  the  top 

of  the  "  lower  clays  and  lumachelles  "  is  exceedingly  similar  in  cha- 
racter to  the  base  of  the  Lower  Bolonian  at  Boulogne,  that  in  the 

north  these  contain  the  characteristic  Trigonia  Munieri,  and  in  the 
centre  the  lithographic  limestones  contain  Amm.  gig  as,  while  in  the 
south,  according  to  MM.  Sasmann  and  Graves  (39,  8),  at  Hodenc,  a 
locality  coloured  Portlandian  by  M.  de  Lapparent,  the  upper  marls 
(which  are  very  thin  in  the  north)  contain  Amm.  gigas  and  Amm,. 
Gravesianus,  and  are  followed  immediately  by  beds  with  Cyprina 
Brongniarti.  Hence  it  is  more  consonant  with  other  localities  to 
commence  the  Lower  Bolonian  towards  the  top  of  the  "  lower  clays 
and  lumachelles,"  and  end  it  at  the  top  of  the  "  beds  with  Ostrea 
catalaunica."  The  Upper  Bolonian,  as  before  noted,  commences 
with  the  "  calcareous  grit  with  Anomias  "  and  continues  to  the  top 

*  Perhaps  the  beds  at  Cirly  recorded  by  Tombeck  to  contain  Amm.  gigas 
and  A.  suprajurensis,  ought  to  be  also  included  in  the  Lower  Bolonian. 
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of  the  blue  marls  called  "  Middle  Portland."  The  latter  undoubtedly 
correspond  to  the  beds  called  by  the  same  name  at  Boulogne ;  and 
the  grits  below  represent  the  upper  part  of  the  so-called  "  Lower 
Portland,"  as  has  been  shown  by  Pellat  (46). 

In  our  own  country  the  Bolonian  strata  are  pretty  nearly  synony- 
mous with  those  shown  to  be  separable  under  the  title  Upper 

Kimmeridge.  Only  in  the  coast-section  of  Dorsetshire  has  any  dis- 
tinction into  Upper  and  Lower  Bolonian  been  possible  as  yet ;  but 

when  once  it  is  recognized  that  the  whole  is  argillaceous,  the  two 
parts  may  be  some  day  recognized  by  their  fossils.  Throughout  the 
basin  of  Paris,  however,  and  in  the  Dorset  section,  the  lower  beds  are 
less  fossiliferous,  and  therefore  in  England  they  will  be  less  likely 
to  attract  attention  in  inland  sections.  In  separating  the  Bolonian 
from  the  Kimmeridge  below  and  the  Portland  above,  there  arises  in 
England,  as  at  Boulogne,  the  question  as  to  their  limits.  In  the 
latter  place,  the  "  Lower  Portland  "  is  taken  by  Pellat  (68)  to  com- 

mence in  the  midst  of  marls,  on  account  of  the  change  of  fauna. 
And  this  change  is  a  remarkable  one ;  for  it  consists  in  the  intro- 

duction of  species  which  do  not  specially  characterize  the  episodal 
deposits,  but  which  continue  upwards  through  the  whole  of  the 
Bolonian.  So  on  the  coast  of  Dorset  the  lower  limit  of  the  Bolonian 
must  also  be  drawn  in  the  midst  of  clays,  where  the  most  marked 
introduction  of  new  species  commences.  This  takes  place  at  no  very 
well  defined  line ;  so  that  the  limit  must  remain  open ;  in  any  case 
it  will  be  below  bed  No.  29  of  the.Kimmeridge  Bay  section,  and  may 

be  as  low  as  No.  40.  At  Boulogne,  the  "Middle  Portland  "  has  been 
taken  to  end  upwards  where  "the  sands  cease  to  be  marly  and  are often  consolidated  into  calcareous  grits,  the  lowest  beds  of  the  next 
series  containing  a  different  fauna,  the  most  remarkable  species  being 
Cardium  Pellati.  If  we  draw  the  same  line  in  England,  it  will 
lie  immediately  beneath  the  Flinty  series  of  the  coast,  the  Tisbury 
freestone,  the  Swindon  Trigonia-beds,  and  the  rubbly  limestones  of 
Buckinghamshire.  In  other  words,  the  "Portland  Sand"  must  be 
thrown  into  the  Upper  Bolonian,  care  being  taken  that  the  glau- 
conitic  and  rubbly  beds  which  form  the  base  of  the  true  Portland 
are  not  included.  That  the  sands  ought  to  be  separated  from  the 
Portland  Stone  was  perceived  by  Eitton  ;  and  their  distinctness  from 
the  general  mass  of  the  Kimmeridge  Clay,  was  equally  clear  to  him. 
The  fact  of  their  containing  a  fauna  muck '  allied  to  that  of  the 
higher  parts  of  what  was  then  called  the  Kimmeridge  Clay,  enables 
us  rightly  to  associate  the  two  under  a  separate  and  common  title, 
the  Bolonian.  This  period  both  in  England  and  the  North  of 
France,  served  as  an  introduction  to  the  Portland,  with  the  lowest 
beds  of  which  its  uppermost  strata  have  several  fossils  in  common. 

The  localities  in  England  which  show  Bolonian  strata  may  now 
be  enumerated.  In  general,  of  course,  all  that  has  been  described 
as  Portland  Sand  will  now  represent  part  of  the  Upper  Bolonian, 
and,  in  addition,  much  that  has  been  termed  Kimmeridge  Clay.  The 
brick-yards  at  Upway,  the  fossiliferous  beds  at  the  base  of  the  Tis- 

bury section,  the  sandy  "  Kimmeridge  Clay  "  of  Devizes,  so  rich  in 
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fossils,  the  sandy  portions  below  the  actual  sand  on  the  northern 
slopes  of  Swindon  Hill,  the  lower  part  of  Shotover  Hill  with  the 
finely  laminated  clays,  the  uppermost  part  of  the  pit  at  Ely,  and  the 
whole  of  the  mass  called  Upper  Kimmeridge  in  Lincolnshire  *,  all 
belong  to  the  Bolonian.  In  most  cases  no  subdivision  into  Upper 
and  Lower  can  be  traced ;  but  the  record  by  Prof.  Judd  (Q.  J.  GL  S. 

vol.  xxiv.  p.  237)  of  Amm.gigas  and  Amm.  Gravesianus  in  the  "  Port- 
landian  "  portion  of  the  Speeton  Clay  would  appear  to  indicate  the 
distinctness  of  the  Lower  Bolonian  in  that  locality.  It  appears 
from  this  description  that  the  Upper  Bolonian  in  the  northern  area 
may  be  divided  into  3  minor  parts  as  in  the  south,  viz.  the  zone  of 
C yprina  Brongniarti,  the  zone  of  Discina  latissima,  and  the  Portland 
Sands,  which  last  might  be  called  the  zone  of  Belemnites  SouicJiii. 

The  last  series  to  be  considered  is  the  Portlandian.  The  line  of 
junction  of  this  with  the  Bolonian  has  already  been  discussed.  The 
beds  above  this  line  which  may  be  certainly  placed  among  Jurassic 
deposits,  are  the  Flinty  Series,  the  Building-stones,  and  the  Purbecks 
of  the  Isle  of  Purbeck.  Towards  the  close  of  the  Jurassic  epoch 
freshwater  conditions  appear  to  have  set  in  in  various  parts  of  the 
area  under  study.  There  is,  however,  no  reason  to  suppose  that 
their  introduction  in  every  place  was  synchronous,  but  every  reason 
to  think  the  contrary ;  yet  by  the  custom  of  calling  all  these  beds 

"  Purbeck  "  their  synchronism  has  been  practically  affirmed.  To 
obviate  this  it  is  proposed  to  include  the  typical  Purbecks,  as  seen  in 
the  Isle  of  Purbeck  itself,  in  a  "  Portlandian  "  group,  of  which  it  will 
form  the  upper  member,  while  the  Plinty  series  and  Building-stones 
form  the  lower.  There  can  be  no  objection  to  this,  if  it  renders  cor- 

relation easier. 
It  remains,  then,  only  to  indicate  the  localities  where  these  rocks 

occur,  and  their  position  in  the  group.  In  the  southern  range 
no  possible  representative  is  met  with  till  we  reach  Bar-le-Duc, 
shortly  before  entering  the  Haute-Marne.  Here  commences  a  small 
mass  of  rocks  formerly  considered  Suprajurassic,  of  which  the  most 
noteworthy  is  the  vacuolar  oolite.  From  stratigraphical  position,  this 
might  equally  well  represent  the  upper  part  of  the  Upper  Bolonian ; 
but  the  occurrence  in  it  of  Astarte  rugosa,  a  characteristic  fossil  of 
true  Portland  rocks,  leads  to  its  being  placed  as  Lower  Portlandian, 
a  correlation  to  which  Pellat  (68)  agrees  (using  the  term  in  the 
sense  now  defined).  These  beds  have  been  proved  (40)  to  be  over- 

lain unconformably  by  the  Neocomian  ;  so  that  nothing  higher  is  to 
be  found  ;  but  it  is  a  remarkable  circumstance  that  the  greatest 
development  upwards  is  just  at  that  locality  where  all  detrital  beds 
are  at  their  maximum,  opposite  the  Straits  of  Dijon.  These  beds 
soon  disappear  ;  and  nowhere  else  in  the  same  range  can  similar  beds 
be  found.  In  the  Charente,  however,  if  we  correlate  the  limestones 
with  Cyprina  Brongniarti  (or  its  representative)  with  the  Upper 
Bolonian,  the  succeeding  beds  with  Corbula  injiexa  must  be  the  base 
of  the  Lower  Portland.    Indeed  the  Portlandian  and  Bolonian  may  be 

*  In  the  map  in  Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  p.  202,  the  names  "  Upper 
Kimmeridge"  and  "  Lower  Kimmeridge"  have  been  interchanged  by  error. 
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here  less  distinct  than  elsewhere  ;  for  if  Coquand  is  right  in  recording 
Cardium  dissimile  from  the  latter,  and  the  shell  called  Astarte 
rugosa  has  been  rightly  determined  from  Chassors,  there  is  a  very 
Portlandian  aspect  even  about  the  Lower  Limestone,  though  it  would 
be  impossible,  for  stratigraphical  reasons  and  from  the  general  cha- 

racter of  its  fauna,  to  separate  it  from  the  Upper  Bolonian.  Thus 
there  is  nothing  to  absolutely  prevent  a  geologist  from  considering, 
with  Coquand  (24),  that  the  gypseous  beds  at  the  top  belong  to  the 
Upper  Portland,  i.\e.  Purbeck  ;  but  it  is  more  in  keeping  with  proba- 

bility to  regard  them  as  taking  the  place,  without  any  intervening 
gap,  of  the  Lower  Portland  or  true  Portland  limestone,  as  Manes 

does  (17)  when  he  groups  the  equivalent  beds  in  the  He  d'Oleron 
with  those  below.  In  the  latter  locality,  at  St.  Denis,  it  is  undoubted 
that  beds  with  Cardium  dissimile  follow  very  closely  on  others  with 
Cyprina  Brongniarti  (or  its  representative) ;  and  these  we  are  justified 
in  considering  Portlandian.  They  are  followed  conformably  by  the 
gypseous  beds,  which  are  associated  with  others  containing  fossils 
like  the  beds  below ;  and  these  too,  therefore,  are  placed  as  Lower 
Portlandian.  In.  the  Pays  de  Bray  it  has  been  satisfactorily  shown 
that  above  the  Upper  Bolonian  clays  come  ferruginous  grits  contain- 

ing true  Trigonia  gibbosa ;  and  these  are  therefore  rightly  placed 
by  de  Lapparent  (69)  and  Ssernann  on  the  horizon  of  the  Lower  Port- 

landian of  the  present  paper.  In  the  Boulonnais  the  beds  hitherto 

called  "  Upper  Portland "  correspond  without  doubt  to  the  true 
Portland  limestone,  but  not  to  the  whole  of  it.  Throughout  they 
are  more  or  less  arenaceous,  and  correspond  lithologically  to  the 
Flinty  series,  while  their  characteristic  Ammonite  is  A.  bononiensis, 
and  not  A.  giganteus,  which  latter  is  characteristic  of  the  Building- 
stones.  Here,  therefore,  the  Portland  series  is  incomplete  ;  and  the 
beds  which  lie  at  the  top  and  contain  Astarte  socialis  and  Cyprids 
are,  for  this  reason,  scarcely  likely  to  represent  Purbeck  beds.  They 
are  in  fact  so  rubbly  and  irregular  that  they  cannot  be  considered 
conformable,  and  may  be  of  any  age,  either  Purbeck  or  Wealden ; 
but  there  is  not  the  slightest  proof  that  they  belong  to  the  former. 
Finally,  in  our  own  country  it  has  been  shown  (Q.  J.  Gr.  S.  vol. 
xxxvi.  )  that  the  Portland  limestone  is  only  complete  in  Dorsetshire 
and  the  Vale  of  Wardour ;  and  in  these  two  districts  the  freshwater 
(or  partially  freshwater)  strata  will  belong  to  the  Upper  Portlandian, 
and  be  its  only  representatives.  Justifications  for  a  closer  associa- 

tion of  these  rocks  with  the  Portland  marine  limestones  than  is 
allowed  by  calling  them  Purbeck,  may  be  found  in  the  occurrence 
in  them  of  Hemiddaris  purbeckensis  in  Dorsetshire,  a  fossil  found 
also  in  the  Upper  Bolonian,  and  of  Trigonia  densinoda,  belonging 
to  the  Glabra?,  recently  described  by  Mr.  Etheridge  (Q.  J.  G.  S.  vol. 

xxxvii.  p.  247)  in  the  Vale-of-Wardour  "  Purbecks."  It  is  true 
these  beds  exhibit  local  unconformities ;  but  that  is  natural  when 
freshwater  strata  succeed  marine  ;  and  it  is  to  be  noted  that  "  Pur- 
becks  "  never  lie  on  any  thing  but  "  Portlands."  The  so-called 
Purbecks  of  Swindon  and  those  of  Buckinghamshire,  lying  on  lower 
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portions  of  the  Portland  limestones,  will  belong  to  the  Lower 
Portlandian. 

In  bringing  this  Part  I.  to  a  close,  I  must  not  omit  to  return  my 
thanks  to  those  who  have  assisted  me  ;  especially  to  M.  de  Lapparent, 
who  enabled  me  to  study  the  literature  of  the  subject  in  Paris,  and 
who  showed  me  the  true  Portlandian  fossils  from  the  Pays  de  Bray ; 
to  Prof.  Hebert,  who  gave  me  many  valuable  indications  of  the  best 
localities  to  visit,  without  which  my  difficulties  would  have  been 
greatly  increased  ;  to  M.  Rigaux,  who  has  on  several  occasions  guided 
me  in  the  Boulonnais ;  to  MM.  Cotteau  and  de  Loriol,  who  have  given 
me  copies  of  some  of  their  writings  for  reference ;  and,  finally,  to  the 
Government-Grant  Committee  of  the  Eoyal  Society,  to  whose  recom- 

mendation I  owe  the  means  of  carrying  on  these  researches  on  the 
Continent. 

EXPLANATION  OF  PLATE  XXVI. 

Comparative  diagram  sections  of  Upper  Jurassic  Eocks,  Paris  Basin 
and  England. 

Discussion. 

The  President  stated  that  the  correlations  of  the  author  went 
far  to  complete  our  knowledge  of  the  Upper  Jurassic  rocks  in  the 
Anglo-Parisian  Basin. 

Mr.  Hudleston  was  able  to  confirm  the  author's  views  concerning 
the  correlation  of  the  Upper  Jurassic  strata  in  parts  of  this  country 
with  those  of  the  Ardennes  as  regards  the  lowest  beds  in  question. 
The  coincidence  in  the  faunas  of  the  beds  in  these  widely  separated 

areas  was  very  remarkable.  He  thought  Mr.  Blake's  observations 
tended  to  support  the  views  of  M.  Hebert  rather  than  those  of 
M.  de  Loriol  with  respect  to  the  importance  of  the  Coral  Rag  as  a 
formation.  He  did  not  agree  with  the  separation  of  the  so-called 
"Pterocerian;"  nor  could  he  agree  with  the  author  in  absorbing  the 
greater  part  of  the  Kimmeridge  Clay  into  his  "Bolonian."  The 
author's  Bolonian  was  called  by  the  French  authors  Lower  Portlan- 

dian, and  was  claimed  by  them  as  the  normal  or  characteristic  de- 
posit ;  while  the  Portlandian  in  the  south  of  England,  on  a  higher 

horizon,  was  the  less  constant  development,  and  therefore  more 
truly  the  episode. 

Tne  Author,  in  reply  to  Mr.  Hudleston,  stated  that  the  Astartian 
of  this  country  resembled  that  of  Normandy  rather  than  that  of 
the  Boulonnais  ;  but  he  agreed  with  him  as  to  the  Pterocerian.  He 
thought  that  the  calling  of  the  Bolonian  by  the  name  of  "  Port- 

landian "  had  been  a  continual  source  of  error. 
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39.  A  Descriptive  Catalogue  of  some  of  the  Species  of  Ammonites 
from  the  Inferior  Oolite  of  Dorset.  By  S.  S.  Buckman,  Esq. 
(Communicated  by  James  Buckman,  Esq.,  E.G.S.)  (Read 
June  22,  1881.) 

Before  commencing  a  descriptive  catalogue  of  these  Ammonites,  it 
may  be  as  well  to  give  some  idea  of  the  various  beds  from  which 
they  come.  This  has  been  done  before ;  but,  various  mistakes  having 
crept  in  and  new  researches  having  given  us  fresh  information,  I 
deem  it  worth  while  to  reintroduce  the  subject. 

The  beds  under  consideration  begin  with  the  "  Sands  "  or  "  Pas- 
sage-beds," also  called  Midford  Sands.  They  are  from  about  100  to 

150  feet,  perhaps  more,  in  thickness,  with  interpolated  layers  of 
comminuted  shells  about  a  foot  or  so  thick,  occurring  at  intervals  of 
from  4  to  10  feet.  These  layers  contain  a  large  conglomeration  of 
broken  shells,  so  that  good  specimens  are  scarce.  I  have  obtained 
from  them  a  JRhynchonella  which  is  probably  R.  cynocephala  (Bichard.), 
besides  Barpoceras  Moorei  (Lycett),  and  several  species  of  Trigonia 
(clavellated  and  costate),  Lima,  Astarte,  &c. ;  and  I  am  led  to  sup- 

pose that  these  sands  are  probably  equivalent  to  the  lower  part 
of  the  Cynocephala  stage  of  Lycett,  in  the  Cotteswold  Hills. 

Above  these  sands  comes  the  stone  of  the  Inferior  Oolite.  This 

stone  changes  at  certain  levels,  both  in  composition,  colour,  and  hard- 
ness. The  Ammonites  do  not  occur  all  in  one  bed,  but  this  Inferior 

Oolite  stone  can  be  very  well  divided  into  four  zones,  which  are  ex- 
tremely well  marked,  but  vary  very  greatly  in  thickness  at  different 

localities  ;  and  it  is  probably  this  variation  in  thickness,  and  some- 
times almost  complete  absence  of  a  zone,  that  has  led  to  very  much 

confusion. 
At  the  base  of  the  Inferior  Oolite  Limestone  comes  the  zone  of 

Barpoceras  Murchisonce.  It  rests  on  a  bed  of  blue  stone,  which 
probably  belongs  properly  to  the  sands. 

The  bed  in  which  B.  Murchisonce,  occurs  is  mostly  of  a  light  brown 
colour,  sometimes  well  filled  with  iron  grains,  sometimes  almost 
altogether  lacking  them ;  it  is  generally  very  hard.  At  Bradford 
Abbas  it  is  about  1  foot  thick,  but  on  Gorton  Down  from  3  to  4 
feet. 

Above  this  comes  the  zone  of  Barpoceras  Soiverbyi.  This  bed  is 
sometimes  light  yellow  with  iron  grains,  sometimes  dark  blue  with 
similar  grains,  the  light  yellow  being  soft  and  the  dark  blue  hard. 
Its  range  is  about  3  feet  at  Bradford  Abbas ;  and  at  Halfway  House, 
&c.  it  is  about  the  same  thickness. 

Above  this  comes  the  zone  of  Stephanoceras  Bumphriesianum, 
which  is  almost  entirely,  if  not  quite,  absent  at  Bradford  Abbas. 
At  Oborne,  however,,  its  thickness  is  about  5  feet,  while  at  Louse- 
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Hill  and  Wyke  quarries  this  zone  is  only  represented  by  two  thin 
layers  very  much  charged  with  iron,  the  two  being  only  about 
6  inches  thick,  but  containing  nearly  all  the  species  that  one  finds  at 
Oborne  in  the  IlumpJiriesianum-zone. 

Above  this  conies  the  zone  of  Cosmoceras  ParJcinsoni,  which  varies 
very  much  in  different  positions.  Near  Sherborne  it  is  about  15  to 
20  feet  thick,  but  very  unfossiliferous.  At  Bradford  Abbas  it  is 
about  6  feet  thick,  the  upper  part  having  probably  been  washed 
away  ;  it  is  rather  unfossiliferous.  At  Clifton  Maybank,  however, 
about  2  miles  from  Bradford  Abbas,  a  small  opening  in  this  zone 
was  made ;  and  it  was  found  highly  fossiliferous,  while  at  Broad 
Windsor,  and  near  Bridport,  it  contains  a  large  number  of  species  and 
specimens. 

I  here  give  sections  of  three  quarries — one  at  Oborne,  the  other 
at  Wyke,  and  the  third  at  Bradford  Abbas — to  show  the  different 
beds  clearly. 

Fig.  1. — Section  at  Oborne,  near  Sherborne. 

Zone  of  Ammonites  Tarkin- soni. 

Zone  of  StepJianoceras  Hum-  - 
phriesianum. 

Bed  with  Sphceroceras  Sauzei &c. 

Probably  zone  of  Harpoceras  ■> Sowerbyi. 

Bed  with  Bhynehonella  rin- 
gens. 

Unseen. 

Light-coloured  stone,  2  feet. 

Soft  sandy  stone,  2  feet. 

Harder  stone,  iron  grains,  3  feet. 

White  marl,  with  green  grains, 
6  inches. 

Hard  blue  and  yellow  stone,  about 
2  feet. 

!  Soft  yellow  sandstone. 
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Pig.  2. — Section  at  WyJce  Quarry. 

Zone  of  Cosmoceras  Parkin- soni. 

Zone  of  Stephanoceras  Hum- vhriesianum. 

Zone  of  Harpoceras  Soicerbyi.  . 

Zone  of  Harpoceras  Murchi-  ■> 

Whitish  stone,  perhaps  20  feet, 
extending  up  the  hill. 

Dark  red  stone,  filled  with  iron 
&c,  7  inches. 

Bluish  stone,  sometimes  yellow, 
with  plenty  of  iron  grains, 
3  feet  10  inches. 

Lighter  yellow  stone,  2  feet. 

Lower  part  hidden. 

Bed  No.  2  contains  stephanoceras  Humphriesianum,  S.  Blagdeni,  8.  Braiken- 
ridgii,  Cosmoceras  Garantianurn,  and  many  others  peculiar  to  the  zone  of 
Steph.  Humphriesianum  at  Oborne. 

*#*  Bed  with  Bhynchonella  ringens,  Herault. 
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Zone  of  Cosmoceras  ParTcin- soni. 

Perhaps  representative  of  S.-  \ Humphriesiaaicm  zone.  K 

Zone  of  Harpoceras  Soicerbyi. 

Zone  of  Harpoceras  Murchi-  -\ ftonm. 

Yellow  sands. 

White  oolite,  6  feet  6  inches. 

!Marl  bed,  3  inches. 
Bluish  stone,  6  inches. 
Irony  stone,  6  inches. 

Yellow  stone,  2  feet. 

Paving  bed,  1  foot. 

Hard  blue  stone,  1  foot  2  inches. 

Bed  jNo.  4  is  perhaps  the  representative  of  the  Sphcsroceras-Sauzei  bed  at  Oborne. 
Bed  No.  2  contains  Terebratula  Morieri  and  Bhynchonella  parvula. 

The  zone  of  Harpoceras  Murchisonce  in  this  district  contains  :- 

Harpoceras  Murchisonae  (Sow.). 
 ,  var.  bradfordiense,  S.  S. 

BucJcm. 
Ehynchonella  subtetraedra,  Dav. 

 subdecorata,  Dav.,  young. 

Ehynchonella  subangulata,  Dav. 
Terebratula  perovalis,  Sovj. 
Waldheimia  anghca  ( OppeT). 
Terebratula  Etheridgii,  Dav. 

 simplex,  BucJcm. 

The  zone  of  Harpoceras  Soiverbyi  contains 

Harpoceras  Sowerbyi  (Miller). 
 adicrum  (Waagen). 
 Levesquei  (cTOrb.). 
 fissilobatum  (Waagen). 
 cornu,  S.  S.  BucJcm. 

Lytoceras  confusum,  S.  S.  BucJcm. 
Amaltheus  subspinatus.  S.  S.  BucJcm. 
Astarte  excavata,  Sow. 
-        elegans,  Sovj. 
Terebratvda  Eudesii,  Oppel. 

The  Sjp7uproceras-Sau~ei  bed  at  Oborne  contains  :- 

Sphaeroceras  Sauzei  (d'Orb.). Stephanoceras  polyraerum  (Waagen). 
Spheeroceras  meniscum  ( Waagen)  ? 
Harpoceras  Sowerbyi  (Miller),  var. 
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The  zone  of  Stephanoceras  Humphriesianum  contains  :- 
Stephanoceras  Humphriesianum  (Sow.). 
Harpoceras  cycloides  (cV  Orb.). 
Cosmoceras  subfurcatum  (Schloth.). 

 Grarantianum  (d'Orb.). 
Haploceras  oolithicum  (cV  Orb.). 
Harpoceras  Edwardianum  (d'Orb.). 
Lytoceras  Eudesianuin  (d'Orb.). 
Stephanoceras  Blagdeni  (Sow.). 
Stephanoceras  Braikenridgii  (Sow.). 

 linguiferum  (d'Orb.). 
Sphseroceras  Brongniarti  (Sow.). 

 Gervillii  (Sow.). 

Stephanoceras  Deslongschampsii 
(Defrance). 

Cosmoceras  Caumontii  (d'Orb.). 
Sphseroceras  Wrightii,  5.  S.  Buckm. 
Oppelia  subcostata,  J.  BucJcman. 
Ammonites  cadomensis,  Defrance. 
Perisphinctes  Davidsoni,  S.  S.  Buckm. 
Terebratula  spharoidalis,  Sow., 

abundant. 
Astarte  obliqua,  Desk. 
Rhynchonella  senticosa,  von  Buck. 
Terebratula  Buckmani,  Dav. 

This  Humphriesianum  zone  is  the  "  Fossil  Bed  "  in  quarries  round 
Sherborne,  where  it  is  so  well  developed.  It  has  been  put  down 

as  the  equivalent  of  the  Soiverbyi  zone  or  "  Fossil  Bed  "  (misleading 
term)  of  Bradford  Abbas  and  neighbourhood  under  the  name  of 

"  the  Cephalopoda  bed  of  the  Inferior  Oolite  ;"  and  the  extraordinary 
difference  in  the  species  has  been  attributed  to  the  difference  in  the 
locality. 

The  fact  is  that  the  Humphriesianum  zone  is  almost  absent 
at  Bradford  Abbas,  but  is  represented  near  Halfway  House  by  a 
thin  band  of  ironstone,  about  6  inches  in  thickness,  which  overlies 
the  Soiverbyi  zone,  and  which  contains  a  list  of  species  which  agrees 
with  those  from  the  Humphriesianum  zone  at  Sherborne  ;  while  the 
Soiverbyi  zone  at  Sherborne  is  often  not  quarried,  and  therefore  has 
escaped  notice,  as  it  was  supposed  the  quarrymen  had  reached 
the  sands,  as  they  do  at  Bradford  Abbas.  The  term  "  fossil 
bed,"  too,  was  probably  answerable  for  part  of  the  confusion,  and 
shows  the  necessity  for  calling  beds  by  the  name  of  some  character- 

istic fossil,  and  not  by  some  local  appellation  which  may  often  denote 
beds  at  entirely  different  horizons. 

The  zone  of  Cosmoceras  ParJcinsoni  contains  : — 
•)• Cosmoceras  Parkinsoni 

 Grarantianum  (d'Orb.). 
Oppelia  Truellii  (d'Orb.).  subradiata  (Sow.). 
Sphseroceras  polymorphum  (d'Orb.). 

 dimorphum  (d'Orb.). 
Perisphinctes  Martinsii  (d'Orb.). 

Stephanoceras  zigzag  (d'Orb.). Terebratula  Phillipsi,  Morris. 
 sphasroidalis,  Sow. 
 Stephani,  Dav. 

Rhynchonella  spinosa  (Schloth.). 
Terebratula  globata,  Sow.,  variety? 

Besides  the  Ammonites  here  mentioned  from  these  four  zones,  I 
have  separated  about  50  more  species,  which,  so  far  as  I  am  aware, 
have  not  yet  been  described.  These  rocks  are  also  well  stocked 
with  Gasteropoda,  of  which  there  are  about  150  different  species  ; 
and  Lamellibranchiata  are  very  abundant ;  of  Brachiopoda  we  have 
about  40  species  made  out. 

It  may  be  as  well  before  describing  the  species  to  explain  a  few 
terms  made  use  of  in  these  descriptions. 

The  Inner  portion  of  ivhorl  is  that  which  is  nearest  to  the  centre 
of  the  Ammonite,  otherwise  called  the  dorsal  part. 
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Outer  portion  is  the  opposite,  otherwise  called  the  ventral  area. 
Shoulder  is  where  the  inner  portion  of  the  whorl  meets  the  pre- 

ceding whorl,  and  is  an  important  point  in  the  diagnosis  of  Ammo- 
nites ;  some  shoulders  are  square,  as  in  Harpoceras  Tessonianum 

some  concave,  see  Harp.  Murchisonce ;  some  convex,  some  merely 
sloping,  <fcc. 

Termination  or  mouth-border,  i.  e.  the  completion  of  the  body- 
chamber. 

The  termination  is  variously  shaped  :  some  have  a  plain  semi- 
lunar band,  as  Stephanoceras  Humphriesianum ;  others,  ears  of 

various  shapes,  set  up  either  nearly  altogether  on  the  ventral  area, 
as  in/Steph.  Braikenridgii,  or  on  the  sides  and  projecting  straight,  as 

in  Sphceroceras  Sauzei  (d'Orb.)  ;  others  have  a  termination  like  an  S, 
as  Harpoceras  concavum;  this  is  called  the  double  bend;  others 
have  this  double  bend  with  a  horn  projecting  from  the  middle 
others  have  a  single  bend,  like  Amaltheus  spinatus  (Bruguiere). 

In  the  following  Tables  I  have  roughly  classified  the  Ammonite 
according  to  their  variously  shaped  terminations  : — 

1.  Semilunar  termination. 

Stephanoceras  Huniphriesiantirn(  Sow.). 
Cosmoceras  Grarantianum  (d'Orb.). 
Stephan.  polymer  um  (Waagen). 

Stephanoceras  Deslongschainpsii  (De- 
fiance). Perisphinctes  Davidsoni,  S.  S.  Buckm. 

2.  Semilunar  termination,  with  a  deep  furrow  first,  and,  sometimes, 
a  raised  lip. 
Sphseroceras  Gervillii  (Sow.). 

 Brongniarti  (Sow.). 
 Wrightii,  S.  S.  Buckm. 

Sphseroceras  Mansellii,  J.  Buckm. 
 diinorphum  (d Orb.). 

3.  Spathulate  ears,  projecting  from  a  little  on  each  side  of  the 
ventral  area. 

Stephanoceras  Braikenridgii  (Sow.),    j   Perisphinctes  Martinsii  (D'Orb.).  Blagdeni  (Sow.). 

4.  Ears  like  No.  3,  but  projecting  from  the  side. 

Sphseroceras  Sauzei  (d'Orb.).  |    Stephanoceras  linguiferuni  (d'Orb.). 

5.  Termination,  double  bend  without  any  horn. 

Harpoceras  concavum  (Sow.).  j    Harpoceras  cycloides  (d'Orb.). Murchisonae,  var.  bradfordiense, 
S.  S.  Buckm. 
—  Moorei  (Lye). 

adicrum  ( Waagen). 

Haploceras  oolithicum  (d'Orb.). 

6.  Termination,  double  bend  ivith  horn. 

Oppelia  subradiata  (Sow.). Harpoceras  cornu,  S.  S.  Buckm. 
Cosmoceras  Parkinsoni  (Sow.)*. 
Harpoceras  Edwardianum  (d'Orb.) 

Harpoceras  Levesquei  (d'Orb.). 

*  I  have  placed  it  here  on  the  authority  of  d'Orbigny's  figures,  my  own  spe- cimen not  showing  the  termination  exactly  enough. 
Q.  J.G.S.  No.  148.  2r 
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7.  Termination  like  'No.  6,  but  not  produced  on  ventral  area. 
Cosmoceras  subfurcatum  (Schloth.).     \    Oosmoceras  Caumoutii  (cPOrb.). 

8.  Termination,  a  spathulate  ear  each  side,  and  one  on  the  ventral 
area. 

Ammonites  cadomensis,  Defrance. 

9.  Termination,  a  plain  single  bend,  more  or  less  produced  on 
ventral  area. 

Amaltheus  spmatus  (Eruguiere)  in  the  Lias. 
Inf.  Oolite.  Amaltheus  subspinatus,  S.  S.  Buchn. 

Lytoceras  confusum,  S.  S.  Buckm. 

We  will  now  proceed  to  give  a  short  notice  of  the  various  species 
of  Ammonites  recognized  in  this  district. 

STEPHANOCERAS  HlJMPHRIESIANUM  (Sow.). 

1825.  Ammonites  Humphriesianus,  Sow.  Min.  Conch,  pi.  500, 
middle  figure. 

1830.  A.  Humphriesianus  (Sow.),  Zieten,  Petref.  pi.  67.  fig.  2. 

1845.  A.  Humphriesianus  (Sow.),  d'Orb.  Pal.  Franc.  Terr.  Jurass. 
pis.  133, 134,  135.  figs.  1,  2. 

1849.  A.  Humphriesianus  (Sow.),  Quenstedt,  Ceph.  tab.  14. 
figs.  7,  11 ;  Quenstedt,  Jura,  pi.  54.  figs.  2,  3,  4. 

1849.  A.  coronatus  oolithicus,  Quenstedt,  Ceph.  tab.  14.  fig.  4. 
1856.  A.  Humphriesianus  (Sow.),  Oppel,  Juraformation,  p.  376, 

no.  40. 
1856.  A.  subcoronatus,  Oppel,  Juraformation,  p.  376,  no.  39. 
1856.  A.  Bayleanus,  Oppel,  Juraformation,  p.  377,  no.  43. 
1854.  A.  Humphriesianus  (Sow.),  Morris,  Catalogue,  p.  292. 
1878.  Stephanoceras  Humphriesi  (Sow.),  Bayle,  Explic.  de  la 

Carte  Geol.  de  la  France,  vol.  iv.  pi.  51,  figs.  2,  3. 
1881.  A.  Humphriesianus  (Sow.),  J.  Buckman,  Quart.  Journal 

Geol.  Soc.  vol.  xxxvii.  p.  65,  fig.  6. 

Bayle  in  '  Explication  de  la  Carte  Geologique  de  la  France,'  vol. 
iv.  plate  51.  figs.  2,  3,  shows  what  I  take  to  be  a  rather  peculiar 
variety  of  Stephcuioceras  Humphriesianum. 

Localities.  Oborne,  and  near  Sherborne,  Burton  Bradstock,  and 
other  places  :  rather  common. 

Quenstedt,  under  the  name  of  Amm.  coronatus  oolithicus,  figured  the 
young  form  of  the  thick  variety  of  this  species,  which  Oppel  also 
mentioned  by  the  name  of  subcoronatus.  Oppel  also  separated  the 
thin  form,  under  the  name  of  Bayleanus,  observing  that  it  occurred 
lower  than  Humphriesianus  proper.  My  own  observations,  however, 
do  not  agree  with  this,  as  I  have  found  both  the  thin  and  thick 
varieties  together ;  and  Mr.  D.  Stephens  assures  me  that  they  both 
occur  together  at  Milborne  Wick,  the  thin  variety  being  the  com- 

moner. I  have,  however,  seen  the  necessity  for  distinction,  and 

have  kept  Oppel's  names  for  the  varieties,  the  thick  variety  being 
Steplian.  Humphriesianum,  var.  subcoronatum  (Oppel),  and  the  thin 
JStephan.  Humphriesianum,  var.  Bayleanum  (Oppel). 
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Stephanoceras  Deslongschampsii  (Defrance). 

1845.  Ammonites  Deslongschampsii  (Defr.),  d'Orb.  Terr.  Jurass. 
pi.  138.  figs.  1,  2. 

1856.  A.  Deslongschampsii  (Defr.),  Oppel,  Juraform.  p.  378, 
no.  44. 

1880.  Stephanoceras  Deslongschampsii  (Defr ,),  Wright,  Lias  Amm . 
PalEeont.  Soc.  1880,  p.  224,  fig.  116. 

Locality.  Humphriesianum  zone,  Oborne :  very  rare. 
The  termination  of  this  species  is  a  fine  semilunar  border.  One 

beautiful  specimen  showing  this  was  obtained  from  Oborne  by  E. 
Cleminshaw,  Esq.,  E.G.S. 

Stephanoceras  Blagdeni  (Sow.). 

1818.  Ammonites  Blagdeni,  Sow.  Min.  Conch,  pi.  201. 
1818.  A.  Banksii  (Sow.),  Min.  Conch,  pi.  200. 
1830.  A.  coronatus  (Schloth.),  Zieten,  Yerstein.  Wiirttemb.  tab.  i. 

fig.  1. 

1845.  A.  Blagdeni  (Sow.),  d'Orb.  Terr.  Jurass.  tab.  132. 
?  A.  coronatus,  Quenstedt,  Der  Jura,  tab.  51.  fig.  1. 

1849.  ?  A.  coronatus,  Quenstedt,  Ceph.  tab.  14.  fig.  1. 
1854.  A.  Blagdeni  (Sow.),  Morris,  Catalogue,  p.  290. 

A.  Blagdeni  (Sow.),  Morris  and  Lycett,  Great  Ool.  Moll, 
tab.  14.  fig.  3. 

1856.  A.  Blagdeni  (Sow.),  Oppel,  Juraformation,  p.  374,  no.  38. 
1880.  Stephanoceras  Blagdeni  (Sow.),  Wright,  Lias  Ammonites, 

Palseont.  Soc.  1880,  p.  251,  figs.  157,  158. 
Localities.  This  species  occurs  in  the  Humphriesianum  zone  of 

Oborne,  Sherborne,  &c. 
Stephan.  (Ammonites)  Banksii  (Sow.)  is  merely  a  very  large 

variety  of  this  species. 

Stephanoceras  Braikenridgii  (Sow.). 

1818.  Ammonites  Braikenridgii,  Sow.  Min.  Conch  pi.  184. 

1845.  A.  Braikenridgii  (Sow.),  d'Orb.  Terr.  Jurass.  pi.  135. 
figs.  3-5. 

A.  Braikenridgii  (Sow.),  Quenstedt,  Der  Jura,  tab.  54.  fig.  5. 
A.  Braikenridgii  (Sow.).  ?  Morr.  &  Lyc.  Great  Ool.  Moll.  pi.  14. 

fig.l. 
1854.  A.  Braikenridgii  (Sow.),  Morris,  Catalogue,  p.  290. 
1856.  A.  Braikenridgii  (Sow.),  Oppel,  Juraformation,  p.  377, 

no.  42. 

1880.  Stephanoceras  Braikenridgii  (Sow.),  Wright,  Lias  Ammo- 
nites, Palgeont.  Soc.  p.  251,  figs.  159,  160. 

1881.  A.  Braikenridgii  (Sow.),  J.  Buckman,  Quart.  Journ.  Geol. 
Soc.  vol.  xxxvii.  p.  62,  fig.  3. 

Localities.  Humphriesianum  zone  at  Oborne,  and  other  quarries 
near  Sherborne. 

The  termination  of  this  species  is  a  fine  ear  on  each  side,  as  is 

well  shown  in  d'Orbigny.    The  length  of  ears  varies  very  much ; 2r2 
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and  I  have  some  specimens  which  very  much  resemble  Steph. 
Humphriesianum,  var.  subcoronatum  (Oppel),  both  in  the  number  of 
ribs  and  in  other  respects,  but  have  short  ears. 

Steps:  anoceeas  lingtjifeeum  (d'Orb.). 
1845.  Ammonites  linguiferus,  d'Orb.  Terr.  Jurass.  pi.  136. 
1856.  A.  linguiferus  (d'Orb.),  Oppel,  Juraform.  p.  376,  no.  40. 
Locality.  Zone  of  Stephan.  Humphriesianum  at  Oborne :  very 

rare. 
I  possess  one  specimen  with  the  termination ;  it  has  a  small  plain 

ear  projecting  from  the  side. 

Stephanoceeas  zigzag  (d'Orb.). 

1845.  Ammonites  zigzag,  d'Orb.  Pal.  Franc,  pi.  129.  figs.  9, 
10,  11. 

1856.  A.  zigzag  (d'Orb.),  Oppel,  Juraformation,  p.  378,  no.  45. 
Of  this  species  there  are  two  forms,  a  thick  and  a  thin  one.  They 

are  found,  however,  in  the  same  bed  in  the  same  localities,  and  are 
similar  in  all  other  respects. 

The  thick  primary  ribs,  so  conspicuous  in  the  small  specimens, 
gradually  disappear  as  the  fossil  becomes  larger,  and  give  place  to 
small  rounded  primary  ribs,  which  come  much  closer  together,  some- 

times dividing  into  secondary  ribs,  and  sometimes  passing  straight 
round  the  ventral  area  without  dividing  at  all. 

Localities.  Parkinsoni  zone  at  Broad  Windsor,  Crewkerne  Sta- 
tion, &c. 

I  have  no  specimen  with  the  termination  ;  but  the  body-chamber 
is  very  long,  as  I  possess  one  specimen  with  a  body-chamber  nearly 
one  whole  whorl  in  length,,  and  yet  it  does  not  show  even  a  sign 
of  the  termination. 

Stephanoceeas  polymeetjm  (Waagen). 
1867.  Ammonites  polymerus,  Waagen,  Geogn.  Pal.  Beitrage, 

p.  (99)  605. 
1845.  A.  Brongniarti,  d'Orb.  (non  Sowerby),  Terr.  Jurass.  pi.  137. 

figs.  1,  2. 
1881.  A.  Brongniarti,  J.  Buckman  (non  Sowerby),  Quart.  Journ. 

Geol.  Soc.  vol.  xxxvii.  p.  64,  fig.  5. 
Locality.  This  species  occurs  at  Oborne,  in  a  whitish  sort  of 

marl,  with  Sphceroeeras  Sauzei. 
In  the  young  state  it  very  much  resembles  the  thin  form  of 

Stephan.  Humphriesianum ;  but  when  adult  it  is  far  more  like  a 
Sphceroeeras. 

Sph^eoceeas  Sauzei  (d'Orb.). 
1845.  Ammonites  Sauzei,  d'Orb.  Terr.  Jurass.  tab.  149. 
1856.  A.  Sauzei  (d'Orb.),  Oppel,  Juraformation,  p.  375,  no.  37. 
1867.  A.  Sauzei  (d'Orb.),  Waagen,  Geogn.  Palaont.  Beitrage, 

p.  (100)  606. 
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1878.  Sphceroceras  contraction,  Bayle  (non /Sowerby),  Explication 
de  la  Carte  Geol.  de  la  France,  vol.  iv.  pi.  53.  figs.  1,  2. 

1881.  A.  Sauzei  (d'Orb.),  J.  Buckman,  Quart.  Journ.  Geol.  Soc. 
vol.  xxxvii.  p.  62,  no.  6. 

Localities.  Marly  bed  below  the  zone  of  Stephan.  Humphriesianum 
at  Oborne  and  near  Sherborne :  rather  scarce. 

Sphceroceras  Brongniarti  (Sow.). 
1817.  Ammonites  Brongniarti,  Sow.  Min.  Conch,  tab.  184  a.  fig.  2. 

1845.  A.  Gervillii,  d'Orb.  (non  Sow.),  Terr.  Jurass.  pi.  140.  figs.  3-8 
(non  1,  2,  non  Sowerby). 

1849.  A.  Brongniarti  (Sow.),  Quenstedt,  Ceph.  tab.  15.  fig.  9. 
1856.  A.  Brongniarti  (Sow.),  Oppel,  Juraform.  p.  375,  no.  35. 
1867.  A.  Brongniarti  (Sow.),  Waagen,  Geogn.  Pal.  Beitrage, 

p.  (96)  602. 
1878.  Sphceroceras  Brongniarti  (Sow.),  Bayle,  Explic.  de  la  Carte 

Geologique  de  la  France,  pi.  53.  figs.  3,  4,  5. 
Localities.  Humphriesianum  zone  at  Oborne,  near  Sherborne,  &c. 

Bather  common. 
The  species  that  I  have  placed  under  this  name  is  the  one  figured 

by  Sowerby  with  the  closed  umbilicus ;  and  the  other  I  have  called 
Sphcer.  Gervillii.  I  do  this  because  most  authorities  have  so  taken  it ; 

d'Orbigny,  however,  transposed  them,  whether  rightly  or  not  I  am 
unable  to  say  without  seeing  Sowerby's  original  specimens.  There 
seems  to  have  been  some  misprint  or  confusion  with  regard  to  them 

in  Sowerby's  work. 
Sphceroceras  Gervillii  (Sow.). 

1817.  Ammonites  Gervillr.,  Sow.  Min.  Conch,  pi.  184  a.  fig.  3. 
1849.  A.  Gervillii  (Sow.),  Quenstedt,  Ceph.  tab.  15.  fig.  11. 
1856.  A.  Gervillii  (Sow.),  Oppel,  Juraform.  p.  375,  no.  36. 
1867.  A.  Gervillii  (Sow.),  Waagen,  Geogn.  Palaont.  Beitrage, 

p.  (99)  605. 
1878.  Sphceroceras  Gervillii  (Sow.),  Bayle,  Explic.  de  la  Carte 

geologique  de  la  France,  pi.  53.  figs.  6,  7. 
1881.  A.  Gervillii  (Sow.),  J.  Buckman,  Quart.  Journ.  Geol.  Soc. 

vol.  xxxvii.  p.  63,  fig.  4. 
Localities a  Humphriesianum  zone  at  Oborne,  near  Sherborne,  &c. 

Not  so  common  as  Sphcer.  Brongniarti. 

Sphceroceras  meniscus  (Waagen)  ? 

1867.  Ammonites  meniscus,  "Waagen,  Geogn.  Palaont.  Beitrage, 
p.  (96)  602. 

1875.  A.  Gervillii,  d'Orb.  pars  (non  Sowerby),  pi.  140.  figs.  1,  2. 
Mr.  E.  Cleminshaw  found  one  specimen  at  Oborne  in  the  Sauzei 

bed,  which  I  have  referred  to  this  species. 

Sphceroceras  Mansellli  (J.  Buckman). 
1881.  Ammonites  Mansellii,  J.  Buckman,  Quart.  Journ.  Geol. 

Soc.  vol.  xxxvii.  p.  64,  no.  18. 
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This  species,  when  young,  is  extremely  like  Splicer.  Brongniarti 
(Sow.),  plate  184  a.  fig.  2,  but  when  larger  is  easily  distinguished 
by  its  very  fine  and  numerous  bifurcating  ribs  and  its  very  square 
ventral  area,  especially  just  by  the  termination,  and  its  far  greater 
breadth.  It  also  attains  a  larger  size  than  Splicer.  Brongniarti.  The 
termination  is  also  peculiar — first  a  small  lip,  then  a  deep  furrow, 
then  another  lip  and  band. 

This  species  was  named  but  not  figured  by  Mr.  J.  Buckman  in 
his  paper  read  before  the  Geological  Society. 

Dimensions.  Diameter  1*75  inch;  umbilicus  0*33;  aperture 
across  1*20  ;  aperture  back  to  front  0*45. 

Locality.  Clatcombe,  near  Sherborne.  Two  fine  specimens  were 
obtained  from  this  place  by  T.  C.  Maggs,  Esq.  I  do  not  know  of 
any  other  specimens. 

Sph^koceras  polymorphtjm  (d'Orb.). 

1845.  Ammonites  polymorphus,  d'Orb.  Terr.  Jurass.  pi.  124.  figs. 
1,2,  3,  4,  5?  6? 

1849.  A.  ParJcinsoni  inflatus,  Quenstedt,  Ceph.  Tab.  ii.  figs. 
6  and  7. 

1854.  A.  polymorplius  (d'Orb.),  Morris,  Catalogue,  p.  294. 
1856.  A.  polymorphic  (d'Orb,),  Oppel,  Juraform.  p.  382. 
"We  have  undoubtedly  found  in  this  neighbourhood  specimens 

which  exactly  correspond  with  those  figured  by  d'Orbigny,  4  Ter- 
rains Jurassiques,'  pi.  124.  figs.  1,  2,  3,  4 ;  but  we  have  not  found 

any  to  correspond  with  figs.  5  and  6  ;  and  I  have  my  doubts  about 
figs.  5  and  6  really  being  the  adult  form  of  the  others.  Oppel,  too, 

in  quoting  A.  polymorplius,  d'Orb.,  leaves  out  nos.  5  and  6  (see 
Oppel,  4  Juraformation,'  p.  382,  no.  54). 

Localities.  Zone  of  Cosmoceras  ParJcinsoni  at  Broad  Windsor,  Bur- 
ton Bradstock,  and  other  places. 

Sph^roceras  dimorphum  (d'Orb.). 

1845.  Ammonites  dimorphus,  d'Orb.  Terr.  Jurass.  pi.  141. 
1854.  A.  dimorphus  (d'Orb.),  Morris,  Catalogue,  p.  291. 
This  species  varies  somewhat  in  the  width  of  its  umbilicus.  Some 

specimens  have  the  umbilicus  nearly  closed,  while  others  of  the  same 
size  have  the  umbilicus  much  larger,  so  that  a  portion  of  the 
inner  whorls  can  be  seen. 

In  the  adult  form  the  umbilicus  widens  rather  quickly,  as  is 

well  shown  by  d'Orbigny,  pi.  141.  fig.  1. 
The  variety  represented  by  d'Orbigny  (pi.  141.  figs.  3  and  4) 

has,  so  far  as  I  know,  not  yet  been  obtained  from  this  district. 
I  possess  only  one  specimen  with  the  termination.  It  is  a 

form  with  a  rather  wide  umbilicus.  The  termination  is  merely 
a  small  furrow  and  a  semilunar  lip  beyond.  The  specimen  came 
from  Bradford  Abbas. 

Localities.  Zone  of  Cosmoceras  ParJcinsoni  at  Halfway  House, 
Broad  Windsor,  Stoford,  and  other  places. 
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Spbueroceras  Wrightii,  S.  S.  Buckman,  n.  sp. 

1849.  Ammonites  microstoma,  Quenstedt  (non  d'Orbigny),  Cepha- 
lopoda, tab.  15.  fig.  6. 

Localities.  Humphriesianum  zone,  Oborne,  and  near  Sherborne : 
common. 

This  species  was  figured  by  Quenstedt  under  the  name  of  A.  mi- 
crostoma ;  but  it  does  not  at  all  agree  with  the  figure  of  A.  micro- 

stoma given  by  d'Orbigny  (who  named  it)  in  '  Terr.  Jurassiques.' 
Dimensions.  Diameter,  adult,  1'59  inch;  umbilicus  0*55  inch; 

umbilicus,  omitting  the  last  chamber,  0*22  inch ;  breadth,  same 
place,  0*85  inch ;  breadth  across  termination  079  inch ;  termina- 

tion, from  back  to  front,  0*50  inch. 
Length  of  body-chamber  very  nearly  one  whole  whorl. 
Named  in  compliment  to  Dr.  Wright,  of  Cheltenham,  who  is  so 

ably  working  at  the  Lias  Ammonites. 

CoSMOCERAS  PaRKINSONI  (Sow.). 
1821.  Ammonites  ParHnsoni,  Sow.  Min.  Conch,  pi.  307. 

1845.  A.  ParHnsoni  (Sow.),  d'Orb.  Ter.  Jurass.  pi.  122,  variety. 
1849.  A.  ParHnsoni  gigas,  Quenstedt,  Ceph.  tab.  ii.  fig.  1  (adult 

form). 
1854.  A.  ParHnsoni  (Sow.),  Morris,  Catalogue,  p.  294. 
1856.  A.  neuffensis,  Oppel,  Juraformation,  p.  378,  no.  48. 
1856.  A.  ParHnsoni  (Sow.),  Oppel,  Juraformation. 
1849.  A.  ParHnsoni  dejoressus,  Quenstedt,  Ceph.  tab.  ii.  fig.  5. 
1878.  ParHnsonia  Parhinsoni  (Sow.),  variety,  Bayle,  Exp.  de  la 

Carte  geol.  de  la  France,  vol.  iv.  pi.  67.  figs.  2,  3. 
1878.  ParHnsonia  neuffensis,  Bayle  ?,  pi.  67.  fig.  1. 
This  species  is  somewhat  variable,  and  has  been  much  misunder- 

stood. The  figures  given  by  d'Orbigny  ('  Terr.  Jurass.'  pi.  122.  figs.  1 
&  2)  are  evidently  of  a  variety  of  Sowerby's  species.  This  same 
variety  is  again  figured  by  Quenstedt  under  the  name  of  A.  Par- 

Hnsoni d&pressus  ;  and  as  such  it  was  quoted  by  Oppel  ('  Juraforma- 
tion ')  as  a  synonym  for  ParHnsoni.  It  was  also  figured  by  Bayle 

under  the  name  of  ParHnsonia  ParHnsoni  (see  synonyms). 
This  variety  differs  from  Sowerby's  type  in  having  far  fewer  ribs,  far 

less  inclusion  (consequently  the  whorls  are  not  so  broad  from  front 
to  back),  and  in  possessing  rather  marked  tubercles. 

To  this  variety  I  give  the  name  of  Cosmoceras  ParHnsoni,  var. 
rarecostatum,  S.  S.  Buckman. 

The  fragment  figured  by  Quenstedt  (Ceph.  tab.  ii.  fig.  1)  under 
the  name  of  Ammonites  ParHnsoni  gig  as  is  merely  the  very  adult 
form  of  the  true  ParHnsoni ;  and  this  adult  form  occurs  at  Half-way 
House  of  very  large  size,  one  specimen  measuring  19  inches  across, 
and  yet  lacking  a  large  portion  of  the  outer  chamber.  This  adult 
form  was  named  by  Oppel  Ammonites  neuffensis,  he  giving  Quen- 
stedt's  figure  as  a  reference.  Bayle  has  also  figured  a  specimen  as 
Am.  neuffensis  ;  but  I  consider  that  his  figure  most  probably  repre- 

sents merely  a  rather  fine-ribbed  variety  of  a  medium-sized  trua 
C.  ParHnsoni. 
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The  true  C.  Parlcinsoni  occurs  in  great  numbers  at  Halfway  House, 
also  at  Bradford  Abbas,  Burton  Bradstock,  and  Sherborne, 

The  variety  rarecostatum,  S.  S.  Buckm.,  occurs  in  the  same  beds 
at  Sherborne,  Bradford  Abbas,  Burton  Bradstock,  Broad  Windsor, 
&c,  but  is  not  so  common. 

Cosmoceras  Parlcinsoni  is  characteristic  of  the  upper  beds  of  the 
Inferior  Oolite.  The  very  adult  forms  lose  all  their  ribs  and  also 
the  division  on  the  ventral  area,  and  are  very  different  from  the 
ordinary  young  form  which  was  figured  by  Sowerby. 

Bayle  has  separated  this  species  from  the  genus  Cosmoceras  under 
the  generic  name  of  Parkinsonia.  I  am  rather  of  opinion  that  it, 

and  also  Cosm.  Caumontii  (d'Orb.),  should  be  so  separated. 
The  termination  of  this  species  is  somewhat  produced  on  the  ven- 

tral area.  I  possess  one  specimen  with  the  termination  on  the  outer 
half  of  the  whorl  well  shown,  but  am  unable  to  say  whether  the 
species  possesses  a  horn  on  the  side,  or  merely  a  plain  double  curve. 
Length  of  body-chamber  -|  of  a  whorl. 

Cosmoceeas  Caumontii  (d'Orb.). 
Ammonites  Caumontii,  d'Orb.  Terr.  Jurass.  pi.  138.  figs.  3,  4. 
Locality.  It  occurs  at  Oborne  in  the  zone  of  Stephan.  Humphriesi- 

anum,  but  is  scarce. 
The  termination  is  merely  a  small,  very  thin,  narrow  ear. 

Cosmoceras  Garantiantjm  (d'Orb.). 
1845.  Ammonites  Garantianns,  d'Orb.  Terr.  Jurass.  pi.  123. 
1849.  A.  Parlcinsoni  clubius,  Quenstedt,  Ceph.  tab.  ii.  fig.  9. 

1854.  A.  Garantianns  (d'Orb.),  Morris,  Catalogue,  p.  292. 
1856.  A.  Garantianns  (d'Orb.),  Oppel,  Juraforroation,  p.  381, no.  53. 

Localities.  Humphriesianum  zone,  and  less  commonly  in  the  lower 
part  of  the  Parlcinsoni  zone,  Oborne,  Louse  Hill,  Wyke :  rather 
common. 

The  termination  is  a  semilunar  band. 

Cosmoceras  stjbetjrcatum  (Schlotheim). 

1830.  Ammonites  subfurcatus  (Schlotheim),  Zieten,  Yerst.  Wiirt- 
temb.  pi.  vii.  fig.  6. 

1845.  A.  niortensis,  d'Orb.  Terr.  Jurass.  pi.  121.  figs.  7-10. 
1849.  A.  Parlcinsoni  bifurcatus,  Quenstedt,  Ceph.  tab.  ii.  fig.  11. 
1856.  A.  subfurcatus  (Zieten),  Oppel,  Juraform.  p.  381,  no.  52. 
Zieten  figures  this  species,  giving  Schlotheim  as  the  authority  for 

the  name. 

Zieten's  figure  shows  a  fossil  with  a  large  number  of  bifurcating 
ribs,  which  is  the  exception  and  not  the  rule,  this  species  usually 

having  very  few  bifurcating  ribs,  as  is  shown  by  d'Orbigny,  who 
figured  it  under  the  name  of  A.  niortensis. 

[There  is  also  a  fossil,  of  which  a  few  specimens  have  occurred 
at  Oborne,  which  is  probably  a  variety  of  this  species.    It  has  very 
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much  the  shape  &c.  of  Cosmoceras  subfurcatum,  and  is  ornamented 
with  four  rows  of  sharp  spines,  just  where  they  occur  in  Cosm. 
subfurcatum ;  but  it  is  entirely  destitute  of  ribs.] 

Locality.  Higher  part  of  the  Humpliri  esianum  zone  at  Oborne. 
The  termination  is  a  spathulate  ear,  slightly  wider  towards  the 

extremity. 
Morris,  in  his  Catalogue,  put  this  species  down  as  a  synonym 

of  Cosmoceras  ParJcinsoni;  but  it  is  quite  distinct  from  it,  espe- 
cially in  its  mode  of  volution.  It  also  occurs  lower,  viz.  in  the 

zone  of  Stejphan.  Humphriesianum, 

Lttoceeas  Etjdesianum  (d'Orb.). 

Ammonites  Eudesianus,  d'Orb.  Terr.  Jurass.  pi.  123. 
A.  Eudesianus  (d'Orb.),  Quenstedt,  Der  Jura,  tab.  54.  fig.  8. 
A.  Eudesianus  (d'Orb.),  Oppel,  Juraformation,  p.  373,  no.  29. 
This  species  was  for  a  long  time  put  down  for  the  Inferior 

Oolite  of  this  district  by  the  name  of  A.  cornucopia},  Young. 
Locality.  It  occurs  in  the  zone  of  StejoJian.  Humpliriesianum  at 

Oborne,  but  is  rare. 

Lttoceeas  torttlosum  (Schubler)  ? 

Ammonites  torulosus  (Schubler),  d'Orb.  Terr.  Jurass.  pi.  102. 
figs.  1,  2. 

I  have  one  fragment  from  the  sands  near  Bridport,  but  am  not 
quite  certain  if  it  belongs  to  this  species. 

Lttoceeas  conftjsum,  S.  S.  Buckman,  n.  sp. 

Syn.  ?  Ammonites  jurensis,  Morris,  Catalogue,  p.  292. 
This  species  approaches  nearly  to  Lytoceras  jurense  (Zieten),  and 

has  been  quoted  from  this  district  under  that  name.  It,  however, 
differs  from  it  in  a  great  number  of  points — namely,  the  shape  of 
the  aperture,  which  is  nearly  trianglar,  in  the  very  square  shoulder, 
in  the  number  of  whorls,  and  the  lobes,  which  are  more  compli- 

cated than  in  L.  jurense  (Zieten).  Inclusion  is  small.  The  test 
is  quite  plain,  but  has  a  few  marked  lines  of  growth  in  the  young 
form,  which  also  has  not  the  peculiar  square  shoulder  much  marked. 

In  occurs  in  the  JSoiverbyi  zone  at  Bradford  Abbas,  Halfway 
House,  Bradford  Abbas  railway-cutting,  &c. 

At  Half-way  House  the  specimens  are  of  an  enormous  size,  one 
measuring  as  much  as  17  inches  in  diameter. 

The  species  is  somewhat  abundant ;  but  small  specimens  are  very 
rare. 

I  have  one  small  specimen,  from  Bradford  Abbas,  with  the  ter- 
mination.   It  is  a  plain  bend  forward  towards  the  ventral  area. 

Dimensions.  Young  form,  diameter  1*25  inch ;  umbilicus  0*43 
inch ;  aperture,  length  0-47  inch,  breadth  0*40  inch  ;  inclusion  about 
0-03  inch. 

Adult  form,  diameter  15*90  inches  ;  umbilicus  7"20  inches  ;  aper- 
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ture,  back  to  front,  4*50  inches,  across  abont  5J  inches,  inclu- 
sion 0-80  inch. 

The  aperture  is,  as  nearly  as  possible,  an  equilateral  triangle 
with  a  small  piece  out,  caused  by  the  inclusion.  The  ventral  area, 
however,  is  a  good  deal  rounded. 

Perisphinctes  ptom^um  (d'Orb.). 
Ammonites  pygmceus,  d'Orb.  Terr.  Jur.  pi.  129.  figs.  12, 13. 
I  have  one  specimen  of  this  species  from  the  neighbourhood. 

Perisphinctes  Martinsii  (d'Orb.). 
1845.  Ammonites  Martinsii,  d'Orb.  Terr.  Jurass.  pi.  125. 
1854.  A.  Martinsii  (d'Orb.),  Morris,  Catalogue,  p.  293. 
1856.  A.  Martinsii  (d'Orb.),  Oppel,  Juraformation,  p.  387. 
Localities.  Zone  of  Cosmoceras  Parhinsoni  at  Halfway  House, 

Bradford  Abbas,  Sherborne,  and  Burton  Bradstock,  but  is  rather 
scarce. 

[At  Oborne,  in  the  Humpliriesiamim  zone,  we  find  a  very  thin  flat 
Ammonite  with  the  furrows  well  marked.  It  is  far  more  involute 
than  Perisphinctes  Martinsii,  the  amount  of  involution  being  nearly 
half  the  preceding  whorl.  It  has  a  semilunar  mouth-border,  which 
projects  well  forward  on  the  ventral  margin. 

It  has  hitherto  been  put  down  as  the  same  as  P.  Martinsii ;  but 
I  feel  certain  that  it  should  be  separated  as  distinct  from  it,  both  on 
account  of  its  stratigraphical  position  and  also  its  lobes  and  other 
features.  I  propose  for  it  the  name  Perisphinctes  Davidsoni,  in  com- 

pliment to  Thos.  Davidson,  Esq.,  F.R.S.] 

I  have  one  specimen  of  Perisph.  Martinsii,  d'Orb.,  with  the  termi- 
nation. It  has  two  long  ears,  the  inner  edges  of  which  project  well 

forward  till  the}'  touch  the  inner  whorl.  This  termination  is  well 
represented  by  d'Orbigny,  Terr.  Jurass.  pi.  125.  fig.  1.  The  termi- 

nation represented  in  fig.  3  may  possibly  have  been  taken  from  a 
specimen  of  Perisph.  Davidsoni,  S.  S.  Buckm. 

Harpoceras  Sowerbyi  (Miller). 
1821.  Ammonites  Sowerbyi  (Miller),  Sow.  Min.  Conch,  tab.  213. 
1821.  A.  Brownii,  Sow.  Min.  Conch,  tab.  263.  figs.  4,  5. 

1845.  A.  Sowerbyi  (Miller),  var.,  d'Orb.  Terr.  Jurass.  pi.  119. 
1849.  A.  Sowerbyi  JMiUeY),  Quenstedt.  Ceph.  p.  374. 
1854.  A.  Soiverbyi  (Miller),  Morris,  Catalogue,  p.  295. 
1867.  A.  Sowerbyi  (Miller),  var.,  Waagen,  Geogn.  Palaont.  Beitriige, 

pi.  27.  fig.  2. 
1856.  A.  Soiverbyi  (Miller),  Oppel,  Juraformation,  p.  369,  no.  20. 

The  figure  given  by  d'Orbigny,  pi.  119,  represents  a  variety  of 
this  species,  and  it  differs  from  it  in  several  points.  Waagen  has 
also  figured,  pi.  27.  fig.  6,  a  peculiar  variety. 

Localities  Sfc.  Harpoceras  Soiverbyi  is  a  scarce  fossil,  the  species 
which  has  been  put  down  by  that  name  as  occurring  in  this  district 
being  really  Harp,  adicrum  (Waagen).  The  chief  characteristics  of 
Harp.  Sowerbyi  are  a  very  large  keel,  and  sides  which  slope  in  gra- 



THE  INFERIOR  OOLITE  OP  DORSET. 603 

dually  to  join  the  inner  whorl.  It  occurs  at  Sherborne  and  Bradford 
Abbas,  but  is  rare. 

The  variety  figured  by  d'Orbigny  occurs  at  Bradford  Abbas,  but is  also  rare. 

Haepoceras  aeicetjm  (Waagen). 
1867.  Ammonites  adicrus,  Waagen,  Geogn.  Pal.  Beitrage,  pi.  25. 

fig.  7. 

Localities.  Zone  of  Harpoceras  Sowerbyi  at  Bradford  Abbas,  Half- 
way House,  Louse  Hill,  and  many  other  places ;  rather  abundant. 

This  species  often  attains  a  very  large  size. 
Dr.  Waagen  has  very  properly  separated  this  species  from  Harpo- 

ceras Sowerbyi  (Miller).  It  is  sometimes  rather  difficult  to  separate 
it  from  some  of  the  varieties  of  that  species ;  but  it  is  really  distinct 
in  possessing  a  small  rounded  keel,  as  opposed  to  the  large  sharp 
one  of  Harp.  Sowerbyi,  also  a  larger  umbilicus  and  large  distinct  ribs, 
when  adult,  at  a  time  when  Harp.  Sowerbyi  is  smooth. 

Harpoceras  pissilobatum  (Waagen). 

Ammonites  fissilobatus,  "Waagen,  Geogn.  Pal.  Beitrage,  pi.  27. fig.  1. 
Locality.  This  species  occurs  at  Sandford-Lane  quarry  near  Sher- 

borne. I  believe  it  is  in  the  zone  of  Harpoceras  Sowerbyi ;  but  I 
have  never  seen  this  quarry  worked.    It  is  a  common  fossil  there. 

Harpoceras  concavtjm  (Sow.). 
1812.  Ammonites  concavus,  Sow.  Min.  Conch,  pi.  94.  fig.  2. 
1881.  A.  concavus  (Sow.),  J.  Buckman,  "  Terminations  of  Ammo- 

nites," Quart.  Journ.  Geol.  Soc.  vol.  xxxvii.  p.  60,  fig.  1. 
Localities.  This  species  is  common  in  the  Sowerbyi  zone  at  Brad- 

ford Abbas,  Halfway  House,  Sherborne,  &c. 
The  termination  is  a  curve  like  an  S ;  that  is,  it  rises  from  the 

inner  whorl,  curving  forward,  then  rounded  and  curving  back,  and 
then  produced  on  the  ventral  area.  It  has  no  horn,  as  was  sup- 

posed when  it  was  figured  in  the  Geological  Journal.  The  species 

that  d'Orbigny  has  figured  by  this  name  (Terr.  Jurass.  pi.  116) 
does  not  seem  to  me  at  all  to  agree  with  Sowerby's  figure. 
Harpoceras  MiJRCHisoNiE  (Sow.). 

1829.  Ammonites  Murchisonce,  Sow.  Min.  Conch,  tab.  550. 
1825.  A.  corrugatus,  Sow.?  Min.  Conch,  tab.  451.  fig.  3. 
1830.  A.  Murchisonce  (Sow.),  Zieten,  Verstein.  Wiirttemb.  tab.  vi. 

1845.  A.  Murchisonce  (Sow.)?,  d'Orb.  Terr.  Jurass.  pi.  120.  figs.  1, 
2,  3,  var.  ? 

1854.  A.  Murchisonce  (Sow.),  Morris,  Catalogue,  p.  293. 
1856.  A.  Murchisonce  (Sow.),  Oppel,  p.  368,  no.  18. 
1867.  A.  Murchisonce  (Sow.),  Waagen,  Geogn.  Pal.  Beitrage,  p.  (92) 

598,  §  31. 
1878.  Ludwigia  Murchisonce  (Sow.),  Bayle,  Carte.  Geolog.  de  la 

France,  pi.  85. 
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Localities.  This  species  marks  a  distinct  zone,  which  is  just  on  the 
top  of  the  sands  or  passage-beds.  This  zone  is  about  a  foot  thick  at 
Bradford  Abbas,  but  about  3-4  feet  at  Corton  and  Hawthorn  Downs. 
Harpoceras  Murchisonce  occurs  at  Bradford  Abbas,  Marston  Road, 
Corton  and  Hawthorn  Downs,  and  other  places,  and  also  rather 
plentifully,  but  badly  preserved,  at  Haselbury. 

There  is  a  variety  (?)  which  I  am  inclined  to  think  should  be 
separated  from  Harp.  Murchisonce.  It  has  a  smallish  umbilicus  and 
very  fine  ribs,  and  is  far  thinner.  I  have  given  it  the  name  of 
Harpoceras  MurcJiisonos,  var.  bradfordiense,  S.  S.  B. 

Dimensions  of  a  medium-sized  specimen  of  Harp.  Murchisonce  : — 
Diameter  2*85  inches,  umbilicus  0*96,  breadth  of  aperture  0*70 ; 
outer  whorl,  back  to  front,  1*20  inch. 

Haepoceeas  ctcloides  (d'Orb.). 

1845.  Ammonites  cycloides.  d'Orb.  Pal.  Franc.  Terr.  Jurass.  pi.  121. 
figs.  1-6. 

1856.  A.  cycloides  (d'Orb.),  Oppel,  Juraformation,  p.  370. 
1867.  A.  cycloides  (d'Orb.),  Waagen,  Geogn.  Pal.  Beitriige,  p.  (92) 598. 

Localities.  Humphriesianum  zone  at  Oborne  and  quarries  near 
Sherborne,  somewhat  plentiful;  also  at  Wyke  Quarry,  but  scarce. 

A  variable  species,  some  specimens  being  very  thick,  with  a  small 
umbilicus  and  coarse  ribs,  and  others  thin,  with  larger  umbilicus  and 
smaller  ribs.   The  two  varieties,  however,  merge  one  into  the  other. 

D'Orbigny  has  well  represented  the  two  extreme  forms. 
This  species  was  formerly  quoted  by  the  name  of  Amm.  Cado- 

■  mensis,  on  account  of  the  misprint  underneath  d'Orbigny's  plate. 

Haepoceeas  Levesquei  (d'Orb.)  ? 

Ammonites  Levesquei,  d'Orb.  Terr.  Jurass.  pi.  60  (misprinted 
Solaris,  Phillips). 

I  quote  this  species  with  some  hesitation,  as  our  specimens  seem 
to  have  fewer  whorls  and  somewhat  more  marked  ribs. 

Our  specimens  are  from  the  zone  of  Harpoceras  Sowerbyi  at  Brad- 
ford Abbas,  Halfway  House,  &c.  ;  not  very  common. 

Haepoceeas  Edouaedianum  (d'Orb.)  ? 
1845.  Ammonites  Edouardianus,  d'Orb.  Terr.  Jurass,  pi.  130.  figs. 3-5. 

1856.  A.  Edouardianus  (d'Orb.),  Oppel,  Juraformation,  p.  370. 
1881.  A.  Edouardianus  (d'Orb.),  J.  Buckman,  Quart.  Journ.  Geol. 

Soc.  vol.  xxxvii.  p.  61 ,  no.  3. 

Our  specimens  do  not  seem  to  agree  very  well  with  d'Orbigny's 
figures,  and  are  perhaps  not  the  same.  ThejT  have  a  more  open 
umbilicus  and  far  less  inclusion ;  consequently  the  whorls  are  less 
across. 

Locality.  Humphriesianum  zone  at  Oborne :  scarce. 
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Harpoceras  dispansum  (Lycett). 

My  authority  for  this  name  is  a  specimen  sent  by  Dr.  Lycett, 
labelled  "  Am.  dispansus,  Lye,  Frocester  Hill." 

I  have  one  specimen  from  near  Crewkerne  which  agrees  very  well 
with  it. 

Harpoceras  Moorei  (Lycett). 

Ammonites  Moorei,  Lyc.  Cotteswold  Hills,  pi.  1.  fig.  2. 
A.  Moorei  (Lyc),  J.  Buckman,  Quart.  Journ.  Geol.  Soc.  vol.  xxxvii. 

p.  65,  fig.  7. 
Localities.  Found  in  layers  of  comminuted  shells  in  the  sands  at 

Bradford  Abbas,  Yeovil  Junction,  &c.  :  not  very  common. 
Termination.  A  slight  double  curve  produced  on  the  ventral  area. 

Harpoceras  cornu,  S.  S.  Buckman,  n.  sp. 

Ammonites subradiatus,  J.  Buckman  (non  Sowerby),  "Terminations 
of  Ammonites,"  Quart.  Journ.  Geol.  Soc.  vol.  xxxvii.  p.  61,  fig.  2. 

This  species  is  compressed,  with  strongly  marked  ribs,  which  are 
slightly  reflexed  and  not  so  prominent  close  to  the  termination. 
They  seldom  bifurcate ;  but  now  and  then  a  rib  comes  in  between 
which  is  not  continued  all  across. 

Keel  distinct,  with  very  sloping  sides. 
Aperture  sagittate. 
The  umbilicus  varies  somewhat  in  width ;  it  is,  however,  rather 

wide,  with  strongly  marked  ribs,  showing  also  a  certain  portion  of 
each  whorl. 

Shoulder  concave. 
Termination.  Like  that  of  Harpoceras  concavum  (Sow.);  but  it  has 

a  very  long  horn  on  each  side. 
Difference.  This  species  resembles  Harp,  concavum,  but  is  distinct 

on  account  of  the  horn  which  the  termination  possesses,  and  which  I 
I  have  never  seen  in  that  species.  The  ribs  are  also  far  more 
marked,  and  the  umbilicus  is  far  wider. 

This  species  never  attains  the  same  size  as  H.  concavum ;  but  very 
small  specimens  of  these  two  species  are  hard  to  separate. 

This  species  might  possibly  be  mistaken  for  the  young  of  Harpo- 
ceras Murchisonai  (Sow.) ;  it,  however,  never  attains  the  size  of 

H.  Murchisonce,  is  found  at  a  higher  level,  has  a  more  prominent 
keel,  is  far  thinner  towards  the  keel,  is  more  acute,  and  its  ribs  are 
less  prominent  and  rather  more  rounded. 

Dimensions.  Diameter  2'50  inches,  umbilicus  0*60,  breadth  of 
aperture  0*48,  outer  whorl  from  back  to  front  1*15.  Another  spe- 

cimen measured — diameter  2'70  inches,  umbilicus  0*82,  breadth  of 
aperture  0*50,  outer  whorl  from  back  to  front  1*06,  length  of 
horns  0*65. 

I  have  never  seen  a  specimen  of  this  species  which  exceeded  the 
diameter  of  about  2|  inches. 

Compare  these  measurements  with  those  of  a  medium-sized  Harp, 
Murchisonoe  (Sow.). 
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Remarks.  This  species  was  figured  in  the  '  Quarterly  Journal  of 
the  Geological  Society '  for  February  1881,  under  the  name  of  Am- 

monites subradiatus ;  but  it  is  very  distinct  from,  that  species,  the 
umbilicus  alone  being  sufficient  to  distinguish  it. 

Localities.  It  is  found  in  the  zone  of  Harpoceras  Sowerbyi  at 
Bradford  Abbas,  Halfway  House,  and  many  other  places.  It  is 
tolerably  common. 

Amaltheus  subspinatus,  S.  S.  Buckman,  n.  sp. 

This  species  is  so  peculiar  and  distinct  from  all  others  which  I 
have  met  with  in  the  Inferior  Oolite,  that  I  think  it  worth  while  to 
mention  it  here,  although  it  has  not  been  figured. 

It  is  very  nearly  allied  to  Amaltheus  spinatus  (Bruguiere)  of  the 
Marlstone.  It  possesses  the  peculiar  crenulated  keel,  which  is  dis- 

tinct ;  but  the  crenulations  are  not  very  prominent.  It  has  a  large 
number  of  whorls,  and  very  small  inclusion,  but  does  not  increase  in 
breadth  at  all  rapidly.  It  has  many  fine  angular  ribs,  ornamented 
with  two  spines  on  each  rib,  one  set  being  in  much  the  same  place 
as  those  on  Amaltheus  spinatus,  while  the  other  set  is  on  the  inner 
portion  of  the  whorl. 

Aperture.  Quadrangular. 
Dimensions.  Diameter  3  inches,  umbilicus  1*55,  aperture  from 

back  to  front  0*75,  across  0'67,  inclusion  barely  any. 
Localities.  It  occurs  in  the  Soiverbyi  zone  at  Bradford  Abbas, 

Halfway  House  &c,  but  is  scarce. 

The  termination  is  like  that  represented  by  d'Orbigny(Terr.  Jurass. 
pi.  52.  fig.  1)  for  Amaltheus  spinatus — a  plain  single  bend,  much 
produced  on  the  ventral  area. 

Oppelia  Trtjellii  (d'Orb.). 

1845.  Ammonites  Truellii,  d'Orb.  Terr.  Jurass.  pis.  117,  129. 
figs.  1,  2. 

1849.  A.  Truellii  (d'Orb.),  Quenstedt,  Jura,  tab.  54. 
1854.  A.  Truellii  (d'Orb.),  Morris,  Catalogue,  p.  295. 
1878.  Oppelia  Truellii  (d'Orb.),  Bayle,  Geologie  de  la  France, 

vol.  iv.  pi.  89.  figs.  1,  3,  4  (2?,  5?). 
Occurs  in  the  zone  of  Cosmoceras  ParJcinsoni  at  Halfway  House, 

Wyke  Quarry,  and  Burton  Bradstock. 
The  longitudinal  lines  well  distinguish  this  species.  It  is  also 

ornamented  with  longitudinal  furrows,  which  vary  slightly  in  depth, 
as  also  does  the  species  in  thickness. 

Oppelia  stjbhadiata  (Sow.). 
1825.  Ammonites  subradiatus,  Sow.  Min.  Conch,  pi.  421.  fig.  2. 

1845.  A.  subradiatus  (Sow.)?,  d'Orb.  Terr.  Juras.  pi.  129.  fig.  3. 
1854.  A.  subradiatus  (Sow.),  Morris,  Catalogue,  p.  295. 
1856.  A.  subradiatus  (Sow.),  Oppel,  Juraformation,  p.  372,  fig.  26. 
Localities.  Zone  of  Cosmoceras  ParJcinsoni  at  Broad  Windsor, 

Crewkerne  Station,  Bridport,  &c. :  rather  common. 
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Termination  from  the  inner  whorl  nearly  straight,  then  a  rather 
fine  horn,  then  a  curve  back,  and  produced  on  the  ventral  area. 

Oppelia  sttbcostata  (J.  Buckman). 
1881.  Ammonites  subcostatus.  J.  Buckman,  Quart.  Journ.  Geol. 

Soc.  vol.  xxxvii.  p.  63,  no.  8. 

1845.  A.  subradiatus,  d'Orbignv  (non  Sowerby),  Terr.  Juras. 
pi.  118.  figs.  1,  2. 

This  species  was  figured  by  d'Orbignv  as  the  large  form  of  Ojppelia 
subradiata  (Sow.);  but  I  am  convinced  that  it  is  distinct.  It  has  a 
far  larger  umbilicus,  coarser  ribs,  hardly  a  distinct  keel,  and  is  far 
thicker. 

Localities.  Zone  of  Stephan.  Humphriesianum  at  Oborne  &c. ; 
rather  scarce. 

Haploceeas  oolithicioi  (d'Orb.). 
1845.  Ammonites  oolithicus,  d'Orb.  Terr.  Jurass.  tab.  126. 

figs.  1-4. 
1854.  A.  oolithicus  (d'Orb.),  Morris,  Catalogue,  p.  294. 
1856.  A.  oolithicus  (d'Orb.),  Oppel,  Juraformation,  p.  573,  no.  32. 
Localities.  It  occurs  in  the  Humphriesianum  zone  at  Oborne  and 

Milborne  Wick.  Our  specimens  have  a  slightly  smaller  umbilicus 

than  those  figured  by  d'Orbignv,  but  are  exactly  similar  in  all  other 
respects. 

Atvimo^ites  cadomensis,  Defrance? 

1845.  Ammonites  cadomensis  (Defrance),  d'Orb.  Terr.  Jurass. 
pi.  129.  figs.  9-11. 

I  am  not  certain  to  what  genus  to  attribute  this  species. 

Localities.  This  species  occurs  in  the  zone  of  Stephan.  Humphrie- 
sianum  at  Oborne.  It  is  rare.  A  few  specimens  possess  the  peculiar 
termination.  I  have  one  specimen  with  it  from  Wyke  Quarry,  and 
others  from  Oborne. 

It  may  be  also  interesting  to  add  that  we  have  found  the  following 
species  of  Ancyloceras  &c.  in  the  Inferior  Oolite  : — 

Ancyloceras  anmdatum,  d'Orb.  Terr.  Jurass.  pi.  225.  figs.  1-7. 
Humphriesianum  zone  at  Oborne. 

Anc.  subannulatum,  d'Orb.  Terr.  Jurass.  pi.  225.  figs.  12-15. Humphriesianum  zone  at  Oborne. 

Anc.  bifurcatum,  Quenstedt :  syn.  Hamites  bifurcatus,  Quenstedt. 
Ceph.  tab.  11.  fig.  15. 

Humphriesianum  zone  at  Oborne. 

Anc.  bispinatum,  d'Orb.?  Terr.  Jurass.  pi.  228.  figs.  6-9. 
It  much  resembles  this  species,  but  is  from  the  top  of  the  Hum- 

phriesianum zone  near  Halfway  House,  and  may  be  new. 
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Toococeras  Orbignyi  (Baugier  and  Sauze),  d'Orb.  Terr.  Jurass. 
pi.  232.  figs.  1,  2. 

From  near  Sherborne. 

Since  the  above  paper  was  written,  we  have  made  out  the  Yeovil 
sands  more  clearly  from  some  fresh  sections.  Just  below  the  Mur- 
chisoncB  zone  (the  equivalent  of  the  Gloucestershire  Pea-grit)  come 
about  30  feet  of  sands.  Then  comes  a  marly  bed  about  a  foot  thick, 
containing  Harpoceras  opalinum,  Lytoceras  torulusum,  Waldheimia 
anglica,  and  Rhynclionella  cynocephala.  Below  this  come  about 
100  feet,  sometimes  more,  of  sands  in  which  Lytoceras  jurense  (Zieten) 
occurs  along  with  Harpoceras  Moorei  (Lyc.)  &c.  These  lower  sands 
therefore  belong  to  the  zone  of  L.  jurense. 

On  the  vexed  question  as  to  whether  these  latter  belong  to  the 
Lias  or  Oolite  1  have  not  formed  an  opinion. 

Discussion. 

The  Peesident  bore  testimony  to  the  great  industry  and  skill 
shown  by  the  young  author  in  collecting  from  the  richly  fossiliferous 
beds  of  the  Inferior  Oolite  of  Dorsetshire.  He  pointed  out  the 
importance  of  having  sections  of  perfect  specimens  of  Ammonites 
made,  so  as  to  show  the  relation  of  the  body-chamber  to  the  others 
in  these  shells. 

Mr.  Htjdleston  referred  to  the  difference  between  the  views  of 
Mr.  S.  Buckman  and  his  father,  Prof.  Buckman,  as  to  the  value  of 
the  zones  of  the  Inferior  Oolite  and  the  geological  age  of  the  Yeovil 
Sands. 

Mr.  Chaeleswoeth  remarked  on  the  absence  of  phragmocones  of 
Belemnites  in  Chalk  rocks,  and  of  the  opercula  of  Ammonites  from 
many  Jurassic  rocks. 

Prof.  Seeley  denied  the  universal  absence  of  phragmocones  of 
Belemnites  in  the  Chalk,  and  stated  that  it  might  be  accounted  for 
by  the  condition  of  preservation  of  the  fossils.  In  the  same  way  the 
absence  of  aptychi  might  be  accounted  for  by  the  general  explana- 

tion of  such  facts  given  by  Mr.  Sorby,  who  showed  that  fossils 
composed  of  the  unstable  substance  aragonite  were  rarely  preserved. 

Prof.  Blake  thought  that  many  of  the  so-called  species  of  Ammo- 
nites would  prove  to  be  only  varieties  of  well-known  ones.  He 

confirmed  the  views  of  the  President  as  to  the  value  of  determining 
the  proportion  of  the  body- whorl. 

The  Peesident  stated  that  Mr.  Buckman  had  adopted  the  views 
of  classification  which  he  had  himself  long  ago  insisted  on.  He 
accounted  for  the  frequent  absence  of  aptychi  by  the  fact  that  the 
body-chamber  is  not  usually  broken  open.  He  also  agreed  with  Mr. 
Charlesworth  as  to  the  general  but  not  universal  absence  of  the 
phragmocone  in  Belemnitella,  and  with  Mr.  Blake  that  many  of 
these  Ammonite-forms  could  not  be  regarded  as  distinct  species. 
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40.  Notes  on  the  Diamond-fields,  South  Africa,  1880.  By  E.  J. 
Dunn,  Esq.  (Communicated  by  Prof.  Ramsay,  E.B.S.,  P.G.S.) 
(Eead  June  22,  1881.) 

The  mining-operations  carried  on  during  the  last  few  years  at  the 
diamond-fields,  South  Africa,  have  brought  to  light  some  additional 
facts  bearing  on  the  formation  of  diamonds* ;  the  most  interesting 
is  the  exposure,  at  all  the  old  mines  (Kimberley,  De  Beer's,  Du  Toit's 
Pan,  and  Bultfontein),  of  considerable  deposits  of  black  carbonaceous 
shale  underlying  the  surface  beds  of  grey  shale. 

By  the  removal  of  the  diamond-bearing  ground  of  the  old  vol- 
canic "  pipes  "  constituting  the  above  mines,  the  wall  or  rim  is  left 

unsupported ;  after  rain  immense  masses  of  this  shale,  or  "  reef," 
as  miners  term  it,  fall  into  the  excavated  gulf,  leaving  excellent 
clean  sections  of  the  horizontal  strata  ;  for  the  bedding  of  the  shales 
is  horizontal,  except  where  locally  disturbed  by  intrusive  rocks,  or 

at  the  sides  of  the  "  pipes,"  where  they  are  turned  upwards  for  a 
few  feet,  perhaps  by  the  gabbro  in  the  "  pipes." 

At  Kimberley  mine  the  surface-shales,  grey  or,  in  places,  pink  or 
yellow,  which  contain  remains  of  small  Saurians,  are  from  40  to  50 
feet  thick  ;  underneath  are  black  carbonaceous  shales,  for  the  most 
part  arenaceous,  and  more  than  100  feet  thick.  So  combustible 
are  these  shales  that  in  a  part  of  the  mine  where  they  were  acciden- 

tally fired  they  have  smouldered  on  for  more  than  eighteen  months 
and  are  still  alight. 

Time  did  not  admit  of  a  search  for  plant-remains ;  but  a  diligent 
search,  especially  in  the  finer  and  more  argillaceous  beds,  would 
be  almost  certain  of  success.  Thin  seams  of  very  impure  coal  full  of 
pyrites  occur  in  the  black  shales  ;  and  here  and  there  a  long  flattened 
piece  of  pure  coal  is  found,  probably  the  stem  of  some  plant  altered 
to  coal  and  flattened  by  compression. 

At  De  Beer's  mine,  on  the  north  side,  a  somewhat  different  sec- 
tion is  laid  bare.  First  there  is,  from  the  surface  down,  about  50  feet 

of  dolerite,  then  about  12  feet  of  yellow  thinly  laminated  shales ; 
beneath  these  are  the  black  carbonaceous  shales,  corresponding  with 
those  in  Kimberley  mine,  and  also  containing  thin  seams,  up  to 
1  inch  in  thickness,  of  impure  coal. 

The  precise  depth  of  these  carbonaceous  shales  has  yet  to  be 
determined;  but  that  they  extend  horizontally  over  the  whole 
country  at  no  great  depth  below  the  surface  there  is  no  reason  to 
doubt ;  for  wherever  wells  have  been  sunk  in  the  neighbourhood  of 

Kimberley,  De  Beer's,  Du  Toit's  Pan,  or  Bultfontein,  these  black 
shales  have  been  encountered  at  depths  varying  from  40  to  60  feet 
from  the  surface.  These  shales  are  to  be  traced  cropping  out  on  the 
banks  of  the  Modder  river  f ,  some  forty  miles  from  Kimberley,  and 

*  [See  E.  J.  Dunn's  previous  papers,  Quart.  Journ.  Geol.  Soc.  vol.  xxx. 
p.  54 ;  and  vol.  xxxiii.  p.  879.] 

t  [Quart.  Journ.  Geol.  Soc.  vol.  xxx.  p.  582.] 
Q.  J.  G.  S.  No.  148.  2  s 
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again  on  the  Riet  river,  still  further  away.  How  much  further  they 
extend  can  only  be  determined  by  boring ;  for  the  level  nature  of  the 
country  prevents  one  from  obtaining  any  knowledge  of  the  beds 
100  feet  below  the  general  level. 

That  the  old  mines  are  volcanic  "  pipes,"  and  that  they  have 
burst  through  these  carbonaceous  shales  is  evident.  Is  it  not  reason- 

able to  infer  that  the  carbon,  indispensable  in  one  form  or  another  to 
the  formation  of  diamond,  was  supplied  by  these  shales  ? 

It  is  well  known  that  at  and  near  the  surface,  or  while  the  work- 
ings in  the  "  pipes  "  were  bounded  by  grey  shale,  the  mines  were 

not  so  productive  as  at  lower  depths  ;  when  the  zone  of  black  shales 
was  reached  the  diamonds  were  more  plentiful  and  also  of  better 
quality. 

At  Kimberley  the  improved  yield  as  depth  was  attained  was  well 
recognized ;  and  at  Bultfontein  mine  so  notably  is  this  the  case  that, 
though  the  surface-ground  scarcely  paid  for  working,  the  yield  at  a 
depth  of  from  60  to  80  feet  is  most  satisfactory.  Jagersfontein,  in 
the  Free  State,  again,  is  an  instance  of  a  mine  poor  at  the  surface, 
but  very  profitable  to  work  lower  down. 

So  far  as  experience  can  be  drawn  on  as  a  guide,  it  appears  that 

the  yields  of  diamonds  in  these  "  pipes  "  are  greatest  when  mining 
is  carried  on  in  the  portions  of  the  "  pipes "  surrounded  by  carbo- 

naceous shales,  rendering  it  probable  that  these  shales  supplied  the 
element  necessary  to  the  formation  of  diamond. 

A  practical  question  of  serious  importance  as  regards  the  diamond- 
mining  industry  here  suggests  itself :  if  the  black  shales  supplied 
the  carbon  of  which  the  diamonds  are  formed,  it  is  to  be  expected 

that  some  diamonds  would  be  found  higher  in  the  "  pipes  "  than 
the  black  shale  ;  for  the  tendency  of  the  molten  rock  would  be  to 
rise,  and  this  would  also  be  the  case  with  carbon  in  the  state  of 
vapour  ;  but  is  it  probable  that  diamonds  will  be  met  with  below 
these  shales  ? 

Already  in  three  separate  localities  shafts  sunk  at  the  edge  of 
Kimberley  mine  have,  at  a  depth  of  300  feet,  struck  remarkable 
intrusive  rocks — amygdaloids,  breccias,  &c.  that  differ  essentially 
from  any  thing  found  penetrating  the  surface-shales.  Whether  these 
are  older  intrusive  rocks  on  which  the  shales  were  laid  down,  or 
whether  they  are  later  than  the  shales  and  penetrate  them  is  not  yet 
decided. 

That  the  "  pipes  "  will  continue  down  for  a  vast  depth  there  can 
be  no  doubt ;  but  if  beneath  the  black  shales  the  "  pipes "  have 
traversed  rocks  devoid  of  carbon,  are  diamonds  still  to  be  expected 
in  them  ? 

Koffyfontein  mine,  on  the  road  between  Kimberley  and  Jagers- 
fontein mines,  has  so  far  not  proved  rich  at  the  surface.  Many  other 

undoubted  "  pipes  "  have  been  opened  and  prospected  near  Kimber- 
ley ;  but  subsequently  they  have  been  abandoned  as  unremunerative, 

although  some  diamonds  were  obtained.  It  is  very  probable  that 
by  deeper  sinking  in  thess  localities  richer  yields  would  be  found, 
as  the  black  shales  are  almost  certainly  below. 
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Should  it  prove  to  be  the  case  that  these  carbonaceous  shales  pro- 
vided the  carbon  for  the  diamonds,  the  conclusion  is  forced  on  us 

that  the  original  source  of  the  diamond  is  the  atmosphere  ;  for  the 
plants  absorbed  carbonic  acid  gas  from  the  air,  and  in  course  of 
time  were  entombed,  and  thus  provided  a  store  of  carbonaceous 
matter  in  the  shales.  Later  on  these  shales  were  shattered  and 
engulfed  in  the  molten  rock.  The  carbon  was  then  liberated  in  the 
state  of  vapour  by  the  intense  heat ;  but,  being  under  great  pressure 

in  the  "  pipes,"  instead  of  escaping,  it  crystallized  out  as  sparkling diamonds. 
The  disclosure  of  such  extensive  deposits  of  carbonaceous  shale 

has  other  bearings  quite  as  important  as  on  the  formation  of  dia- 
monds. Hitherto  no  such  deposits  were  known  to  exist  in  the  Karroo 

beds  or  Dicynodon  series  of  rocks  that  cover  such  an  immense  area 
in  Cape  Colony  and  the  Free  State.  Vast  plains  broken  by  hills, 
either  isolated  in  groups  or  in  long  ranges,  characterize  the  country 
occupied  by  these  rocks  ;  the  river-beds  are  generally  shallow ;  and 
thus  it  happens  that  until  the  southern  limit  of  the  Karroo  beds  is 
reached,  which  is  200  miles  direct  from  Kimberley,  no  section,  even 
to  a  moderate  depth  below  the  general  level  is  obtainable. 

'  At  their  southern  termination  these  horizontal  beds  abruptly 
cease,  exposing  their  edges  through  a  thickness  of  more  than  3000 
feet,  and  form  the  Nieuwveldt,  Camdeboo,  and  Winterberg  ranges 
of  mountains. 

No  seam  of  coal  has  been  found  along  these  well-exposed  edges, 
although  well  searched  for.  Very  insignificant  thin  seams  of  black 
shale  do  exist,  also  occasional  plant-remains  in  the  form  of  Glosso- 
pteris  and  Equisetum,  but  no  such  shales  as  at  the  diamond-fields. 
The  remarkably  pure  anthracite  found  vertically  intersecting  the 

rocks  (Karoo  beds)  at  Buifel's  Kloof,  Camdeboo*  has  been  proved 
by  boring  to  be  the  result  of  distillation,  perhaps  ensuing  from  the 
action  of  intrusive  rocks  on  the  vegetable  remains  included  in  the 
shales.  At  the  above  locality  a  large  dyke  underlies  the  outcrop 
of  anthracite,  though  at  the  surface  it  is  several  hundred  yards 
distant. 

The  trough  of  the  great  basin  occupied  by  the  Karroot  beds  lies 
south  of  the  Orange  river,  and  about  east  and  west.  Is  there  not  a 
possibility  that  these  carbonaceous  shales  cropping  out  near  the 
northern  limit  of  the  Karroo  beds  may  develop  into  true  coal-seams 
further  south,  or  nearer  the  centre  of  the  basin  ?  A  couple  of  bore- 

holes would  settle  the  point ;  and  the  pressing  need  for  fuel  at  the 
diamond-fields  will  ensure  the  trial  being  made. 

In  previous  notes  some  dyke-like  masses  at  De  Beer's  mine  were  . 
described  as  noticeable  near  the  surface ;  now  that  the  workings 
have  reached  a  depth  of  over  100  feet  these  dykes  are  less  equivo- 

cal, as  the  rock  forming  them  appears  in  almost  its  original  con- 
dition, and  not  decomposed  as  at  the  surface ;  it  is  of  dark  bluish- 

*  [See  E.  J.  Dunn's  Report  to  the  Colonial  Parliament,  1879.] 
t  [This  name,  as  used  by  Mr.  Dunn,  excludes  the  Uppermost  Karroo  or  Storm- 

berg  beds.] 
2s  2 
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grey  colour  and  somewhat  crystalline  texture.  It  appears  to  differ 

from  the  general  mass  filling  the  "  pipe  "  only  in  "being  fine-grained and  less  liable  to  decompose.  These  dykes  are  from  2  to  3  feet  thick  ; 

they  cut  through  the  gabbro  filling  the  "  pipe,"  and  the  carbonaceous 
shales,  grey  shales,  and  dolerite  that  form  the  sides  of  the  "  pipe." 
No  similar  dykes  were  observed  in  any  of  the  other  mines. 

At  Bultfontein  mine  the  shales  on  the  east  side  are  much'  disturbed, 
and  are  tilted  in  places  at  an  angle  of  60°  away  from  the  u  pipe." 
There  are  numerous  blocks  and  small  pieces  of  dolerite  in  this 
mine  that  have  been  so  rounded  by  attrition  against  one  another, 
probably  caused  by  the  heaving  of  the  mass  when  in  a  molten  state, 
that  they  resemble  boulders  and  pebbles.  These  stones  are  not  so 
noticeable  in  any  of  the  other  mines  as  they  are  at  Bultfontein. 

As  an  instance  of  the  value  of  the  ground  filling  these  "  pipes," 
the  following  (on  good  authority)  is  of  interest : — 

At  Du  Toit's  Pan  7000  loads,  16  cubic  feet  each,  yielded,  on  an 
average,  diamonds  to  the  value  of  £2  12s.  per  load. 

Discussion 

Prof.  Eamsat  said  the  facts  mentioned  were  remarkable ;  and  it 
was  extremely  difficult  to  say  what  the  circumstances  were  under 
which  diamonds  were  developed. 

Mr.  J.  Evans  said  that  the  author  had  in  this  paper  gone  further 
than  he  had  done  in  his  previous  communication.  Last  year  small 
diamonds  had  been  shown  at  the  Eoyal  Society  made,  it  was  said, 
artificially.  It  would  be  an  experiment  worth  while  for  Mr.  Hannay 
to  repeat,  in  the  form  of  heating  together  pieces  of  carbonaceous 
shale  and  of  fusible  igneous  rock. 

Prof.  Seeley  said  the  view  of  the  author  was  a  plausible  one.  He 
himself  had  suggested  that  carbonic  acid  might  have  been  carried 
down  by  water,  and  then  decomposed  by  the  heat  of  the  volcanos, 
so  that  the  carbon,  when  liberated,  might  become  crystallized.  The 

general  principle  of  the  author's  theory  might  be  true,  though, 
perhaps,  not  the  precise  application  of  it. 



Gr.  R.  VINE  ON  STOMATOPOR^S  AND  ASCODICTrA. 613 

41.  Silurian  TJniserial  Stomatopor^e  and  Ascodictta.  By  George 
Robert  Vine,  Esq.  (Communicated  by  Professor  P.  Martin 
Duncan,  F.R.S.,  E.G.S.)    (Head  June  22,  1881.) 

The  genus  Alecto  was  founded  by  Lamouroux  in  1821  for  a  group 
of  adherent  Polyzoa.  In  1814  Leach  had  used  the  word  Alecto  for 
a  genus  of  Echinoderms  ;  and  Mr.  Hindis  says  that  it  is  still  employed 
in  connexion  with  the  Crinoidea.  On  this  account  its  further  use 
for  species  of  Polyzoa  is  objectionable.  In  1825  Prof.  Bronn  used 
the  word  Stomatopora,  and  in  1826  Groldfuss  used  Aulopora,,  as 
names  for  individuals  of  the  same  genus  as  that  founded  by  Lamou- 

roux. For  uniserial  species  d'Orbigny  employed  Prof.  Bronn's 
name ;  but  Blainville,  Johnston,  Milne-Edwards,  Busk,  and  Defrance 
used  the  original  word  "  Alecto  "  for  species  described  by  them  in 
their  various  writings. 

The  generic  characters  of  Stomatopora  have  been  given  by  various 
authors  ;  and  additions  have  been  made  from  time  to  time.  The 

rather  full  description  given  by  Goldfuss*  of  Aulopora  dichotoma, 
together  with  figures  of  the  species,  renders  identification  compara- 

tively easy.  But  somehow  there  has  been  a  confusion  in  later 
identifications,  and  the  Aidopora  intermedia  f  type  of  Miinster  has 

been  mixed  up  with  Goldfuss's  type.  Both  of  these  are  present  in 
the  Jurassic  formation ;  and  it  is,  I  will  admit,  rather  a  difficult 
matter  to  say  where  the  one  ends  and  the  other  begins.  If,  how- 

ever, authors  would  distinguish  between  the  two  types,  we  should 
be  able  to  get  at  the  true  range  of  the  species,  because  each  has  an 
individual  facies  of  its  own.  Hall,  in  describing  the  species  found 
in  the  Trenton  Limestone  of  America?  (Trenton  Falls,  Oneida 
county),  makes  this  distinction: — In  Alecto  inflata  we  have  the 
tubes  short  and  individually  separate ;  whilst  in  Aidopora  arachno- 
idea  the  tubes  are  not  distinct  or  separated  from  the  general  con- 

sistence of  the  branch.  Jules  Haime,  in  his  descriptions  of  the 
fossil  Bryozoa  of  the  Jurassic  rocks,  places  the  whole  of  his  species 
under  one  genus ;  and  I  prefer  this  method  rather  than  object  to  it. 
Thus,  Stomatopora  antiqua  from  the  Inferior  Lias  of  Yaliere,  S. 
Terquemi  from  the  Inferior  Oolite,  and  S.  Boucliardi  from  the  Ox- 

ford Clay  are  of  the  Aulopora  intermedia  type  ;  and  this  holds  good 
with  species  found  in  our  own  country.  Stomatopora  dichotoma, 
S.  dichotomoides,  D'Orb.,  and  S.  Waltoni  are  of  the  same  type  as 
that  given  by  Goldfuss  as  Aidopora  dichotoma.  In  S.  Desondoni, 
Haime,  from  the  Inferior  Oolite  of  Longwy,  we  have  a  passage- 
form  between  Aulopora  intermedia  and  the  genus  Proboscina,  and 
then  species  of  Proboscina  passing  by  gradations,  with  a  tendency 
on  the  one  hand  to  the  Idmonece,  and  on  the  other  to  the  larger 

*  Petrefacta  Germanise,  p.  218,  pi.  65.  f.  2. 
t  Ibid  p.  218,  pi.  65.  f.  1. 
\  Palaeontology  of  New  York.  vol.  i.  p.  77. 
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Stomatoporce.  There  are  in  all  the  species  and  genera  named  indi- 
vidual characters,  if  isolated,  that  would  indicate  affinities  in  the 

whole  group  ;  and  Mr.  Hincks  is  wise  in  grouping  all  these  genera 
under  one  family  name,  that  of  the  Tubuliporidae. 

Prof.  H.  Alleyne  Nicholson,  in  working  out  material  submitted  to 
him  for  examination  by  Mr.  V.  P.  James,  of  Cincinnati,  and  also 
material  collected  by  himself,  saw  fit  to  rename  the  species  of 
Hall  Hippothoa  inflata,  and,  according  to  his  description,  shifted 
the  species  from  the  suborder  Cyclostomata  to  that  of  the  Cheilo- 
stomata  of  Busk.  I  could  not  from  the  first  agree  with  the  Pro- 

fessor; but  I  was  unable  to  dispute  the  point  raised  by  him  other- 
wise than  by  the  mere  expression  of  opinion ;  for  up  to  the  present 

time  no  record  has  been  given  of  species  of  Stomatqpora  found  in 
our  own  Palaeozoic  rocks.  I  am  now  able  to  carry  back  the  true 
uniserial  Stomatoporce  to  the  Lower  Wenlock  Shales  of  Shrop- 
shire. 

It  may  be  as  well  to  say  a  few  words  about  the  material  used  by 
me  for  this  and  other  papers  (to  follow)  on  Silurian  Polyzoa.  It  is 
now  pretty  generally  known  that,  for  the  purpose  of  assisting  Mr. 
Thomas  Davidson,  P.E.S.,  in  his  labours  on  the  Silurian  Brachio- 
poda,  Mr.  George  Maw,  P.L.S.  and  F.G.S.,  of  Benthall  Hall,  Shrop- 

shire*, has  had  washed  and  carefully  picked,  for  Brachiopoda,  about 
18  tons  of  Wenlock  shales.  The  debris  of  these  washings  were  after 
this  laid  aside  for  the  use  of  other  specialists.  Some  time  since  I 
applied  to  Mr.  Davidson,  and  afterwards  to  Mr.  Maw  (Mr.  Davidson 
supporting  my  request),  for  some  of  this  refuse,  for  the  purpose  of 
working  out  stratigraphically  the  Polyzoa  and  smaller  Actinozoa. 
My  request  being  granted,  Mr.  Maw  sent  me  on  the  19th  of  March 
over  two  hundredweight  of  the  debris  for  this  purpose.  I  intend 
to  use  the  whole  of  this  material  honestly ;  for  I  feel  convinced  that 
it  can  be  only  by  labours  such  as  these  that  a  true  idea  of  the 
abundance  of  the  Polyzoal  life  of  former  epochs  can  be  obtained  ; 
and,  though  picking  out  fragments  from  such  a  mass,  by  the  aid  of 
a  hand-glass,  may  be  both  painful  and  tedious,  I  shall  prefer  to 
work  on  different  groups,  as  material  accumulates,  rather  than  delay 
writing  till  the  whole  has  been  picked.  I  have  already  gone  over 
about  thirty  pounds  of  the  debris  from  the  eleven  localities  and  ho- 

rizons ;  and  it  may  be  interesting,  as  showing  the  difference  between 
the  shales  of  the  Carboniferous  and  the  shales  of  the  Wenlock  series, 
when  I  say  that  a  single  pound  of  unwashed  Haiimyres  clay  would 
yield  me  in  the  washing  more  individual  specimens  than  I  have  been 

able  to  get  from  the  thirty  pounds  of  the  "Wenlock  debris.  In  the 
Carboniferous  the  fragmentary  organisms  are  tolerably  well  pre- 

served and  perfect ;  in  the  other  the  Polyzoal  remains  seem  to  have 
been  much  waterworn,  but,  with  the  exception  of  one  locality,  not 
sufficiently  injured  to  prevent  identification. 

We  are  indebted  to  Prof.  Hall  for  the  first  indication  of  the  ex- 
istence of  uniserial  Stomatoporce  in  Silurian  rocks.     It  is  quite 

*  See  Geological  Magazine,  Jar.,  March,  &e.  1881. 
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possible  that  Lonsdale  and  other  workers  on  the  Silurian  organisms 
may  have  had  a  prerious  knowledge  of  the  fact  of  their  existence  in 
these  rocks  ;  but  no  detailed  account  was  furnished.  For  the  work- 

ing-out of  these  and  other  forms  of  Stomatopora  we  are  equally  in- 
debted to  Prof.  Nicholson,  M.D.,  F.G.S.,  &c. 

Silurian  Stomatoporce. 
1.  SXOITATOPOEA  IXTLATA. 

AJecto  inflate,  Hall,  Pakeont.  of  Xew  York,  vol.  i.  p.  77,  pi.  xxvi. 
figs.  7(7.  b.  =  Hippothoa  inflata,  Xicholson,  Ann.  &  Mag.  Nat.  Hist. 
Feb.  1S75,  pi.  xi.  figs.  1.  la. 

" Zoarium*  attached,  arachnoid  :  zocecia  short,  much  expanded 
above,  contracting  at  the  aperture  and  narrowing  rapidly  below  : 

orifice  large,  opening  obliquely  upwards." 
This  is  Hall's  description  of  his  species.  Xicholson  says  that  the 

branches  of  his  specimens  are  linear,  and  the  "  cells  uniserial  and 
pyriform.  each  springing  by  a  contracted  base  directly  from  the  cell 

below  :  about  four  cells  in  the  space  of  one  line.*'  There  is  nothing, 
however,  in  his  description  that  would  ally  the  species  with  the 
Hippoihoa  :  but  in  working  out  my  own  TTpper-Silurian  types  I  have 
given  prominence  to  every  feature  that  had  any  tendency  to  a  Hippo- 
thooid  character. 

The  geological  position  of  Hall's  species  is  the  Trenton  Limestone. 
Nicholson's  specimens  are  from  the  Hudson-River  Formation,  Cin- cinnati Group. 

2.  Stoitatopoea  dissimixis.  mihi.    Figs.  1-8  (p.  616\ 

Zoarium  adnate,  branching,  generally  attached  to  stems  of  Cri- 
noidea.  very  rarely  to  broken  shells  :  branches  linear,  sometimes 
wavy  and  anastomosing.  Zocecia  invariably  uniserial,  and,  in  the 
best  preserved,  very  finely  ribbed  transversely ;  the  oral  extremity 
slightly  raised  ;  orifice  circular  or  snbcircular.  Oceeicd  cells  rather 
ventricose  and  strongly  ribbed  (?).  Each  normal  zocecium  about 
half  a  line  ;  average  about  6  to  3i  lines. 

Loc.  Fpper  Silurian  ;  *•  Buildwass  beds,''  Harley,  near  Wenlock, 
rather  rare  :  also  base  of  Wenlock  shale,  Buildwass  Bridge.  Shrop- 

shire, rather  common. 
I  have  not  found  any  specimens  of  this  species  in  any  other  of 

the  eleven  localities  which  I  have  searched  for  Polyzoa.  In  search- 
ing the  material  from  these  two  localities,  I  found  it  to  my  interest 

to  examine  on  both  sides  every  fragment  of  shell  and  Crinoid  that 
came  under  my  glass  ;  the  consequence  of  this  is  that  I  have  speci- 

mens, more  or  less  perfect,  of  about  fifty  colonies.  The  drawings 
are  made  from  three  of  these,  because  they  afforded  me  better  facies 
than  the  others.  What  I  have  given  are  characteristic  of  the 
whole. 

*  To  present  a  uniformity  in  the  descriptions,  I  change  the  exact  words  of 
authors  to  those  in  present  use  :  thus.  Hall's  word  iS  Coral  "  is  changed  to  Zo- 

arium, "  Polvzoary  "  of  authors  to  the  same. 
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Pigs.  1-8. — Stomatopora  dissimilis,  Vine,  from  the  Buildwass  heds, 
Upper  Silurian,  Shropshire. 

1.  Colony  adherent  to  Crinoid  stem. Each  of  these  colonies  has  been  drawn 
j     with  the  Camera  lucida,  from  three 

2.  ,,  „  J-    separate  specimens  on  Crinoid  stems, 
I     the  habit  of  each  colonial  growth  be  ing 

3.  ,,  „  „  „      J     somewhat  dissimilar  in  character. 
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Pig.  4.  Pig.  5.  Pig.  6.  Pig.  7. 

4.  Profile  of  two  cells  from  No.  3  colony,  only  lower  down  on  specimen. 
5.  Magnified  cell  on  same  colony  (fig.  3,  a). 
6.  Three  cells  from  same  colony  (fig.  3,  b). 
7.  Cell  from  same  colony,  with  caudate  elongation  (fig.  3,  c). 
8.  Cell  from  another  colony.  The  stoloniferous  processes  on  specimen  No.  3 

do  not  belong  to  the  Polyzoal  colony,  but  to  Ascodictyon.  Upper  Silurian, 
Buildwass  beds,  base  of  Wenlock  shale,  Shropshire. 

The  habit  of  the  colonial  growth,  as  given  in  fig.  1,  is  similar 
to  that  of  Aulojpora  dichotoma,  Goldf .  Generally  speaking,  about 
every  second  cell  gives  origin  to  a  fresh  one ;  and  this  is  the  be- 

ginning of  a  new  branch.  I  cannot,  however,  give  this  as  a  cha- 
racter, on  account  of  its  variableness.  The  origin  of  fresh,  colonies 

of  this  beautiful  species  is  a  most  interesting  study.  Without 
speaking  positively  on  this  point,  I  have  in  one  small  fragment 
probable  evidence  that  clusters  of  cells  are  developed  from  one  of  the 

"rosettes"  of  Ascodictyon  stellatum,  Nich.  and  Ether.  *  Around 
this  cluster  primary  cells  of  various  colonies  are  disposed ;  some 
colonies  have  a  linear  arrangement  of  from  three  to  five  cells ;  the 
primary  cells  are  also  disposed  singly  on  different  parts  of  the  frag- 

ment of  broken  shell ;  a  larger  mass  of  cells  clustered  in  one  spot 
give  origin  to  several  linear  branches  of  what  I  am  disposed  to 
believe  are  new  colonies.  It  may,  however,  be  possible  to  explain 
this  feature  by  stating  that  one  rosette  gives  origin  to  several  linear 
branches,  and  the  whole  clustered  together  would  be  the  parental 
nucleus  of  one  colony  variously  disposed.  There  is  sufficient  evi- 

dence to  show  that  some  colonies  at  least  sprang  from  an  inde- 
pendent primary  cell. 

Amongst  living  JStomatoporce  a  most  remarkable  feature  is  shown 
in  the  figures  of  S.  fasciculata,  Hincks,  pi.  lix.  figs.  4,  5  f .  In  his 
descriptive  text  (p.  441)  Mr.  Hincks  separates  this  from  all  other 

*  Ann.  &  Mag.  Nat.  Hist.  June  1877. 
t  Hincks,  Brit.  Marine  Polyzoa,  vol.  ii. ;  text,  vol.  i. 
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known  species,  and  places  it  in  a  division  by  itself  (C.  Colony 
clustered).  In  the  figure  there  are  several  peculiar  clusters  of  cells, 
including  from  two  to  five  or  seven  cells.  There  are  no  stoloni- 
ferous  processes.  In  comparing  the  feature  given  here  by  Hincks 

with  that  of  Nicholson's  figure  of  Ascodictyon  stellatum,  and  both  of 
these  with  my  own  specimen,  I  cannot  arrive  at  any  other  con- 

clusion than  that  some  of  the  Ascodictya  of  the  Palaeozoic  rocks 

are  in  some  way  homologous  with  the  cluster  found  upon  Hincks's 
unique  and  solitary  specimen  of  S.  fasciculata. 

The  profile  of  two  cells,  fig.  4,  shows  the  true  Stomatoporous  de- 
velopment. There  are  some  cells  in  fig.  3  that  are  of  a  most  pecu- 

liar character.  They  differ  in  a  few  particulars  from  other  cells  ; 
and  these  I  have  ventured  to  suggest  may  be  the  ocecia  of  the 
colonies.  I  may,  or  I  may  not,  be  right  in  my  conjecture  on  this 
point.  Unless  these  be  ocecia,  I  have  not  been  able  to  trace  in  any 
other  cells  the  least  indication  of  ovarian  chambers.  5  is  a  good 
illustrative  example  of  the  cell  referred  to.  Other  points  of  struc- 

ture are  alluded  to  in  the  description  of  the  figures. 
In  the  Annals  and  Magazine  of  Nat.  History  for  June  1877,  Messrs. 

Nicholson  and  Etheridge,  Jun.,  described  and  figured  a  most  peculiar 

and  "anomalous  genus  of  Palaeozoic  fossils."  The  name  given  to 
the  group  was  Ascodictyon ;  and  several  species  were  described  as 
found  in  Devonian  and  Carboniferous  rocks.  The  systematic  po- 

sition and  affinities  of  the  fossils  were  not  established  by  the  authors 
when  the  paper  was  written.  Prom  material  in  my  own  cabinet  I 
ventured  to  suggest,  in  a  letter  to  Prof.  Nicholson,  what,  judging 
from  the  Carboniferous  fossils,  I  believed  to  be  the  probable  affini- 

ties. I  have  now  discovered  in  the  Silurian  shales  of  Shropshire 
several  specimens  of  the  species  given  by  Nicholson ;  and  so  care- 

fully are  the  characters  of  the  Devonian  fossils  made  out,  that  I 
can  trace  in  the  Silurian  specimens  a  most  remarkable  resemblance. 
In  the  stellate  rosette  and  stoloniferous  processes  there  are  differ- 

ences so  slight  that  I  was  inclined  to  place  my  own  fossils  under  the 
same  generic  and  specific  names,  distinguishing  one  only  with  a 
varietal  term  *. 

3.  Ascodictyon  stellatum,  Nich.  &  Eth.,  Jun. 

I  have  only  two  specimens  of  this  type.  There  are  a  few  differ- 
ences, which  it  may  be  well  to  indicate  by  giving  it  the  varietal 

name,  siluriense,  mihi. 
Colony  composed  of  calcareous  clusters  of  ovoid  cells,  having  a 

somewhat  stellate  character ;  each  cluster  containing  from  four  to 
seven  cells,  which  are  connected  together  by  creeping  filamentous 
cords,  some  of  which  anastomose  at  intervals. 

Loc.  Buildwass  beds,  near  base  of  Wenlock  Shale,  Shropshire. 

*  Since  this  was  written,  I  have  been  able  to  work  out  fuller  details  of  this 
most  remarkable  group  ;  and  I  may  add  that  Professor  Nicholson  has  furnished 
me  with  specimens  of  his  so-called  Hippotkoa  inflata,  particulars  of  which  will 
be  given  in  a  future  paper  on  the  Polyzoa  of  the  Wenlock  Shales. 
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4.  Ascodictyon  radians?,  Nich.  &  Ether.    (Provisional  placement.) 

I  have  several  colonies  of  this  beautiful  type  apparently  similar 
to  those  found  in  the  Carboniferous  rocks  of  Scotland.  The  colonies 
are  not  so  prolific,  however,  in  the  Silurian  as  they  are  represented 
to  be  in  the  East  Kilbride  district.  In  the  Silurian  the  clusters 
rarely  exceed  two  or  three  ;  in  many  cases  there  is  only  one  stellate 

group  of  "  elongated  vesicles."  Eor  the  present  I  merely  record 
their  discovery,  reserving  more  detailed  description  for  some  future 
time  when  my  material  is  better  worked. 

Log.  Buildwass  beds,  near  base  of  Wenlock  Shale,  Shropshire. 
Hob.  On  stems  of  Crinoidea  and  fragments  of  shell. 

"Without  committing  myself  to  any  systematic  classification  (other than  that  suggested  in  the  text)  of  these  peculiar  fossils,  I  think  it 
would  be  unwise  and  ungenerous  on  my  part  to  conclude  this  paper 
without  speaking  most  approvingly  of  the  labours  of  Prof.  Nicholson 
and  Mr.  Robert  Etheridge,  Jun.,  in  the  same  direction  as  my  own. 

Prof.  Nicholson  remarks,  in  the  paper  on  Ascodictyon* ,  that  this 
"  genus,  so  far  as  our  present  knowledge  goes,  is  confined  to  the 
Devonian  and  Carboniferous  periods."  I  am  now  able  to  extend 
its  range. 

Ascodictyon,  Men.  &  Ether.  Jun. 

Upper  Silurian   A.  stellatum,  var.  siluriense,  mihi   Shropshire. 
Middle  Devonian...  A.  stellatum,  JSTich.  &  Eth   Hamilton,  Ontario. 
,,  „       ...  A.  fusifomne,     „         „    ,, 

Upper  Silurian   A.  radians?,      „  „     my  own  cabinet..  Shropshire. 
Carb.  Limestone  ...  A.  radians,        „         „  ,,  „  Scotland. 
„  „  A^stellatum      „         „  „  „  „ 

Stomatopora,  Bronn,  uniserial  species. 
Lower  Silurian          8.  inflata,  Hall    Trenton  Limestone, 

America. 
„  ,,    S.  inflata,  (Hippothoa  inflata,  Nich.)    Hud  son -River  For- 

mation. 
Upper  Silurian          8.  dissimilis,  Vine  ;  my  own  cabinet    Buildwass  beds, 

Shropshire. 
Permian    8.  Voigtiana,  King.  Humbleton,  York- shire. 

Discussion. 

The  President  stated  that  very  important  results  were  being  ob- 
tained from  these  washings  of  Mr.  Maw's  of  Upper  Silurian  rock. 

Some  of  those  obtained  by  Mr.  Davidson  were  of  the  highest  value. 
Aulopora  had  been  made  a  receptacle  for  very  various  forms. 

Prof.  Duncan  said  that  the  value  of  Mr.  Yine's  researches  was 
very  great.  The  numbers  of  Polyzoa  produced  were  very  great ;  and 
some  of  the  Heteroporce  were  singularly  recent  in  aspect. 

*  Ann.  &  Mag.  Nat.  Hist.  June  1877. 
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42.  The  Reptile  Fauna  of  the  Gosau  formation  preserved  in  the 
Geological  Museum  of  the  University  of  Vienna.  By  Prof. 
H.  G.  Seeley,  F.R.S.,  F.G.S.,  &c,  Professor  of  Geography  in 

King's  College,  London.  With  a  Note  on  the  Geological 
Horizon  of  the  Fossils  at  Neue  Welt,  west  of  Wiener  Neustadt, 
by  Edw.  Suess,  Ph.D.,  F.M.G.S.,  &c,  Professor  of  Geology  in 
the  University  of  Yienna,  &c.    (Read  June  8,  1881.) 

[Plates  XXVII.-XXXL] 
Contents. 

Introduction. 
Historical  review ;  condition  of  specimens. 

Dinosauria. 
Dentary  bone  and  teeth  of  Mochlodon  Suessii  (Biinzel). 
Skull  of  Struthiosaurus  austriacus,  Biinzel ;  with  a  note  on  the  base  of  the 

skull  of  Acanthopholis  horridus,  Huxley. 
On  the  genus  Cratc&omus,  an  armoured  type  with  powerful  fore  limbs. 
Mandibles  and  teeth,  probably  referable  to  Cratcsomus. 
Cratcsomus  Pawlowitschii,  Seeley,  vertebral  column,  ribs,  dermal  armour, 

scapula,  humerus,  femur,  tibia. 
Cratceomus  lepidophorus,  Seeley,  coracoid,  scapula,  humerus,  femur,  tibia, 

fibula,  metatarsal  bone,  claw-phalange,  dorsal  vertebra. 
Tooth  of  Megalosaurus  pannoniensis,  Seeley. 
Femur  of  Omithomerus  gracilis,  Seeley. 
Lower  jaw  and  maxillary  bone  of  Doratodon  carcharidens  (Biinzel). 
Femur  and  humerus  of  Bhadinosaitrus  alcimus,  Seeley. 
Scapula,  humerus,  and  femur  of  Oligosaurus  adelus,  Seeley. 
Humerus,  scapula,  vertebrae,  and  armour  of  Hoplosaurus  ischyrus  (Seeley). 

Crocodilia. 
Vertebral  column,  femur,  fibula,  ulna,  radius,  &c.  of  Crocodilus  proavus. 

Chelonia. 
Costal  plates,  postfrontal  bones,  and  scapula  of  Pleuropeltus  Suessii,  Seeley. 
Costal  plates  and  plastron  of  Emys  Neumayri,  Seeley. 

Lacertilia. 
Vertebra  of  ArcBOsaurus  gracilis,  Seeley. 

Ornithosauria. 
Omithocheirus  Bunzeli,  Seeley. 

Introduction. 

Historical  Review. 

The  Gosau  formation,  nearly  corresponding  in  age  to  the  Upper  Green- 
sand  of  this  country,  is  represented  at  ISTeue  Welt,  near  Wiener  Neu- 
stadt,  by  freshwater  deposits  full  of  such  freshwater  shells  as  Melania 
and  Unio,  and  land-plants  such  as  Banksia  and  PecopteHs.  The  for- 

mation and  its  fauna  have  been  described  by  Profs.  Suess,  Zittel,  and 
many  others  ;  but,  although  the  late  Dr.  Stoliczka  detected  a  tooth 
imbedded  in  the  coal  of  the  formation,  no  important  knowledge  was 
obtained  of  the  vertebrate  fauna  of  the  Gosau  beds  until  Prof.  Suess 
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was  so  fortunate  as  to  obtain  the  assistance  of  Bergverwaltcr  Paw- 
lowitsch  in  conducting  excavations.  These  were  carried  on  with 
admirable  skill ;  timber  drift-ways  were  driven  into  the  rocks,  with 
the  result  that  they  penetrated  into  a  perfect  cemetery  of  the  remains 
of  Cretaceous  reptiles.  The  remarkable  collection  thus  obtained 
was  intrusted  for  description  to  Dr.  Emanuel  Biinzel,  whose  memoir 

upon  it  was  published  in  1871  in  the  '  Transactions  of  the  Imperial- 
Royal  Geological  Institution.'  Subsequently  more  specimens  were 
discovered;  and  in  Easter  1879  my  honoured  friend,  Prof.  Suess, 
invited  me  to  visit  Vienna  to  examine  these  specimens,  with  the 
object  of  making  them  available  for  the  advancement  of  knowledge 
by  publication.  With  the  assistance  of  the  Royal  Society  I  gladly 
undertook  this  work,  and  spent  a  month  in  Vienna  studying  the 
thousands  of  fragments  which  had  been  obtained.  The  great  mass 
of  these,  mere  comminuted  bones,  proved  of  but  little  value ;  or, 
rather,  the  time  that  I  could  give  to  their  study  enabled  me  to  piece 
together  but  few  specimens  that  were  likely  to  prove  interesting. 
There  were,  however,  other  important  remains,  which  Prof.  Suess 
had  already  reconstructed  and  pieced  together  with  great  patience 
and  perseverance,  that  had  produced  many  indications  of  lost  animal 
forms  out  of  a  chaos  of  debris.  I  soon  found  that  Biinzel's 
views  and  my  own  presented  certain  differences.  His  memoir, 
which  extends  to  eighteen  quarto  pages,  and  is  illustrated  by  eight 
plates,  describes  the  following  species — Crocodilus  carcharidens, 
Iguanodon  Suessii,  Struthiosaurus  austriacus,  and  Danubiosaurus 
anceps.  Other  remains  are  referred  to  the  genera  Hylcwsaurus, 
Scelidosaurus,  and  Lacerta ;  while  certain  specimens  are  classed  as 

"  Crocodili  ambigui,"  Chelonians,  and  indeterminate  remains.  All  the 
specimens  which  he  described  are  figured ;  but  the  artist  has  so  im- 

perfectly appreciated  the  details  of  character  of  the  fossils  represented 

in  Biinzel's  plates,  that  it  is  impossible  to  form  from  them  a  just 
opinion  of  these  fossil  reptiles.  After  examining  the  specimens,  I  have 

come  to  the  conclusion  that  some  of  Bunzel's  identifications  may  be 
modified.  I  am  unable  to  recognize  Scelidosaurus,  of  which  Biinzel 
figures  a  claw-phalange,  tail- vertebrae,  and  dermal  armour.  Hylcw- 
saurus  is  another  genus  doubtfully  cited,  resting  upon  a  single  scute, 
which  it  may  be  well  to  discard.  Lacerta  is  a  genus  that  certainly 
cannot  be  recognized,  although  the  author  refers  to  it  parietal  and 
postfrontal  bones,  the  articular  element  of  the  lower  jaw,  and  the 
right  side  of  the  lower  jaw,  vertebrae,  fragments  of  ribs,  humerus, 
radius,  and  femora.  But  the  genus  Lacerta  could  here  only  be  used 
in  the  sense  of  animals  of  the  Lizard  group. 

Eor  reasons  that  will  be  adduced,  the  Crocodilus  carcharidens, 
founded  upon  a  fragment  of  the  lower  jaw,  cannot  be  referred  to  the 
genus  Crocodilus ;  while  the  Danubiosaurus  anceps  was  founded  in 
error,  and  the  remains,  instead  of  being  lacertilian,  belong  to  other 
orders  and  other  parts  of  the  skeleton  than  those  identified.  Stru- 

thiosaurus being  founded  on  a  single  specimen,  remains  an  interesting 
type ;  but  I  feel  constrained  to  refer  the  Iguanodon  Suessii  to  a 
distinct  genus. 
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The  vertebrae,  plate  i.  figs.  24-26,  regarded  as  crocodilian,  per- 
tain to  a  small  Dinosaur  ;  figure  27  in  the  same  plate,  regarded  as 

the  dorsal  rib  of  a  Crocodile,  I  interpret  as  the  cervical  rib  of  a 
Dinosaur.  The  vertebras,  regarded  as  crocodilian,  which  are  figured 
in  pi.  ii.  give  evidence  of  a  second  and  larger  species  of  Dinosaur, 
and  exemplify  its  cervical,  caudal,  and  dorsal  vertebras. 

On  plate  iii.  fig.  1,  the  specimen  regarded  as  the  right  side  of  a 
hinder  dorsal  rib  of  a  Teleosaur  I  regard  as  the  shaft  of  the  femur 
of  a  new  Dinosaurian  genus.  Figures  2-4,  described  as  a  crocodilian 
femur,  is  the  femur  of  the  larger  Dinosaur.  Figures  5,  6,  called 
fragment  of  lower  jaw  of  a  Lizard,  is  certainly  neither  a  fragment 
of  jaw  nor  a  Lizard-bone,  but  the  proximal  end  of  a  large  rib  of  a 
Dinosaur.  Figures  12,  13,  called  the  upper  half  of  a  crocodilian 
humerus,  I  regard  as  the  proximal  part  of  a  Dinosaurian  fibula. 

In  plate  iv.  figs.  1,  2,  classed  as  dermal  bones  of  a  Crocodile,  I  refer 
to  one  of  the  large  new  Dinosaurs.  Figure  3,  described  as  the  right 
ilium  of  Iguanodon  Mantelli,  is  certainly  a  coracoid  of  a  large  Dino- 

saur. The  tail-vertebras  on  the  same  plate,  referred  to  Scelidosaurus, 
are  caudals  of  the  same  Dinosaurian  genus  already  referred  to.  The 
figures  11,  12,  called  phalange  of  crocodilian,  is  a  Dinosaurian  meta- 

carpal or  metatarsal ;  and  the  claw-phalange  (figs.  4,  5),  referred  to 
Scdidosaurus,  probably  belongs  to  the  same  animal. 

The  figures  of  the  remarkable  skull  of  Struthiosaurus,  represented 
on  plate  v.,  are  all  unsatisfactory,  since  they  give  but  a  vague  idea 
of  its  structure.  Figures  7-9,  described  as  the  rib  of  a  lacertilian 
(Danubiosaurus  anceps),  represent  the  scapula  of  the  larger  Dinosaur. 
Figure  10,  termed  claw-phalange  of  Danubiosaurus,  was  shown  by 
Prof.  Suess  to  be  a  piece  of  Dinosaurian  armour,  since  he  fitted  it  to 
a  remarkable  horn-like  scute  of  the  larger  new  Dinosaur. 

On  plate  vi.  figs.  1-3,  is  represented  another  example  of  the  large 
Dinosaurian  scapula,  there  interpreted  as  the  rib  of  Danubiosaurus 
anceps.  Figures  4,  5  are  said  to  represent  the  left  ilium  of  this 
imaginary  animal ;  but  they  are  really  the  costal  plate  and  blended 
rib  of  a  large  and  remarkable  new  Chelonian  type.  Figures  8-10, 
termed  bodies  of  vertebras  of  Lizard,  are  vertebras  of  the  same  species 
of  Crocodile  represented  on  plate  i.  Figures  6,  7,  described  as  the 
articular  part  of  the  lower  jaw  of  a  Lizard,  are  really  the  articular 
end  of  the  lower  jaw  of  a  Pterodactyle  of  the  genus  Oniithocheirus. 
I  concur  with  the  identification  of  fig.  11,  as  vertebra  of  a  Lizard.  The 
bone  represented  in  figures  12,  13,  termed  dorsal  rib  of  Lizard,  is  the 
fibula  of  a  Crocodile.  I  am  unable  to  recognize  satisfactory  Lizard- 
characters  either  in  the  humerus  figured  in  this  plate  or  in  any  of  the 
bones  represented  in  plate  vii.,  while  that  represented  in  figs.  22  and 
23,  termed  a  rib,  seems  to  me  to  be  a  femur  of  a  new  Dinosaurian 
genus.  The  Dinosaurian  dermal  armour  in  this  plate,  referred  to 
Soelidosaurus,  must  be  associated  with  the  bones  of  one  or  the  other 
of  the  large  Dinosaurs  already  referred  to. 

All  the  specimens  on  plate  viii.  are  Dinosaurian ;  and  I  should  only 
differ  from  Dr.  Biinzel  in  referring  them,  together  with  fig.  1  (which 
he  terms  tail- vertebras  of  a  crocodilian)  to  the  principal  Dinosaur. 
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Figures  2-4  are  termed  by  the  author  vertebra  of  a  foetal  Dinosaur ; 
but  I  am  not  aware  of  any  evidence  which  enables  us  to  determine 
a  matter  of  that  kind,  and  I  refer  it  to  the  same  animal  as  the  so- 
called  Lizard-bones  (pi.  vi.  figs.  14,  15,  pi.  vii.  figs.  1-4). 

Indicating  these  and  some  other  differences  of  opinion  from  Prof. 
Suess,  and  arranging  the  material,  old  and  new,  into  species  accord- 

ing to  my  interpretation,  I  was  invited  to  deal  with  the  remains  in 
such  a  manner  as  my  conclusions  made  necessary.  As  the  time 
available  did  not  suffice  for  description  of  the  whole  collection,  I  was 
generously  permitted  to  borrow,  from  the  museum  of  the  University 
of  Vienna,  the  more  important  specimens,  which  required  further 
study  or  to  be  figured.  The  results  I  now  offer  to  the  Geological 
Society.  The  subject  confessedly  presents  great  difficulties  ;  and  in 
the  following  memoir  I  have  dealt  with  it  to  the  best  of  my  ability. 
As  already  stated,  the  bulk  of  Dinosaurian  vertebras,  scutes,  and 
limb-bones  are  referable  to  two  species  of  the  same  genus  differing 
in  size  and  other  characters.  This  genus  is  certainly  new.  But  when 
we  come  to  examine  the  corresponding  skull-fragments,  there  are  two 
species  indicated  (by  lower  jaws)  which  are  both  of  about  the  same  size. 
There  is  also  the  somewhat  smaller  Dinosaur  indicated  by  Biinzel 
as  Iguanodon  Suessi ;  and  there  are  teeth  that  appear  to  be  referable 
to  two  other  Dinosaurs,  one  resembling  Lcelaps  or  Megalosaurus,  and 
the  other  somewhat  approaching  the  Scelidosaurian  pattern.  Hence 
there  is  great  difficulty  in  referring  the  right  jaws  to  the  skeletons  ; 
and  there  is  absolutely  no  evidence  to  show  whether  the  hinder  skull- 
fragment,  called  Struthiosaurus  austriacus,  belonged  to  one  of  these 
species,  or  is  the  only  specimen  of  the  animal  hitherto  discovered.  I 
have  therefore  some  doubt  whether,  in  the  endeavour  to  make  the 
subject  clear,  a  synonym  or  two  may  not  be  introduced,  which  can 
only  be  got  rid  of  by  the  discovery  of  additional  materials  ;  and  I  put 
my  views  forward  with  some  diffidence. 

Of  the  new  Chelonian  indicated  by  costal  plates  which  were  sepa- 
rate from  each  other  at  the  lateral  margins,  I  find  no  other  evidence 

except  postfrontal  bones  indicating  a  skull  covered  with  an  elaborate 
pattern  of  minute  scutes,  and  a  strong  but  imperfect  coracoid  bone. 
Both  these  latter  remains,  however,  are  so  typically  Chelonian, 
although  the  skull-bones  joined  by  squamose  overlap  instead  of  by 
suture,  that  I  have  no  doubt  of  the  propriety  of  including  the  costal 
plates  in  the  Chelonian  order,  singular  as  is  their  form.  This  remark- 

able animal  is  associated  with  Emydian  types  which  differ  in  no 
important  respect  from  existing  genera.  The  Pterodactyles  are  very 
imperfectly  represented,  and  badly  preserved,  and  require  but  brief 
notice.  The  Crocodilians,  however,  are  more  curious,  partly  from  their 
remarkable  resemblances  to  types  previously  known  in  the  Green- 
sand  of  ISTew  Jersey  and  Cambridge,  and  partly  from  displaying  new 
characters  in  the  vertebras. 

All  the  species  hitherto  discovered  are  peculiar  to  the  deposit,  and, 
with  the  exception  of  those  temporally  referred  to  Crocodilus,  Emys, 
Omithocheirus,  and  Megalosaurus,  must,  as  it  seems  to  me,  be  located 
in  new  genera.    The  most  important  new  type  is  the  Dinosaur  Cra- 
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twomus,  represented  by  two  species ;  the  other  Dinosaurian  genera 
are  Doratodon,  Hha  dinosaur  us,  Mochlodon,  Ornithomerus,  Oligosaurus, 
and  Hoplosaurus. 

Condition  of  the  Specimens. 

Almost  all  the  bones  are  in  fragmentary  condition,  and  somewhat 
distorted  by  the  effects  of  pressure.  Being  hollow,  they  have  some- 

times become  greatly  crushed  ;  and  were  it  not  that  both  right  and 
left  bones  are  usually  preserved,  it  would  often  be  difficult  to  avoid 
being  misled  by  appearances  which  result  from  conditions  of  fossili- 
zation.  Unfortunately  almost  all  the  long  bones  have  lost  their 
articular  extremities,  and  although  in  some  instances  this  may 
perhaps  be  the  result  of  fracture,  yet  in  most  cases  it  is  certainly  a 
consequence  of  decay  of  the  bones  before  they  were  covered  up  in  the 
deposit.  I  do  not  speculate  as  to  whether  the  articular  ends  may 
have  been  eaten  off  by  large  carnivorous  contemporaries  ;  for  there 
are  no  indications  of  tooth-marks  or  other  evidences  of  animals 
which  might  thus  have  mutilated  the  specimens.  No  doubt  to  some 
this  condition  would  be  proof  that  the  remains  were  derived  from 
an  older  deposit ;  but  since  the  Wealden  and  Cambridge  Greensand 
and  Stonesfield  Slate  all  have  a  number  of  bones  in  a  not  dissimilar 
condition,  it  seems  to  me  less  hypothetical  to  find  an  explanation 
of  their  condition  in  prolonged  maceration,  coupled  with  the  litho- 
logical  and  petrological  modifications  which  the  deposit  has  since 
undergone.  There  is,  however,  no  record  of  natural  association  of 
any  of  the  remains ;  yet,  as  they  have  mostly  come  from  the  same 
locality,  it  is  probable  that  remains  which  agree  in  size  and  anato- 

mical characters  may,  in  most  cases,  with  certainty  be  referred  to 
the  skeleton  of  the  same  individual,  since  duplicate  parts  of  the 
skeleton  are  almost  unknown  in  each  species.  There  may  perhaps 
be  a  certain  amount  of  doubt  as  to  the  correct  association  of  the 
remains  which  I  have  ventured  to  put  together ;  but  this  is  a  doubt 
which  the  anatomist  will  best  appreciate  who  can  realize  the  nature 
of  the  studies  which  have  led  me  to  group  the  bones  as  here  set 
forth. 

Mochlodon  Stjessii  (Biinzel).    (PI.  XX.VIL  fig.  1.) 
See  Biinzel,  I.  c.  p.  8,  pi.  iii.  figs.  7-11. 

One  of  the  most  beautifully  preserved  specimens  is  a  right  dentary 
bone  of  a  small  Dinosaur  which  at  first  sight  exactly  reproduces  in 
miniature  the  characters  of  the  Iguanodon  of  the  Weald ;  but  it 
differs  in  a  character  so  remarkable  that,  had  it  occurred  in  a  living 
animal,  no  hesitation  would  have  been  felt  in  relegating  the  jaw  to 
a  distinct  genus.  Anterior  to  the  teeth,  the  symphysial  extremity 
of  every  Iguanodon-j&w  bends  round  so  that  the  rami  form  a  U- 
shaped  curve  ;  but  this  specimen  is  straight,  and  the  anterior  inward 
inflexion  is  scarcely  appreciable,  so  that  the  snout  was  evidently 
sharply  pointed,  and  therefore  indicative  of  a  new  form  of  head. 
The  fragment  is  little  more  than  1\  centimetres  long,  and  the  tooth- 
bearing  part  of  the  jaw  17  or  18  millimetres;  the  height  at  the 
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posterior  end  to  the  top  of  the  coronoid  process,  which  is  imperfectly 
preserved,  is  3|  centim.  The  external  surface  is  smooth,  rounded 
at  the  base,  with  a  strong  rounded  ridge  descending  from  the  ante- 

rior margin  of  the  coronoid  process,  and  extending  downward  and 
forward  along  the  jaw,  dying  away  in  front,  and  placed  well  above 
the  middle  of  the  side.  Above  this  ridge  the  area  of  the  jaw,  ex- 

tending inward  to  the  alveoli,  is  flattened  almost  horizontally  at 
the  back ;  but  the  area  becomes  more  oblique  anteriorly,  and  undi- 
stinguishable  as  the  ridge  subsides.  Along  its  upper  and  outer 
margin  towards  this  ridge  is  a  series  of  foramina  which  are  elongated 
or  ovate — four  of  them  larger,  and  half-a-dozen  smaller.  The  area 
below  the  ridge  is  flattened  towards  the  posterior  limit  of  the  dentary 
bone ;  anteriorly  it  is  flattened  and  pointed,  being  bevelled  on  the 
inferior  border  for  its  union  with  the  other  ramus,  and  on  the  supe- 

rior border  terminating  in  an  oblique  area,  which  is  compressed  from 
side  to  side  and  channelled  by  a  somewhat  deep  groove.  Whether 
this  groove  is  merely  vascular,  or  whether  it  may  have  contained  a 
few  premaxillary  teeth,  is  a  matter  upon  which  I  have  no  evidence. 
It  is  about  16  millim.  long,  wider  and  deeper  behind  than  in  front, 
and,  as  in  the  Wealden  Iguanodon,  has  the  inner  border  more  ele- 

vated than  the  outer  border.  Below  it  are  three  or  four  vascular 
foramina.  Both  the  inner  and  outer  extremities  of  the  jaw  below 
are  roughened,  and  indicate  that  the  symphysis  was  loose,  but  held 
together  by  ligamentous  union.  As  usual,  the  external  outline  of 
the  bone,  when  viewed  from  above,  is  moderately  convex,  and  its 
thickness  from  within  outward  continues  to  increase  from  before 
backward  almost  to  the  coronoid  process.  The  inner  side,  which  is 
slightly  crushed,  displays  ten  alveoli.  Portions  of  five  or  more  teeth 
are  seen  in  the  jaw;  and  there  are  impressions  of  others  and  empty 
sockets,  indicating  ten  in  all.  The  first  tooth,  which  is  unfortu- 

nately imperfect  (wanting  the  extremity  of  the  crown),  is  remarkable 
for  the  smoothness  of  its  inner  surface,  which,  however,  is  elevated 
into  a  very  strong  median  ridge,  leaving  the  sides  slightly  concave. 
The  serrations  visible  on  the  anterior  margin  are  slight,  and  do  not 
extend  down  the  tooth.  It  is  not  sufficiently  elevated  to  have  come 
into  wear.  All  the  succeeding  sockets  are  empty,  owing  to  the  teeth 
having  dropped  out;  but  most  of  them  show  successional  teeth 
coming  up,  which  have  not  yet  reached  the  level  of  the  outer  alveolar 
margiu.  The  second  and  third  teeth  are  broken  away  on  their  ex- 

ternal part,  and  not  recognizable.  The  fourth  tooth,  also  wanting 
the  extremity  of  the  crown,  still  shows  the  same  enormously  deve- 

loped median  ridge ;  but  external  to  it  are,  on  each  side,  about  half- 
a-dozen  fine  parallel  ridges  which  have  sulcations  behind  them  of 
about  their  own  width.  The  fifth  tooth  only  just  shows  the  top  of 
its  crown  coming  up  low  down  in  the  alveolus.  The  sixth  tooth^is 
the  best  developed,  was  apparently  the  largest,  and  occurs  near  the 
thickest  part  of  the  jaw.  Its  pattern  is  like  that  of  the  last  described  ; 
only  the  strong  median  ridge  or  keel  is  much  sharper,  and  the  lateral 
concavities  deeper,  in  accordance  with  the  width  of  the  tooth.  The 
lateral  ridges  run  up  and  terminate  in  the  sharp  rounded  lanceolate 
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margin,  and  give  it  a  crenulate  appearance,  which  is  due  to  their 
elevation.  The  median  ridge  terminates  in  a  point,  which  is  rounded 
and  does  not  project  beyond  the  tooth-margin.  The  tooth  is  slightly 
displaced,  and  leans  backward  towards  the  seventh  socket.  Low 
down  in  the  seventh  socket  the  crown  of  another  tooth  is  seen.  The 
eighth  socket  is  empty.  The  ninth  socket  has  lost  the  successional 
tooth,  but  displays  the  external  impression,  and  shows  it  to  have 
been  marked  with  a  median  ridge  and  lateral  finer  ridges  somewhat 
radiating  upward.  The  tenth  socket  appears  to  have  been  small ;  it 
is  imperfectly  preserved,  and  there  is  no  evidence  as  to  its  form  or 
character ;  but  a  groove,  which  is  smooth,  is  placed  behind  the  last 
socket  mentioned,  and  just  in  advance  of  the  coronoid  process. 
Hence  these  teeth  appear  to  differ  from  those  of  Iguanodon  in  the 
persistent  development  of  a  powerful  median  ridge  and  in  the  stri- 
ation  of  the  external  surface.  Behind  the  alveolar  border  the  bone 
becomes  squamous  and  thin,  having  overlapped  the  surangular  bone, 
though  there  is  no  trace  of  a  separate  coronoid  element,  from  the 
suture  entering  into  the  coronoid  process.  An  opercular  bone,  or 
its  representative  ossification,  appears  to  have  extended  along  the 
broad  subdentary  groove  at  the  base  of  the  bone  margining  its  upper 
part,  while  the  angular  bone,  if  it  were  distinct  from  the  surangular, 
would  appear  to  have  reached  far  forward  along  the  base  of  this 
groove,  and  to  have  rested  on  a  thin  ledge  of  the  dentary.  The 
submaxillary  groove,  in  its  anterior  third,  becomes  shallow,  but 
persists  to  the  symphysis.  The  region  of  the  symphysis  has  no  defi- 

nite outline. 
Two  separate  teeth,  both  such  as  may  belong  to  this  species,  have 

been  found.  They  are  of  small  size,  and  may  have  belonged  to 
this  individual  specimen.  One  belongs  to  the  lower  jaw,  and  might 
be  the  eighth  tooth  of  the  specimen  described.  The  other  is  an  upper- 
jaw  tooth.  The  tooth  from  the  lower  jaw  (PL  XXVII.  fig.  2)  shows 
that  the  crown  curves  outward  at  a  considerable  angle  to  the  fang :  its 
outer  margin  is  worn,  showing  that  the  teeth  worked  together  with 
a  scissors-like  action,  the  lower-jaw  teeth  being,  as  usual,  internal 
to  those  of  the  upper  jaw.  The  external  surface  is  marked  with 
about  half-a-dozen  primary  ridges  ;  between  these,  in  the  middle  of 
the  tooth,  are  finer  ridges ;  and  across  them  run  transverse  lines  of 
growth.  There  is  no  median  external  ridge.  The  internal  aspect 
of  the  crown  is  essentially  the  same  as  in  the  specimens  described 
in  the  jaw  itself.  The  median  ridge,  however,  is  not  prolonged 
down  the  fang ;  and  hence  there  is  a  slight  constriction  at  the  base 
of  this  ridge;  and  the  elevated  lateral  ridges  sharply  define  this 
side  of  the  crown  from  the  smooth  lateral  areas. 

The  upper-jaw  tooth  (PL  XXYII.  figs.  3,  4)  has  the  crown  simi- 
larly curving  inward  from  the  fang.  The  fang  is  compressed  from 

side  to  side,  so  as  to  give  a  subquadrate  section.  There  is  a  slight 
constriction  between  the  crown  and  the  fang  on  the  outer  or  cutting 
edge,  but  no  constriction  on  the  inner  edge.  The  fang  is  imperfect 
at  the  base ;  but  the  total  length  of  fang  and  crown,  as  preserved,  is 
18  millim.    The  worn  surface  (fig.  4),  like  that  aspect  of  the  tooth 
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itself,  is  convex  from  side  to  side.  The  unworn  part  of  the  crown 
below  is  vertically  striated;  but  the  ribs  are  fainter  than  on  the  lower- 
jaw  tooth.  The  inner  surface  of  the  crown  is  subquadrate,  marked 
with  eight  vertical  ridges,  which  are  moderately  elevated,  stronger 
and  wider  apart  on  one  side  of  the  tooth  than  on  the  other.  The 
height  of  the  crown  is  about  8  millim.,  and  its  width  about  7  millim. 
Its  thickness  at  the  base  is  about  4  millim. 

Parietal  bone  of  a  small  Dinosaur  (probably  Mochlodon). 
(See  Biinzel,  pi.  v.  fig.  11,  p.  14.) 

The  parietal  bone  of  a  small  Dinosaur  (PI.  XXX.  fig.  1),  which  was 
regarded  by  Biinzel  as  a  Lizard,  shows,  as  I  take  it,  the  parieto-frontal 
suture  in  front,  and  an  indication  that  the  postfrontal  bone  was  given 
off  from  the  expanded  anterior  outer  corner,  much  as  in  Iguanodon. 
The  under  and  interior  surface  of  the  bone,  however,  is  much  more 
lizard-like  in  some  respects,  seeing  that  it  did  not  enclose  a  brain- 
case  after  the  pattern  demonstrated  in  Iguanodon,  Hypsilophodon, 
Struthiosaurus,  and  other  genera.  The  bone  was  relatively  thin,  but 
appears  to  have  been  united  by  a  not  very  intimate  suture  to  bone 
below,  which  formed  the  lateral  wall  of  the  brain-case.  The  bone  is 
imperfect  posteriorly,  being  fractured ;  superiorly  it  is  divided  into 
three  areas  : — a  median  triangular  area  with  concave  sides,  which 
becomes  narrower  posteriorly  till  it  disappears  at  about  the  line  of 
fracture  (this  surface  is  slightly  convex  from  side  to  side  in  front) ; 
and  two  lateral  areas  for  the  attachment  of  muscles  working  the 
lower  jaw,  which  converge  posteriorly,  and  in  converging  are  more 
highly  inclined  to  each  other.  Their  superior  limit  is  sharply  de- 

nned by  a  ridge,  which  becomes  elevated  posteriorly,  and  is  appa- 
rently passing  into  a  median  crest,  and  is  also  elevated  anteriorly  at 

the  point  where  the  postfrontal  suture  is  visible.  The  length  of 
the  fragment  is  2  centim. ;  its  width  in  front,  as  preserved,  is  2 
or  3  millim.  more;  its  width  posteriorly  is  \\  centim.  There  is 
no  foramen  parietale.  The  characters  are.  certainly  such  that  the 
bone  might  well  be  referable  to  the  skull  of  a  Lacertilian ;  but  it 
would  be  hazardous  to  determine  absolutely  on  such  evidence  whether 
the  bone  really  pertained  to  Mochlodon  Suessii,  as  is  rendered  pro- 

bable by  its  Iguanodont  form. 

Scapula  {probably  of  Mochlodon). 

The  imperfect  proximal  end  of  a  small  scapula  (PI.  XXYIII.  fig.  1) 
presents  somewhat  Crocodilian  characters.  The  fragment  is  only 
4  centim.  long.  It  shows  the  humeral  articular  surface  and  part  of 
the  sutural  surface  for  the  coracoid.  The  character  which  especially 
distinguishes  it  from  Crocodiles  is  the  extraordinary  lateral  position 
of  the  humeral  articulation,  in  consequence  of  the  sutural  surface  for 
the  coracoid  being  prolonged  beyond  it.  This  articular  surface  is 
2J  centim.  long,  centim.  wide  proximally,  and  narrower  towards 
the  sutural  surface.  The  bone  is  a  little  crushed,  but  was  concave 
from  above  downward,  and  flattened  in  the  antero-posterior  direc- 
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tion.  Hence  the  surface  is  narrower,  more  vertical,  and  more 
elongated,  and  especially  more .  concave  than  in  the  Crocodile ;  but 
there  is  a  slight  angle  rising  as  a  short  ridge  from  the  hinder  exte- 

rior corner  of  the  articulation,  directed  upward  and  forward,  repre- 
sented in  Crocodiles  by  a  similar  fainter  ridge.  Only  the  posterior 

part  of  the  coracoid  suture  is  preserved.  It  makes  an  angle  of  45° 
with  the  humeral  surface  when  seen  from  the  front,  and  an  angle  of 
90°  when  seen  from  the  side.  The  bone  is  narrower  in  front  and 
behind  than  in  the  middle,  where  it  is  12  millim.  thick.  So  much  as 
is  preserved  is  2  j  centim.  long.  Its  external  margin  is  convex ;  the 
internal  margin  appears  to  have  been  straighter.  At  the  angle  above 
its  union  with  the  humeral  surface  there  is  a  small  depression. 
Owing  to  the  fact  that  the  bone  thickens  externally  with  the  humeral 
surface,  the  area  anterior  to  that  surface  is  concave  and  smooth. 
The  concavity  is  directed  obliquely  downward  and  forward.  There 
are  indications  that  the  anterior  margin  of  the  bone  was  deve- 

loped into  an  angular  ridge,  which  may  have  corresponded  with 
that  of  the  Crocodile.  The  visceral  surface  of  the  bone  was  concave 
from  above  downward,  and,  though  crushed,  appears  to  have  been 
flatter  from  side  to  side,  more  rounded  on  the  anterior  margin,  and 
more  compressed  on  the  posterior  margin  about  the  humeral  articu- 

lation than  in  Crocodiles.  The  blade  of  the  bone,  however,  was 
similarly  constricted  at  the  fracture, , where  it  is  less  than  2  centim. 
wide  and  about  1  centim.  thick  as-  preserved,  convex  in  front  and 
flattened  behind.  Though  this  bone  is  on  the  whole  Crocodilian  in 
its  characters,  it  is  also  Dinosaurian,  and  perhaps  makes  the  nearest 
approximation  to  the  scapula  figured  by  Prof.  Marsh  in  the  fore 
limb  of  his  five-toed  Dinosaurian  Camptonotus  dispar. 

Struthtosaurtjs  attstriactts,  Biinzel. 
(See  Biinzel,  pi.  v.  figs.  1-6,  p.  11.) 

The  hinder  part  of  the  skull  of  a  Dinosaur  figured  by  Biinzel  is  some- 
what difficult  to  describe,  on  account  of  the  obliteration  or  obscurity  of 

the  sutures  ;  and  yet  the  anterior  surface  of  the  roof  of  the  brain-case 
is  margined  by  a  well-marked  transverse  suture  limiting  the  front  of 
the  parietal  bone — a  suture  similar  to  that  which  persists  in  the  skull 
of  the  Fowl  long  after  other  sutures  have  become  obliterated  in  the 
hinder  part  of  the  cranium.  The  specimen  certainly  presents  a  remark- 

able resemblance  to  the  back  of  the  skull  of  a  bird ;  but  I  believe  that 
Biinzel  has  attached  more  than  due  importance  to  this  similitude, 
owing  to  the  circumstance  that  the  true  nature  of  the  Dinosaurian 
skull  was  even  less  perfectly  known  when  he  wrote  than  it  is  now. 
He  has  supposed  his  specimen  to  be  more  complete  than,  in  truth, 
it  is,  being  unaware,  or  unmindful,  of  the  evidence  that,  external 
to  the  parietal  bone,  the  Dinosaurian  skull  has  -  an  upper  arch  or 
bar,  like  that  so  common  in  reptiles  and  unknown  in  birds,  and 
that,  as  a  rule,  there  is  also  a  lower  malar  arch,  more  or  less  deve- 

loped, behind  the  orbit ;  and  therefore  it  happens  that  the  bone  which 
he  regarded  as  tympanic  or  quadrate,  and  interpreted  as  Crocodilian, 
is  the  paroccipital  or  opisthotic  of  modern  anatomists,  as,  indeed, 
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was  long  since  appreciated  by  Mr.  Hulke  in  describing  his  skull  of 

Iguanodon*.  Therefore  Bunzel's  Avian  and  Crocodilian  affinities  of 
the  skull  both  fall  to  the  ground,  owing  to  this  fundamental  miscon- 

ception of  its  characters.  Hence  it  appears  to  me  desirable  to  describe 
the  specimen  anew,  in  order  to  render  its  structure  clearer.  The 
specimen  exhibits  superior,  lateral,  inferior,  posterior,  anterior,  and 
cerebral  aspects ;  and  on  each  of  these  I  propose  to  offer  a  few  remarks. 
The  fossil,  as  preserved,  is  63  millim.  broad  behind,  and  5  centim. 
high,  owing  to  the  downward  direction  of  the  occipital  condyle ;  for, 
although  the  skull  obviously  increases  in  height  as  it  passes  forward, 
the  height  from  the  base  to  the  fronto-parietal  suture  is  only  4| 
centim.  The  presphenoid  bone  is  broken  away ;  but  the  length 
from  the  fracture  or  suture  to  the  back  of  the  occipital  condyle  is 
4|  centim.,  and  to  the  back  of  the  supraoccipital  bone  is  5|  centim. 
Superiorly  and  externally  the  cranial  region  is  moderately  convex 
from  side  to  side,  and  also  exhibits  a  slight  convexity  from  front  to 
back  (PI.  XXVII.  fig.  6),  especially  towards  the  outer  borders,  indi- 

cative, I  think,  of  the  parietal  bone  just  reaching  the  margin  of  the 
temporal  fosse  on  the  right  side.  The  surface  of  the  bone  is  rough, 
with  slight  and  irregular  close-set  elevations,  not  so  distinct  as 
those  of  a  Trionyoc,  but  certainly  suggesting  the  surface  that  is 
sometimes  seen  when  the  scutes  are  removed  from  a  Chelonian 
carapace.  There  is  also  a  transverse  furrow  running  across  the 
bone,  rather  behind  its  middle,  nearly  parallel  to  the  convex  posterior 
border,  and  therefore  curving  backward.  The  width  of  this  superior 
surface,  as  preserved,  is  nearly  5|  centim.;  but  then  the  bone  is 
broken  on  both  sides,  though  it  has  become  thin  and  separated  late- 

rally from  the  brain-case.  Its  antero-posterior  extent  in  the  middle 
line  where  greatest  is  just  over  3  centim.  I  have  no  doubt  that 
the  transverse  groove  (PI.  XXVII.  fig.  5)  indicates  the  limit  of  the 
parietal  bone ;  for  the  suture  defining  it  is  seen  on  the  left  side  of  the 
cerebral  surface  and  on  the  external  lateral  surface ;  but  I  cannot 
trace  it  across  the  upper  surface,  and  it  may  be  that  the  suture  is 
obliterated  by  ossification,  consequent  upon  a  scutal  covering.  The 
groove  recalls  those  which  occur  on  the  skulls  of  Lizards  such  as 
Trachydosaurus,  while  the  texture  of  the  bone  is  not  dissimilar ;  and 
hence  it  is  also  possible  that  we  have  here  an  explanation  of  the 
absence  of  sutures,  in  the  circumstance  that  they  are  covered  up  by 
a  layer  of  dermal  ossifications.  The  parietal  bone  at  the  frontal 
suture  (PI.  XXVII.  fig.  6)  is  9  millim.  thick ;  but  at  the  transverse 
groove  the  thickness  is  reduced  to  7  millim.,  owing  to  cerebral  exca- 

vation beneath  it.  The  area  behind  the  groove  terminates  posteriorly 
in  a  margin  which  is  rounded,  but  suggests  the  idea  that  a  plate 
4  millim.  thick  in  the  middle,  and  becoming  thinner  laterally,  was 
superimposed  upon  the  cranial  bones.  This  region  posterior  to  the 
groove  I  suppose  to  be  occupied  by  the  supraoccipital  bone. 

The  posterior  aspect  of  the  skull  is  chiefly  remarkable  for  the 
elevated  border  above  the  foramen  magnum,  which  was  evidently 

*  Hulke,  Quart.  Journ.  Geol.  Soc.  vol.  xxvii.  p.  206. 
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in  somewhat  close  contact  with  the  nenral  arch  of  the  atlas,  and  for 
the  transverse  grooves  and  muscular  rngosities,  which  run  between 
this  border  and  the  slight  groove  denning  the  supposed  cranial  scute. 
Hence  the  back  of  the  skull  is  not  vertical,  like  that  of  some  Croco- 

diles, and  its  superior  margin  is  far  from  being  as  well  rounded  as  in 
very  young  Crocodiles  ;  and  on  the  whole  there  is  nothing  to  call  for 
remark  as  affiliating  this  region  to  what  is  seen  in  either  Crocodiles 
or  Lizards.  The  surface  ascends  somewhat  obliquely,  but  in  two 
terraces ;  that  immediately  above  the  ridge  bordering  the  foramen 
magnum  is  divided  by  it  into  two  lateral  portions.  These  lateral  por- 

tions are  channels  extending  outward  and  downward,  and  widening 
as  they  go.  There  are,  on  each  side  of  the  median  vertical  dividing 
ridge  in  these  channels,  three  large  tubercles.  Above  the  channels, 
and  as  nearly  as  may  be  of  corresponding  size,  is  a  pair  of  convex 
surfaces,  which  are  undistinguishable  in  the  middle  from  the  median 
bar  just  referred  to.  They  are  margined  above  by  the  supposed 
cranial  scute,  and,  as  they  extend  outward,  widen  and  curve  obliquely 
upward ;  and  a  muscular  ridge  appears  dividing  the  outer  part  of 
this  wedge  longitudinally  into  two  nearly  equal  parts.  Hence  the 
pattern  of  the  back  of  the  skull  as  preserved  is  very  like  a  capital 
letter  K  placed  transversely,  so  that  the  two  diverging  limbs  corre- 

spond to  the  ridges  above  the  foramen  magnum.  The  height  from 
the  top  of  the  foramen  magnum  to  the  summit  of  the  back  of  the 
skull  is  2  centim.  The  transverse  width  over  the  supraneural  ridges 
is  4  centim.  The  width  of  each  ridge  at  its  outer  third,  before  its 
upper  border  becomes  concave,  is  9  millim.,  the  upper  margin  extend- 

ing over  the  concave  channel  above  it ;  higher  up  its  width  is  little 
more  than  half.  The  median  connecting  ridge  between  the  two 
transverse  ridges  at  the  back  of  the  head  is  about  12  millim.  wide. 
Though  the  back  of  the  head  as  a  whole  is  convex  from  side  to  side, 
it  is  concave  from  above  downward  in  the  median  line.  The  foramen 
magnum  is  slightly  elliptical,  being  17  millim.  wide  and  about  15 
millim.  high.  The  skull  presents  the  unusual  condition  that  the 
basioccipital  condyle  retreats  below  and  in  front  of  the  upper  border 
of  the  foramen  magnum,  so  that,  placing  the  back  of  the  skull  verti- 

cally, which  puts  the  base  of  the  skull  horizontal,  the  back  of  the 
brain-case  projects  for  a  centimetre  behind  the  basioccipital  condyle. 
The  areas  at  the  outer  and  upper  corners  of  the  occipital  condyle 
are  concavely  notched,  and  at  first  convex  from  side  to  side,  but 
more  flattened  as  they  pass  outward  and  upward.  The  depth  from 
the  back  of  the  skull  to  the  base  of  the  occipital  condyle  is  4  centim. 

The  base  of  the  skull,  as  preserved,  is  triangular,  5-J  centim. 
from  the  hinder  border  of  the  foramen  magnum  to  the  front  of 
the  basisphenoid,  or  a  fracture  in  front  of  the  sella  turcica.  The 
hinder  border  of  the  triangle  is  convex,  and  the  lateral  border  is 
concave,  though  all  the  borders  are  irregular.  There  is  no  sutural 
distinction  between  the  basioccipital  and  basisphenoid,  any  more 
than  between  the  basioccipital,  exoccipitals,  and  supraoccipital  bones. 
The  basioccipital  condyle  probably  is  formed  to  some  extent  by  the 
exoccipital  bones,  much  as  in  the  Crocodile,  since  foramina  occur 
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some  little  distance  in  advance  of  the  basioccipital,  which  may  be 
presumed  to  penetrate  the  exoccipital  bones  and  give  passage  to  the 
pneumogastric  and  hypoglossal  nerves.  The  occipital  condyle  is 
well  rounded  ;  but  its  outline  is  sub  trapezoidal ;  its  greatest  width  in 
the  upper  third  is  2  centim.,  its  greatest  depth  16  millim.  The 
under  surface  is  deeply  channelled,  so  that  the  thickness  of  the  bone 
behind  the  articular  surface  is  one  millim.  The  region  in  front  of 
the  occipital  condyle  is  about  3|  centim.  long,  fairly  smooth,  but 
concavely  excavated  in  the  middle,  both  in  length  and  breadth,  rising, 
however,  to  a  rounded  margin  at  the  sides  internal  to  the  lateral 
foramina.  The  width  across  the  pneumogastric  foramina  is  3  centim. 
The  lateral  margin  of  the  triangle  is  divided  by  a  median  convexity 
into  two  concavities :  the  shorter,  in  front,  is  about  2  centim.  long ; 
and  the  longer,  behind,  is  a  little  more;  while  posterior  to  this,  on  the 
left  side,  is  a  surface  which  appears  to  have  been  laterally  sutural 
and  nearly  vertical,  while  a  suture  on  the  opposite  side  shows  that 
the  upper  part  of  this  mass  consists  of  a  small  bone,  which  readily 
comes  away.  Hence  I  interpret  the  lateral  masses  of  bone  external 
to  the  foramen  magnum  as  being  the  exoccipital  bones,  as  in  Croco- 

diles, while  the  small  bone  above  the  outer  border  of  the  exoccipital 
is  the  paroccipital  of  Owen ;  and  I  suppose  the  exoccipital  to  extend 
forward  so  as  to  form  the  side  of  the  wall  of  the  brain-case ;  so  that 
no  portion  of  the  posterior  lateral  structure  preserved  can  be  the 
quadrate  bone,  as  supposed  by  Biinzel,  and  hence  the  analogy 
attempted  to  be  made  out  in  this  region  of  the  skull  with  the 
Crocodile  can  have  no  foundation. 

I  would  next  note  the  characters  of  the  lateral  aspect  of  the  skull. 
(PI.  XXYII.  rig.  5).  Here  all  the  bones  which  are  connected  with 
the  roof  of  the  brain-case  are  more  or  less  broken,  and  the  bones  have 
disappeared  which  formed  the  external  suspensory  arch  for  the  lower 
jaw,  so  that  nothing  remains  but  the  internal  part  of  the  head, 
which  may  be  likened,  perhaps,  to  that  of  a  Crocodilian  type  in 
which  neither  were  the  quadrate  bones  blended  with  its  lateral  walls 
nor  the  pterygoid  bones  connected  with  its  base.  I  fail  altogether 
to  recognize  a  Lizard-like  type,  although,  as  at  present  used,  the 
term  Lizard  is  almost  large  enough  to  include  any  thing.  Forms 
like  Amjohisbcena,  which  have  the  quadrate  bone  firmly  wedged  into 
the  skull  and  no  trace  of  either  of  the  postorbital  arches,  might  well 
be  regarded  as  a  distinct  ordinal  type  ;  and  there  are  some  Dinosaurs 
towards  which  the  structures  of  the  hinder  part  of  such  a  brain-case 
somewhat  approximates  ;  but  the  cranial  bones  in  ordinary  Lizards, 
like  Iguana,  form  a  part  of  the  skull  that  is  very  imperfectly  con- 

nected with  its  roof,  and  very  different  from  the  structure  seen  in 
Crocodiles  and  Dinosaurs,  though  other  Lizards,  like  Cnemidophoras 
for  instance,  have  a  better  union  between  the  brain-case  and  the 
surrounding  bones ;  but  I  do  not  recall  any  type  of  Lizard  that  so 
far  corresponds  in  the  characters  of  the  bones  covering  the  brain 
with  what  is  seen  in  Dinosaurs  as  to  justify  us  in  affirming  that  this 
skull  is  lacertilian.  Turning  our  attention  first  to  the  basal  part  of 
the  brain-case,  it  will  be  seen  that  the  articular  head  of  the  basiocci- 
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pital  is  directed  almost  vertically  downward,  showing,  I  think,  that 
the  head  must  have  been  carried  upon  the  neck  as  in  Deer,  Kangaroos, 
and  other  animals  in  which  the  position  of  the  neck  is  vertical.  The 
part  of  the  basioccipital  posterior  to  the  sella  turcica  is  flattened  on 
its  cranial  surface,  gently  concave  from  side  to  side,  with  a  slight 
median  ridge.  Then  at  a  distance  forward  of  about  3  centim.  from 
the  occipital  condyle,  the  brain-case  thickens  from  below  upward, 
but  does  not  present  the  cup- shaped  depression  seen  in  Crocodiles 
and  many  birds,  though  its  edge  is  obviously  destroyed  by  fracture, 
and  must  have  extended  some  millimetres  higher  than  the  13  milli- 

metres preserved.  At  the  border  of  this  ridge,  on  each  side,  is  a 
large  perforation  for  the  second  nerve.  The  inner  and  anterior  wall 
of  the  perforation  is  broken  away  ;  and  the  transverse  width  between 
the  outer  walls  of  these  foramina  is  2  centim.  Below  these  foramina, 
and  extending  forward,  are  several  others.  First,  on  the  right  side 
is  a  large  foramen  that  runs  obliquely  outward  and  forward,  pene- 

trating into  the  brain-case.  On  the  opposite  side,  instead  of  one 
large  foramen,  there  appear  to  be  two,  divided  by  a  considerable 
intervening  piece  of  bone.  I  have  no  doubt  that  this  foramen  gives 
passage  to  the  fifth  nerve.  On  the  left  side  it  is  prolonged  backward 
and  outward  in  a  horizontal  groove ;  and  although  there  is  a  groove 
on  the  right  side,  and  though  it  is  smaller  and  shallower,  it  does  not 
impress  the  margin  of  the  bone.  In  advance  of  this  foramen,  and 
below  the  sella  turcica,  in  the  anterior  concavity  of  the  bone,  are 
two  other  foramina,  which  appear  to  be  vascular.  The  anterior  one, 
owing  to  fracture,  is  seen  on  the  left  side  to  curve  obliquely  down- 

ward and  forward,  and  open  upon  the  base  of  the  skull.  Between 
the  outlets  of  these  foramina,  in  the  median  line,  is  a  portion  of  a 
conical  foramen,  the  anterior  wall  of  which  is  removed  by  the 
fracture. 

The  vertical  fracture  of  the  sphenoid  (PI.  XXVII.  fig.  6),  where  it 
terminates,  is  triangular,  2  centim.  wide,  and  about  as  high,  the  sides 
being  compressed  so  as  to  meet  superiorly  in  a  crest  which  rises  in  front 
of  the  pituitary  fosse,  as  in  some  birds,  and  not  at  all  as  in  Crocodiles. 
Its  walls  are  concave  at  the  sides ;  and  posteriorly  a  slight  longi- 

tudinal ridge  rises,  which  becomes  directed  at  an  angle  inward  and 
upward  to  the  ridge  bordering  the  pituitary  region  behind.  The  pit 
for  the  pituitary  body  is  about  12  millim.  long  and  9  millim.  wide, 
is  concave  from  side  to  side,  and  margined  by  a  sharp  elevated  ridge. 
Its  anterior  part  is  overhung  by  the  process  of  the  sphenoid,  which 
rises  above  it.  The  posterior  portion  of  the  lateral  aspect  of  the 
skull  consists  of  a  small  superior  area,  subtriangular,  formed  appa- 

rently partly  of  the  parietal  and  partly  of  the  supraoccipital  bones. 
It  is  a  smooth  internal  surface  below  the  fractured  roof  of  the  brain- 
case,  directed  obliquely  outward,  downward,  and  forward,  and 
traversed  by  a  groove  which  probably  indicates  a  suture  between 
the  two  bones.  The  posterior  border  is  a  sharp  knife-edge,  concave 
from  before  backward.  Under  this  edge  a  deep  excavation  extends, 
penetrating  to  within  half  a  centimetre  of  the  brain-case.  The  ex- 

cavation is  smoothly  concave,  extends  longitudinally,  and  is  pro- 
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longed  backward  and  outward  above  the  otic  bones  ;  but  the  sur- 
face is  prolonged  obliquely  outward  and  downward,  so  as  to  form  a 

smooth  quadrate  area,  which  rounds  towards  the  base  of  the  skull, 
and  terminates  backward  on  the  left  side,  where  best  preserved,  in 
a  vertical  lunate  surface,  convex  behind  and  concave  in  front,  formed 
by  the  exoccipital  and  otic  bones.  In  front  these  spaces  slightly 
converge,  especially  below  and  above  ;  and  behind  the  middle  there 
is  a  foramen  a  millimetre  or  two  in  diameter,  apparently  largest  on 
the  left  side,  but  smaller  than  might  have  been  expected  if  it  is  the 
entrance  to  the  auditory  chamber,  which  probably  lies  in  the  depres- 

sion above  it.  From  the  lateral  lunate  surface  to  the  inner  wall  of 

the  brain-case  above  the  occipital  condyle  is  2\  centim. 
Finally  there  remains  the  interior  cavity  of  the  skull  which  held  the 

brain  (PI.  XXVII.  fig.  6).  This  does  not  present  any  great  contraction 
in  the  auditory  region.  Its  extreme  width  behind  is  17  millim.,  where 
the  auditory  bones  bulge  inward  after  the  manner  of  Crocodiles.  The 
transverse  width  of  the  brain- case  is  thus  reduced  to  13  millim. ;  but 
at  the  same  time  its  height  increases  from  14  millim.  behind  to  about 
2\  centim.  in  the  region  of  the  auditory  prominences,  though  the 
extreme  height  of  the  brain-case  is  somewhat  in  advance  of  this 
point,  where  it  becomes  3  centim.  The  width  continues  to  increase 
from  behind  forward  to  the  parieto-frontal  suture.  It  is  greatest 
in  the  upper  third  of  the  outline  of  the  brain,  where  it  amounts  to 
22  millim.  A  bone  which  in  a  bird  might  be  regarded  as  the  ali- 
sphenoid,  which  lies  above  the  sphenoid,  appears  to  meet  the  parietal 
and  exoccipital  by  a  well-defined  suture,  visible  externally  and  in- 

ternally, and  running  obliquely  downward  and  backward.  It  is 
difficult  to  speak  with  confidence  of  the  limit  of  this  bone  on  the 
external  surface,  since  as  it  extends  backwards  it  is  only  preserved 
on  the  left  side.  The  suture  from  which  it  has  come  away  is  well 
defined  on  the  right  side.  Its  anterior  border  is  sharp ;  and  the 
external  surface  is  concave  from  within  and  outward.  This  sharp 
border  appears  to  show  that  in  this  Dinosaur  the  brain-case  was  not 
completely  closed  in  front  in  the  middle  line.  Anterior  to  the 
highest  point  of  the  upper  wall  of  the  brain-case,  which  lies  under 
the  transverse  scute-like  groove  crossing  the  external  surface,  the 
bone  makes  an  angular  bend  forward;  but  though  there  are  many 
little  irregularities  of  outline  in  the  internal  surface,  there  is  nothing 
so  important  as  the  bending  inward  and  downward  of  the  lower 
part  of  the  alisphenoids,  which  must  have  made  the  transverse 
section  of  the  cerebrum  nearly  circular  at  the  parieto-frontal 
sutures. 

Imperfect  as  this  description  is,  it  will  suffice  to  show  that  we 
have  here  a  Dinosaur  of  a  type  so  different  from  that  indicated  by 
the  skull  referred  by  Mr.  Hulke  to  Ic/uanodon,  as  only  to  be  classed 
in  a  separate  suborder ;  and  if  the  base  of  a  skull  figured  by  myself 
under  the  name  Craterosaurus  be,  as  I  believe,  also  Dinosaurian, 
that  also  indicates  a  subordinal  type,  and  is  totally  distinct  from 
either  of  the  others.  These  great  differences  of  skull-structure  lead 
me  to  suspect  that  the  Dinosauria  are  a  far  more  important  group 
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than  has  hitherto  been  suspected  *;  and  it  may  well  be  that  different 
genera  present  modifications  which  affiliate  representatives  of  the 
group  towards  Crocodiles  on  the  one  hand  and  birds  on  the  other. 
But  I  cannot  believe  that  any  order,  however  homogeneous,  could 
have  spanned  the  interval  between  the  Crocodile  and  the  bird, 
though  there  can  be  no  doubt  that  this  skull  of  Struthiosaurus  makes 
a  nearer  approach  towards  the  bird  than  does  the  skull  of  any  living 
reptile  ;  its  differences  from  the  bird-skull  are  precisely  those  which 
distinguish  it  from  the  Crocodile,  little  as  we  know  or  can  infer  con- 

cerning the  suspensory  arches  for  the  lower  jaw.  In  the  base  of  the 
skull  not  being  covered  with  pterygoids  there  is  a  notable  difference 
from  Crocodiles  of  the  surviving  type ;  but  then  the  base  of  the  skull 
is  not  bird-like,  any  more  than  it  is  like  that  of  any  other  animal. 
It  is  one  of  the  most  distinctive  points  of  the  Dinosaurian  skeleton. 

It  would  be  desirable  to  compare  this  specimen  with  other  Cretaceous 
genera ;  but,  with  the  exception  of  Acanthopliolis,  none  of  these  have, 
as  yet,  yielded  any  evidence  of  the  brain-case.  One  fragment,  found  at 
Folkestone  at  the  base  of  the  Chalk  with  the  remains  of  the  Acantho- 
pholis  horridus,  is  briefly  referred  to  by  Prof.  Huxley ;  and  on  in- 

spection it  proves,  though  clearly  allied,  to  belong  to  a  different  genus, 
a  fact  that  will  be  best  demonstrated  by  a  description  of  the  specimen 
and  comparison  of  the  figures  (PI.  XXVII.  figs.  6  &  8  and  5  &  7). 

Note  on  the  Base  oe  the  Skull  oe  Acanthopliolis  horridus,  Huxley. 

Professor  Huxley's  account  of  the  skull  of  Acanthopliolis  is  so 
brief  that  it  would  be  difficult  to  be  sure  from  it  of  the  identity  of 
the  specimen,  especially  since  Prof.  Huxley  describes  characters 
which  we  are  now  unable  to  recognize,  though  it  is,  of  course, 
possible  that  the  specimen  is  in  a  less  perfect  condition  than  when 

originally  noticed.  I  therefore  reproduce  Prof.  Huxley's  original 
remarks  (Geol.  Mag.  1867,  vol.  iv.,  Huxley  on  Acanthopholis  horridus, 
p.  66). 

"  Of  the  skull  I  possess  only  a  very  much  mutilated  fragment, 
showing  the  basioccipital  and  basisphenoid.  The  occipital  condyle 
measures  1*4  transversely,  or  has  about  the  same  diameter  as  that 
of  the  skull  of  a  Crocodilus  hiporcatus  which  measures  16  inches  in 
length  from  snout  to  occiput.  But  it  is  more  elongated  transversely 
and  excavated  above  than  in  the  Crocodile,  and  the  exoccipitals 
enter  more  largely  into  its  composition.  The  Crocodilian  disposi- 

tion of  the  Eustachian  tubes  is  absent ;  and  the  carotids  run  up  the 
side  of  the  basisphenoid  in  Lacertilian  fashion.  The  sella  turcica  has 

a  well-developed  posterior  plate." 
This  fragment  (PI.  XXVII.  figs.  7  &  8)  comprises  the  base  of  the  skull, 

and  includes  the  basioccipital  and  basisphenoid,  which  are  completely 
ankylosed,  and  give  no  indication  whatever  of  suture.  I  am  similarly 
unable  to  detect  any  sutural  evidence  of  the  exoccipital;  nor  can  I  re- 

cognize the  basioccipital  condyle,  which  I  believe  to  have  been  directed 

*  Professor  Marsh,  since  this  was  written,  has  published  a  classification  of 
American  Dinosaurs  (Amer.  Journ.  Sc.  vol.  xxi.  p.  423). 
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downward,  and  to  have  been  largely  removed  by  attrition,  so  that  no 
idea  can  now  be  formed  of  its  relative  depth.  The  presphenoidal  part 
of  the  specimen  is  broken  away  and  terminates  anteriorly  in  a  trian- 

gular transverse  fracture  (fig.  8).  The  base  of  the  skull,  as  preserved, 
is  5-|  centim.  long.  In  the  middle  it  is  4  centim.  wide,  but  narrows 
posteriorly  to  the  region  of  the  condyle,  where  the  bone  is  33  millim. 
wide.  Anteriorly  it  also  appears  to  contract  a  little  ;  but  at  both 
ends  the  external  white  film  of  bone  has  scaled  off,  leaving  the  dark 
phosphatic  substance  below — a  condition  reminding  one  curiously 
of  the  pale  and  dark  mineralization  of  bones  in  the  Cambridge  Green- 
sand.  This  inferior  region  is  concave  in  length,  with  a  rounded 
median  ridge,  and  lateral  concavities  on  each  side  of  it  in  the  middle. 
Posterior  to  the  middle  area  the  bone  is  fractured  interiorly  for  a 
length  of  2\  centim. ;  and  this  fracture  I  suppose  to  have  removed 
the  lower  half  and  characteristic  form  of  the  occipital  condyle. 

The  basioccipital  bone  (PI.  XXVII.  fig.  7)  terminates  posteriorly  in  a 
mass  which,  as  preserved,  is  convex  below  and  concave  above,  so  as  to 
have  a  crescent  outline,  and  is  also  moderately  convex  from  side  to  side. 
Above  it  is  the  brain-case,  which  certainly  extended  somewhat  further 
backward  than  the  present  limits  of  the  occipital  condyle,  as  is  shown 
by  the  form  and  character  of  the  lateral  walls.  The  superior  surface, 
however,  of  the  occipital  bone  appears  to  curve  convexly  downward 
as  it  extends  backward ;  and,  as  preserved,  the  bone  is  little  over 
1  centim.  deep,  and  about  3  centim.  wide  at  the  origin  of  the  con- 

dyle, which  is,  as  usual,  defined  by  a  lateral  constriction  that  can 
only  be  detected  by  careful  examination,  and  is  some  distance  pos- 

terior to  the  lateral  notches  on  each  side  of  the  base  of  the  brain- 
case. 

The  cranial  cavity  (fig.  8)  is  imperfectly  defined,  because  there  is  no 
portion  of  the  roof  of  the  brain-case  preserved,  and  its  lateral  walls 
are  imperfect.  It  is  evident,  however,  that  it  is  higher  than  wide ; 
the  posterior  width  in  the  region  of  the  foramina  for  the  hypoglossal 
nerves  is  28  millim.,  while  the  height  appears  to  have  been  not  less 
than  about  4  centim.  On  the  right  side  a  part  of  the  inner  wall  of 
the  brain-case  is  exposed,  showing  that  it  is  smooth,  bulges  inward 
a  little  in  the  auditory  region,  and  is  inclined  a  little  inward  as  it 
extends  upward.  On  the  left  side  the  bone  is  fractured,  so  as  to 
show  that  the  hinder  wall  of  the  brain  in  the  auditory  region  is  2 
centim.  thick,  and  extends  outward  transversely  at  a  little  higher 
level  than  the  base  of  the  skull.  It  shows  a  horizontal  semicircular 

canal,  which  extends  from  the  wall  of  the  brain-case  outward  and 
forward  for  a  length  of  about  1^  centim.,  as  exposed,  and  is 
about  |  centim.  wide.  The  curve  cannot  be  followed  round ;  nor 
can  its  relations  to  the  other  semicircular  canals  be  definitely  made 
out. 

Along  each  side  of  the  floor  of  the  brain-case,  and  under  the 
transverse  jutting  of  its  lateral  walls,  which  extend  out  horizontally 
behind,  is  a  row  of  foramina  which  extends  in  a  curve,  just  sepa- 

rated from  each  other  by  bony  interspaces.  Six  are  visible  on  the 
left  side ;  on  the  right  side  there  were  certainly  five,  and  may  have 
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been  six  (fig.  7).  These  foramina  are  different  from  those  of  Struthio- 
saurus  or  Iguanoclon,  and  furnish  a  marked  character,  defining  Acan- 
thopholis.  It  may  be  difficult  to  correlate  them  with  the  foramina  in 
the  back  of  the  skull  of  a  Crocodile ;  but  since  those  perforations  are, 
for  the  most  part,  in  the  exoccipital  bones,  and  extend  downward  at 
the  back  of  the  skull,  it  is  obvious  that  we  have  here  in  the  longitu- 

dinal arrangement  something  more  nearly  paralleled  by  Lizards,where 
the  twelfth,  eleventh,  tenth,  eighth,  fifth,  and  second  nerves  are  given 
off  in  more  or  less  longitudinal  series.  The  hindermost  foramen 
may  be  referred  to  the  hypoglossal  nerve,  the  next,  perhaps,  to  the 
pneumogastric  nerve,  then  perhaps  a  vascular  foramen.  The  two 
hinder  foramina  are  much  smaller  than  the  third ;  and  the  third 
foramen  may  probably  be  for  the  eighth  nerve ;  the  fourth  is  sma]l ; 
the  fifth  is  so  large  that  it  might  well  correspond  to  the  fifth  nerve. 
The  anterior  direction  of  the  sixth  makes  it  probable  that  we  have 
here  the  foramen  for  the  optic  nerve ;  for  though  it  is  somewhat 
smaller  than  might  have  been  expected,  it  is  given  off  from  the  most 
anterior  part  of  the  side  of  the  brain-case  behind  the  sella  turcica. 

The  anterior  extremity  of  the  basisphenoid  is  massive  and  wedge- 
shaped,  broken  away  on  the  compressed  inferior  lateral  margins,  as 
well  as  in  the  front.  A  strong  vertical  plate  rises  in  the  middle,  so 
as  to  form  the  anterior  border  of  the  brain-case  (fig.  8).  The  upper 
margin  is  3|  centim.  above  the  base  of  the  skull,  and  it  is  nearly 
2  centim.  behind  the  anterior  fragment  of  the  basisphenoid  preserved. 
This  plate  therefore  seems  to  me  to  be  exactly  in  the  position  of  the 
posterior  border  of  the  sella  turcica ;  but  if  so,  the  anterior  border, 
such  as  is  seen  in  Struthiosaurus  (figs.  6,  5),  is  entirely  broken  away. 
What  remains  of  the  sella  turcica  is  a  concave  base  in  front  of  the 
plate,  terminating  anteriorly  in  two  diverging  concave  streaks  of 
bone-surface,  which  probably  represent  the  channels  of  the  caro- 

tids (fig.  8).  They  extend  downward  and  outward,  making  an  angle 
of  90°  with  each  other,  and  do  not  appear  to  reach  forward.  On 
each  side  of  the  posterior  plate  of  the  sella  turcica  there  is  a  con- 

cave notch  in  the  skull-wall. 
The  skull  diverges  so  far  from  both  the  Crocodilian  and  Lacertian 

types  that  it  may  be  as  well  to  recognize  it  as  equally  distinct  from 
both.  It  resembles  Struthiosaurus  in  the  downward  direction  of 
the  occipital  condyle,  in  the  extension  of  the  lateral  wall  of  the 
brain-case  posterior  to  the  condyle,  in  the  transverse  horizontal  ex- 

pansion of  the  exoccipital  region  in  front  of  the  occipital  condyle, 
in  the  massiveness  of  the  bone  in  the  auditory  region,  and  in  the 
grouping  of  the  foramina,  so  that  the  posterior  three  are  inferior, 
while  the  anterior  three  have  a  more  anterior  and  lateral  position : 
but  the  convex  form  of  the  base  of  the  occipital  bone,  the  immense 
thickness  of  the  basisphenoid  bone,  are  matter  for  distinction,  as  is 
the  form  of  the  alisphenoid  in  Aeanihopholis.  The  resemblances, 
however,  are  so  remarkable  as  to  show  that  these  two  genera  are 
near  allies ;  and  though  we  cannot  infer  with  certainty  the  roof  of 
the  brain-case  of  AcanthopJiolis  from  that  of  Struthiosaurus,  or  the 
teeth  of  Struthiosaurus  from  those  of  Acanthopholis,  yet  they  seem  to 
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me  to  show  that  Struthiosaurus  was  probably  a  Scelidosaurian,  and  to 
open  up  a  suggestive  possibility  of  its  claim  to  the  jaws  and  teeth 
which  have  a  Scelidosaurian  character.  Euture  researches  may 
possibly  demonstrate  it  to  be  the  skull  of  Cratceomus ;  but  as  the 
back  of  the  skull  of  Struthiosaurus  is  so  different  from  that  of  Sceli- 
dosaurus,  I  have  not  felt  justified  in  adopting  such  a  view. 

Crat^omus. 

The  dermal  armour  of  this  genus  presents  a  remarkable  resem- 
blance to  that  of  the  Scelidosaurian  Dinosaurs.  The  large  supra- 

vertebral  scutes  of  the  caudal  region  are  compressed,  and  terminate 
upward  in  a  sharp  knife-like  edge.  They  are,  perhaps,  more  like 
the  similar  scutes  of  Scelidosaurus  than  those  of  Acanthopholis.  The 
flat  dorsal  scutes  which  were  carried  on  the  ribs  were  also  keeled ;  but 
the  keel  was  relatively  lower,  and  the  plates  were  more  or  less  ovate. 
This,  too,  is  a  character  paralleled  in  Scelidosaurus ;  but  there  are 
also  scutes  without  any  ridge  at  all,  and  marked  with  deep  vas- 

cular grooves.  These  I  regard  as  probably  ventral.  Coming  probably 
from  the  region  of  the  shoulders  are  two  remarkable  scutes  which 
are  quite  unlike  any  thing  at  present  figured.  These  plates,  which 
are  excavated  on  the  underside,  terminated  in  a  sharp  spine  at  each 
end ;  and  the  middle  of  the  scute  bore  upon  its  surface  a  number  of 
conical  ossifications,  which  have  much  the  appearance  of  a  group  of 
limpets  packed  close  together.  These  ossifications  have  exactly  the 
appearance  of  the  scutes  of  Hylceosaurus,  so  much  so  as  to  suggest  a 
doubt  whether  the  armour  hitherto  referred  to  Hylceosaurus  may 
not  be  unankylosed  scutes  separated  from  the  plate  which  carried 
them,  and  really  referable  to  Polacanthus,  in  which  Mr.  Hulke  has 
found  an  armour  closely  approximating  to  that  seen  in  this  genus. 
Finally,  there  is  a  scute  bearing  a  bone  exactly  like  the  horn-core 
of  an  ox ;  this  I  am  also  disposed  to  refer  to  the  fore  quarters.  The 
distinctive  features  of  this  armour  are  the  sharpness  of  the  caudal 
scutes  and  the  form  and  patelloid  incrusting  of  the  cervical  scutes ; 
but  in  other  characters  it  approximates  to  the  genera  already 
named. 

The  vertebral  column  is  remarkable  for  the  forward  extension  of 
the  neural  arch  in  the  neck  and  the  deep  gap  between  the  anterior 
and  posterior  zygapophyses,  the  shortness  of  the  neural  spine,  and 
the  biconcave  form  of  the  vertebrae,  while  the  dorsal  vertebrae  are 
remarkable  for  the  great  strength  of  the  ridge  below  the  transverse 
processes,  the  distinctness  of  the  facets  to  which  the  ribs  were  arti- 

culated, and  the  broad  rounded  base  to  the  vertebrae.  The  caudal 
vertebrae  have  somewhat  the  form  characteristic  of  Acanthopholis, 
having  a  groove  in  the  middle  line  of  the  base  ;  but  the  single  lateral 
ridge  is  a  point  of  distinction,  though  the  vertebrae  were  obviously 
nearly  allied  to  those  of  that  genus.  The  ribs,  in  having  the  superior 
margin  flattened  and  widened  to  a  greater  extent  than  the  depth  of 
the  bone,  present  a  character  that  is  found  in  all  reptiles  which 
carried  heavy  armour,  but  is  especially  characteristic  of  this  form, 
though,  according  to  Mr.  Hulke,  met  with  also  in  Polacanthus.  The 



638 PEOF.  H.  G.  SEELEY  OX  THE  EEPTILE 

fragments  of  jaw  with  the  teeth,  if  rightly  referred  to  this  genus, 
present  a  character  similar  to  that  of  PriodontognatJius,  Scelidosaurus, 
and  AcanthojiJiolis ;  but  while  nearly  resembling  Scelidosaurus,  the 
tooth-structure  is  distinctive  in  the  character  of  the  serrations,  just 
as  the  lower  jaw  is  distinctive  in  its  angularity  and  vascular  foramina. 
But  it  is  the  limb-bones  which  best  define  Cratceomus.  The  scimitar- 
shaped  scapula,  with  its  powerful  acromion  process,  is  altogether 
distinctive,  while  what  remains  of  the  coracoid  appears  to  indicate 
an  equally  unusual  form.  The  humeri  are  remarkably  powerful,  and 
indicate  an  animal  strong  in  its  fore  limbs,  evidently  a  quadruped, 
and  therefore  presumably  carnivorous,  since  the  herbivorous  forms 
have  the  fore  limbs  feebly  developed.  The  humerus,  with  a  general 
resemblance  to  that  of  Anoplosaurus,  is  far  more  robust.,  and  indicates 
a  heavier  animal :  no  bone  anterior  to  the  humerus  is  known.  The 
femur  is  distinguished  from  that  of  the  Iguanodonts  by  wanting  the 
separate  external  trochanter  at  the  proximal  end.  It  has  the  arti- 

cular ends  powerfully  developed,  and,  perhaps,  most  closely  resembles 
in  general  form  that  of  Gryptosaurus  eumerus  of  the  Oxford  clay.  The 
tibia  is  remarkable  for  the  extremely  compressed  form  and  forward 
development  of  the  cnemial  crest.  The  fibula,  so  far  as  preserved, 
is  very  like  the  fibula  of  a  bird,  and  bears  a  similar  relation  of  size 
to  the  tibia.  The  metatarsal  and  phalangial  bones,  if  belonging  to 
this  genus,  rather  indicate  a  flattened  foot,terminating  in  claws  which 
were  broad  rather  than  sharp.  Taken  as  a  whole,  far  more  difference 
from  Cratceomus  is  found  in  described  genera  in  the  structure  of  the 
internal  skeleton  than  would  have  been  inferred  from  either  the 

armour  or  the  teeth  ;  and  it  is  quite  possible  that  the  armour,  espe- 
cially in  Dinosaurs,  may  have  undergone  as  little  change  as  the 

feathers  of  birds  or  scales  of  lizards,  so  as  to  be  common  to  several 
families. 

Mandibles  and  Teeth  probably  referable  to  Crataeomus. 
Three  fragments  of  the  anterior  extremities  of  Dinosaurian  lower 

jaws  have  been  found  which  indicate  two  species,  though  the  re- 
mains are  so  fragmentary  that  they  cannot  be  defined  with  the 

detailed  accuracy  which  is  desirable.  Both  specimens  are  of  about 

the  same  size,  and  belong  to  a  genus  which  is '  closely  related  to 
Priodontognathus.    I  will  describe  the  more  perfect  specimen  first. 

This  species  is  represented  by  a  dentary  bone  (PI.  XXYII.  figs.  9, 
10),  the  anterior  extremity  of  which  is  unfortunately  not  preserved  ; 
nor  is  the  fragment  complete  on  the  hinder  or  lower  border,  though 
it  probably  gives  indications  of  the  whole  of  the  teeth.  The  alve- 

olar border  is  bent  in  a  sigmoid  flexure  (fig.  9) ;  and  the  bone  itself  is 
bent  so  as  to  present  a  flattened  lower  part  at  right  angles  to  the  upper 
part  of  the  side  behind,  but  sloping  more  and  more  outward  in  front. 
The  lateral  contour  of  the  alveolar  border  is  convex,  rising  higher  in 
the  middle  and  descending  to  near  the  level  of  the  base  ;  it  has 
a  width  of  about  6  centimetres.  As  usual  with  Dinosaurs,  it  is 
higher  on  the  external  than  on  the  internal  margin.  The  teeth 
were  placed  in  sockets  defined  and  separated  by  narrow  bony  inter- 
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spaces.  The  sockets  were  circular,  and  indicate  larger  teeth  in  the 
fore  part  of  the  jaw  than  in  the  hind  part.  The  alveoli  for  twenty 
teeth  are  shown  (fig.  9)  ;  they  did  not  reach  to  the  extremity  of  the 
jaw ;  nor  apparently  was  there  any  bony  union  between  the  rami ;  but 
the  small  fragment  anterior  to  the  termination  of  the  alveolar 
margin  is  broken  away.  The  length  of  the  alveolar  margin  is 
about  8  centimetres  ;  and  the  extreme  length  of  the  fragment  is 
under  9  centimetres.  The  internal  aspect  of  the  jaw  has  at  its 
base  a  deep  groove,  which  widens  from  before  backward,  and 
passes  close  to  the  base  of  the  jaw  (fig.  9),  though  it  appears 
to  slightly  ascend,  and  no  doubt  lodged  the  opercular  bone. 
The  basal  margin  below  this  groove  is  rounded ;  the  surface  above 
the  groove  is  smooth,  and  forms  an  obliquely  twisted  area,  which 
maintains  a  depth  of  about  1^  centimetre,  so  far  as  it  is  preserved. 
It  is  very  slightly  convex  in  length,  but  concave  from  above  down- 

wards, the  concavity  increasing  forward  owing  to  the  increasing 
twist  in  the  bone.  The  depth  of  the  jaw  at  the  first  alveolus  is 
18  millimetres.  At  the  tenth  alveolus  it  is  nearly  2  centimetres  ; 
but  the  depth  cannot  be  given  further  back,  as  the  base  of  the  jaw 
is  broken  away.  The  hinder  part  of  the  inner  alveolar  border  shows 
indications  of  a  squamous  bone  having  come  awey.  This  would  pre- 

sumably be  part  of  the  opercular  bone. 
The  external  surface  (fig.  10),  as  already  remarked,  is  traversed, 

at  least  in  part,  by  a  strongly  elevated  ridge,  which  inclines  a  little 
downwards  as  it  extends  forward,  and  dies  away  towards  the  anterior 
end.  The  surface  below  this  ridge  is  flattened,  but  very  slightly 
convex  from  above  downwards,  and,  so  far  as  preserved,  is  straight. 
It  shows  a  few  deep  narrow  vascular  grooves  and  markings  for 
vessels.  The  superior  part  of  the  side  is  obliquely  twisted,  be- 

coming more  and  more  horizontal  behind,  and  more  and  more  ver- 
tical in  front.  In  the  middle  of  the  side,  both,  in  length  and  depth, 

are  four  large  foramina  (fig.  10),  placed  close  together  in  a  line, 
seven  millimetres  below  the  alveolar  border,  and  7  millimetres  above 
the  longitudinal  angle  in  the  middle  of  the  bone.  These  foramina 
and  their  interspaces  extend  over  a  length  of  about  28  millimetres. 
The  anterior  one  descends  vertically ;  the  three  posterior  ones  enter 
the  bone  obliquely,  being  directed  downwards,  forwards,  and  inwards. 
From  the  hinder  and  inferior  corner  of  the  last  foramen  a  slight 
ridge  is  prolonged  backwards,  which  makes  an  angle  in  the  upper 
margin  of  the  jaw.  The  surface  anterior  to  these  foramina  rounds 
convexly  from  above  downwards ;  and  below  the  third  to  sixth 
alveoli  there  are  about  four  minute  foramina,  and  below  the  seventh 
and  eighth,  only  much  nearer  to  the  alveolar  margin,  two  others. 
It  would  thus  appear  as  though  a  series  of  foramina  had  extended 
along  the  bone,  of  which  the  middle  four  had  become  greatly  de- 

veloped. The  thickness  of  the  jaw  from  within  outwards  augments 
along  the  line  of  the  median  lateral  ridge ;  in  front  it  is  about  six 
millimetres,  in  the  middle  12  or  13  millimetres,  and  obviously  in- 

creases as  it  extends  further  backwards.  What  remains  of  the 
inferior  margin,  the  anterior  4  centimetres,  is  concave ;  and  the 
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margin  curves  downwards  and  inwards  as  it  extends  forward.  The 
fourth  alveolus  is  the  only  one  which  displays  an  indication  of  tooth- 
structure.  It  is  the  extremity  of  a  compressed  arrow-shaped  suc- 
cessional  tooth  with  serrated  border,  more  after  the  pattern  of  that 
seen  in  Priodontoguathus  than  in  any  other  genus,  but  too  imper- 

fect to  demonstrate  the  generic  characters.  It  appears  to  be  more 
elongated  than  the  teeth  of  any  genus  hitherto  described.  It  may 
pertain  to  one  species  of  Gratceomus. 

The  other  fragmentary  pieces  of  lower  jaws  may  or  may  not  belong 
to  one  individual.  A  terminal  fragment  pertains  to  the  anterior  end 
of  the  right  ramus.  Two  other  and  smaller  fragments  belong  to  the 
left  ramus ;  but  they  are  so  imperfectly  preserved  as  to  be  scarcely 
worth  notice,  although  they  are  apparently  quite  distinct  from  the 
species  just  described,  if  I  may  judge  from  the  flatness  of  the  in- 

ferior surface  of  the  jaw  and  the  flatness  of  the  lower  part  of  the 
side  which  was  vertical. 

The  anterior  extremity  of  the  right  ramus  was  loosely  attached, 
by  a  rough  lunate  surface  about  17  millimetres  deep  and  8  milli- 

metres wide,  to  the  ramus  on  the  opposite  side.  Its  extremity  is 
bent  a  little  inwards  and  downwards — the  basal  margin  being  con- 

cave from  in  front  backward,  and  the  prolongation  of  the  alveolar 
margin  convex.  The  fragment  is  4  centimetres  long ;  and  though 
upwards  of  3  centimetres  of  the  alveolar  margin  are  preserved, 
I  do  not  recognize  with  certainty  any  tooth-sockets.  If  such 
exist,  they  are  three  in  number,  and  are  indicated  by  small  round 
sockets  placed  just  behind  the  symphysis ;  but  as  the  whole  anterior 
end  of  the  bone  is  covered  with  vascular  foramina,  and  there  are 
corresponding  foramina  external  to  these  possible  sockets,  it  is  not 
improbable  that  they  are  foramina  also,  since  they  present  no  dis- 

tinctive alveolar  characteristics.  The  jaw  thickens  a  little  in 
front  here  ;  it  is  bevelled,  looks  obliquely  forward,  upward,  and, 
perhaps,  outward,  and  has  the  appearance  of  having  utilized  the 
foramina  in  the  nutrition  of  a  pad.  This  surface  is  about  3 J  cen- 

timetres long,  and  above  the  symphysis  is  13  millimetres  wide,  but 
becomes  narrower  posteriorly,  where  it  terminates  on  the  inner  edge 
of  the  jaw  in  a  sharp  margin,  external  to  which  two  large  oblique 
foramina  appear  at  intervals,  the  second  of  which  seems  to  be  ex- 

ternal to  the  first  tooth-socket,  which  is  compressed  from  side  to 
side,  if  it  really  be  a  socket,  of  which  there  is  some  doubt.  At  this 
point  the  depth  of  the  jaw  is  about  2|  centimetres.  Below  the  an- 

terior area  described,  the  upper  portion  of  the  side  which  is  smooth 
begins  to  be  concave  from  above  downwards ;  and  the  lower  part  of 
the  side  which  is  rugose  is  here  convex,  though  it  may,  perhaps,  as 
indicated  by  a  fragment  already  referred  to  from  the  other  side  of 
the  jaw,  become  flattened  in  its  posterior  extension.  The  specimen 
shows  no  trace  of  the  groove  on  the  inferior  margin  of  the  inner 
side  seen  in  the  specimen  already  described ;  and  the  appearance  of 
a  groove  in  the  upper  part  probably  results  from  fracture.  The 
internal  surface  is  smooth  and  concave  in  length.  The  thickness  of 
the  jaw  at  the  posterior  fracture  is  about  11  millimetres;  the  base, 
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which  is  flattened,  is  nearly  at  right  angles  to  the  internal  and  ex- 
ternal surfaces,  and  altogether  unlike  the  narrow  rounded  base 

which  characterizes  the  species  previously  described.  This,  with 
the  less  extension  of  the  alveolar  margin  forward  and  greater 
thickening  of  the  extremity  of  the  jaw  to  form  the  parrot-like  ter- 

minal surface,  constitute  specific  distinctions. 

Teeth. 

The  teeth  have  very  much  the  aspect  of  having  been  eaten 
(PI.  XXVII.  rigs.  11-16),  or  at  least  exposed  to  some  solvent  which 
may  have  slightly  dissolved  their  surfaces ;  but  the  contours  are 
sharp  and  well  preserved  ;  and  though  the  fangs  are  in  some  cases 
broken,  the  teeth  do  not  exhibit  the  indications  of  ordinary  wear. 
It  is  very  difficult,  since  they  only  number  nine,  to  judge  whether 
the  differences  which  are  to  be  detected  result  from  relative  position 
in  the  jaw,  or  whether  one  modification  at  least  is  not,  as  I  am 
inclined  to  believe,  of  specific  importance. 

These  teeth  have  a  triangular  crown  and  a  compressed  fang. 
There  is  a  cingulum  at  the  base  on  the  outer  side  only  ;  but  it 
merely  serves  to  give  a  compressed  aspect  to  the  base  of  the 
crown  and  to  thicken  the  top  of  the  fang.  Even  these  teeth 
exhibit  certain  modifications.  First,  there  is  one  with  the  fang 
perfect ;  and  this  shows  that  it  is  closed  ;  and  on  the  inner  side  at 
the  base  it  curves  a  little  and  shows  an  impressed  area,  as  though 
a  successional  germ  had  rested  there ;  the  fang  in  its  upper  part  is 
slightly  concave  from  side  to  side.  The  tooth  is  bevelled  off  obliquely 
on  each  side  by  the  cutting-edge  of  the  crown  (PI.  XXYII.  fig.  13). 
The  other  side  has  a  transverse  cinguloid  ridge,  considerably  lower 
in  position  than  the  bevellings  (fig.  14).  It  extends  up  towards 
the  bevelled  corners  at  the  sides.  The  crown  is  convex  from  side  to 
side ;  but  the  median  longitudinal  ridge  is  not  distinctly  defined. 
Below  the  cinguloid  ridge  the  tooth  contracts  from  side  to  side. 
The  extreme  length  of  the  tooth  is  over  9  millimetres,  the  extreme 
width  of  crown  is  about  5|  millimetres,  and  its  length  down  to  the 
base  5  millimetres.  The  width  of  the  fang  becomes  reduced  to 
between  3  and  4  millimetres.  In  a  second  specimen  the  crown 
presents  the  same  characters,  only  that  it  is  flatter  on  the  cinguloid 
side.  A  third  specimen  has  the  bevellings  on  the  attached  side  of 
larger  extent,  so  as  to  reach  further  down  the  tooth ;  but  all  have 
the  crown  perfectly  smooth,  without  the  slightest  trace  of  serrations 
on  either  side.  It  is  quite  possible  that  the  bevellings  may  be 
produced  by  wear,  though  there  is  nothing  to  indicate  such  an  ex- 
planation. 

Then  there  are  two  teeth  very  similar  in  character,  only  rather 
broader  in  the  crown,  being  fully  8  millimetres  wide.  These  spe- 

cimens want  the  bevellings,  but  have  the  inner  side  of  the  tooth 
marked,  with  a  narrow  middle  surface  which  may  be  flat  or  con- 

cave, external  to  which  the  tooth  is  bevelled  vertically  on  one  side 
and  has  a  thickening  at  the  base  of  the  crown  on  the  other.  The 
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base  of  the  cinguloid  thickening  on  the  opposite  side  is  convex  in 
the  middle  and  concave  at  the  sides.  Both  these  teeth  are  marked 
with  slight  rough  ridges  (PI.  XXYTI.  figs.  15,  16),  which  are  not 
continuous  to  the  cutting-edge,  and  are  vertical,  and  much  more 
marked  on  one  tooth  than  on  the  other.  Of  the  two  other  speci- 

mens which  have  the  attached  side  of  the  crown  flat,  one,  though 
but  badly  preserved,  is  remarkable  for  showing  a  few  faint  and 
vertical  serrations,  which  are  equally  marked  on  both  sides  (fig.  12). 
They  did  not  exceed  five  in  number  on  each  of  the  cutting-edges, 
though  only  one  of  these  is  preserved.  All  these  teeth,  I  suppose, 
may  belorg  to  one  species. 

There  remain  two  other  teeth,  which,  perhaps,  may  belong  to  a 
second  species  or  may  be  worn  down.  They  are  characterized 
by  the  same  general  features  as  those  already  described,  but  had 
the  crown  remarkably  low,  relatively  broad,  and  hardly  making 
any  approach  to  a  triangular  form.  The  tooth  is  very  thick  at 
the  base  of  the  crown ;  and  the  cinguloid  thickening  extends  along 
both  sides.    The  crown  is  smooth,  and  shows  no  trace  of  serration. 

I  am  inclined  to  refer  these  teeth  to  Cratceomus ;  they  pro- 
bably belong  to  the  species  described. 

Cratjeomus  Pawlowitschii,  Seeley. 
Vertebral  Column. 

The  vertebral  column  which  I  refer  to  Cratceomus  is  chiefly  re- 
presented by  the  tail,  of  which  there  are  about  eighteen  vertebrae 

preserved ;  and  the  series  is  very  imperfect.  There  are  slight  differ- 
ences of  mineralization  in  these  specimens,  some  being  red,  others 

brownish,  and  some  nearly  black ;  and  there  are  slight  differences  in 
preservation,  since  some  have  the  articular  margins  of  the  vertebras 
rubbed  away,  and  the  processes  more  or  less  broken,  and  others 
are  better  preserved  but  somewhat  crushed.  Still,  when  the  series 
is  arranged  in  sequence  there  is  a  perfect  continuity  of  character 
and  no  evidence  to  suggest  that  the  remains  belong  to  more  than 
one  species,  or  indeed  that  they  may  not  all  have  pertained  to  a 
single  individual.  A  curious  feature,  also  observed  in  some  of  the 
English  Cretaceous  Dinosaurs,  is  the  circumstance  that  these  caudal 
vertebrae  scarcely  vary  in  absolute  length,  though  the  centrums 
diminish  in  size.  Hitherto  no  trace  of  the  sacrum  has  been  found. 
The  dorsal  region  is  represented  by  two  vertebrae,  which  show  the 
forms  of  the  processes  ;  while  the  cervical  region  is  represented  by 
a  vertebra  from  the  hinder  part  of  the  neck.  In  the  absence  of 
evidence  of  another  vertebral  column,  it  may  be  legitimate  to  refer 
these  vertebras  to  the  same  species  as  the  tail ;  and  from  the 
similarity  of  size  it  is  not  unlikly  that  the  whole  of  these  vertebral 
remains  are  the  spoils  of  a  single  animal,  the  Cratceomus  Pawlo- 
ivitschii. 

Cervical  Vertebra. 
(See  Biinzel,  pi.  ii.  figs.  9, 10.) 

The  centrum  and  neural  arch  are  both  preserved;  but  the  neural 
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spine  and  transverse  processes  are  broken  away.  The  centrum  has 
the  articular  faces  somewhat  oblique  ;  but  though  this  may  be  to 
some  extent  natural,  it  is  probably  augmented  by  crushing,  since  the 
form  of  the  centrum  has  become  in  this  way  a  good  deal  distorted. 
Its  length  along  the  base  is  2T27  inches,  while  the  measurement  along 
the  neural  canal  is  about  inch  less.  The  posterior  articular  face, 
as  preserved,  is  subquadrate,  lg  inch  deep,  and  about  lT7y  inch  wide. 
It  is  considerably  excavated  by  a  saucer-shaped  depression.  The  an- 

terior articulation  was  probably  as  deep,  and  Ifa  inch  wide ;  but  it 
does  not  appear  to  have  been  so  deeply  excavated  as  the  posterior 
face.  The  base  appears  to  have  been  flattened,  and  margined  on 
each  side  by  an  angular  ridge.  In  the  middle  these  ridges  are  about 
y8-^  inch  apart ;  and  they  diverge  towards  both  anterior  and  posterior 
faces.  The  sides  of  the  centrum  are  distinctly  defined  from  the 
neural  arch  by  the  deeply  marked  horizontal  suture,  below  which 
in  front  is  the  oblong  articular  face  for  the  rib,  which  is  about 

y7-^  inch  long  and  ̂   inch  deep.  It  is  about  y4^  inch  behind  the 
articular  face.  It  rises  as  a  slight  pedicle ;  and  the  transverse  mea- 

surement over  these  parapophyses  is  2-^  inches.  The  centrum  is 
compressed  from  side  to  side  below  these  processes,  so  that  a  median 
cavity  divides  the  side  into  a  highly  convex  upper  portion  and  a 
comparatively  flat  lower  portion.  The  articular  margin  of  the  cen- 

trum is  moderately  sharp,  thickened,  and  rounded.  The  neural 
arch  has  an  aspect  of  leaning  forward  obliquely,  which  is  more 
marked  than  that  of  the  centrum,  and  may  probably  be  taken  as 
evidence  that  the  neck  of  the  animal  was  carried  in  a  somewhat 
raised  position.  The  pedicles  lean  forward  at  an  angle  of  nearly 
45°,  have  their  anterior  margins  concave,  and  are  compressed  from 
side  to  side,  but  especially  pinched  in  the  middle.  The  greatest 
width  of  the  arch  in  front  at  its  union  with  the  centrum  is  1T67)  inch, 
while  behind  and  above  the  middle  of  the  centrum  its  width  is 
reduced  to  inch,  again  to  become  expanded  to  1^  inch  near 
the  posterior  articulation.  This  median  depression  extends  up  to 
the  side  of  the  neural  arch,  being  margined  above  and  behind  by  a 
sharp  buttress,  which  widens  laterally  and  extends  outward  so  as 
to  underprop  the  transverse  process,  and  form  with  it  the  upper 
head  for  the  rib.  Where  fractured  this  process  is  1  inch  above  the 
capitular  articulation,  and  has  a  triangular  outline  pointed  in  front 
and  about  y4^  inch  deep.  There  is  a  triangular  area  which  is  concave ly 
excavated  behind  these  transverse  processes  and  in  front  of  the  poste- 

rior zygapophyses.  The  posterior  zygapophyses  are  divided  from  each 
other  throughout  their  length  of  an  inch  by  a  notch  y-^  inch  wide 
behind  and  rather  wider  in  front,  where  it  terminates  in  the  vertical 
wall  of  the  neural  spine,  which  in  the  middle  has  a  slight  sharp 
ridge.  These  processes  have  their  inner  sides  subparallel,  are  placed 
obliquely,  and  are  convex  superiorly  from  below  outward.  The 
articular  facets  are  large,  subovate,  flat,  and  look  downward  and  out- 

ward so  as  to  make  with  each  other  an  angle  which  is  more  than  a 
right  angle.  The  anterior  zygapophyses  extend  entirely  in  front  of  the 
articular  face  of  the  centrum .    They  are  similarly  divided  anteriorly 

2  it  2 
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to  a  level  with  the  centrum,  and  are  thick  strong  processes  which 
have  the  articular  faces  somewhat  rounded  and  convex,  as  though 
to  allow  of  considerable  play.  Behind  the  facets  the  bone  is  a  good 
deal  compressed,  so  as  to  be  concave  in  length  and  concave  from  side 
to  side.  The  base  of  the  neural  spine,  as  preserved,  is  a  square 
pillar,  rather  more  than  ̂   inch  in  diameter,  which  appears  to  rise 
vertically.  In  front  of  this  and  between  the  transverse  processes  is 
a  deep  excavation  about  |  inch  long  and  wide.  The  neural  canal  is 
large,  and  formed  almost  entirely  by  the  neural  arch,  the  neura- 
pophyses  converging  so  as  to  almost  unite  in  the  middle  line  of  the 
base  of  the  neural  canal.  The  width  of  the  neural  canal  is  greatest  in 
front,  where  it  is  -fy  inch ;  and  its  height  is  greatest  behind,  where 
it  is  about  the  same,  or  a  little  more,  the  canal  being  depressed  in 
front  and  compressed  posteriorly,  the  width  of  the  canal  behind 
being  ̂   inch.  The  height  from  the  base  of  the  centrum  to  the 
upper  surface  of  the  posterior  zygapophyses  is  3^  inch ;  the  width 
over  the  outer  margins  of  the  posterior  zygapophyses  is  1T7^  inch  ; 
the  length,  from  posterior  to  anterior  zygapophyses  is  3-^-  inch  ;  the 
width  over  the  anterior  zygapophyses  was  about  2-^  inch. 

Dorsal  Vertebrce. 

(See  Mnzel,  pi.  ii.  figs.  1-3,  pi.  vii.  fig.  24.) 
Of  the  two  dorsal  vertebrae  the  more  anterior  has  the  lower  half 

of  the  centrum  badly  preserved,  but  shows  the  anterior  zygapo- 
physis,  transverse  process,  and  neural  ,  spine  completely.    In  this 
the  transverse  processes  extend  more  horizontally  outward,  while  in 
the  later  vertebra  they  are  directed  more  obliquely  upward.  To  begin 
with  the  latter  (PI.  XXX.  fig.  3),  the  centrum  is  2^  inches  long,  and 
has  the  anterior  face  subquadrate,       inches  deep,  and  2TL-  wide.  It 
is  moderately  concave.    The  posterior  face  is  badly  preserved  at  the 
margin,  but  appears  to  have  been  much  smaller,  since  it  is  inch 
deep,  and,  as  preserved,  is  rather  wider.    It  has  a  deep  pit  just  below 
the  neural  canal,  while  the  remainder  of  the  face  is  convex  from  above 
downward,  slightly  convex  from  side  to  side,  and  smooth.  The 
neural  canal  is  2  inches  long.    The  base  of  the  centrum  is  flattened, 
margined  by  rounded  lateral  ridges.    The  upper  parts  of  the  sides  of 
the  centrum  are  concavely  compressed,  as  though  squeezed  with  the 
finger  and  thumb  ;  and  here,  in  the  middle  of  the  centrum,  the  trans- 

verse measurement  is  1  inch  a  little  below  the' neural  canal.  The  neural 
arch  is  lofty,  the  height  to  the  origin  of  the  transverse  process  from  the 
base  of  the  centrum  being  3^  inches,  and  from  its  base  2T2Ij  inches. 
The  buttress  which  supports  the  transverse  process  is  flattened  at 
the  side,  since  it  is  formed  by  pillars  which  arise  from  the  anterior 
and  posterior  margins  of  the  centrum,  and  converge  as  they  ascend 
so  as  to  form  a  sharp  angular  ridge  beneath  the  transverse  process, 
which  is  flattened  and  expanded  above.    There  is  a  deep  excavation 
in  front  of  the  vertical  A-shaped  masses  which  support  the  trans- 

verse processes  ;  and  these  were  placed  behind  the  anterior  zyga- 
pophyses.   There  are  much  larger  but  similar  posterior  excavations, 

which  are  subtriangular  and  in  front  of  the  posterior  zygapophyses, 
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which  were  divided  from  each  other,  and  looked  obliquely  outward 
and  downward  so  as  to  form  with  each  other  an  angle  which  was 
much  less  than  a  right  angle.  The  neural  spine  is  compressed  from 
side  to  side,  and  originates  from  a  base  about  ljL-  inch  long.  The 
angle  enclosed  superiorly  by  the  diverging  transverse  processes  is 
more  than  a  right  angle.  The  neural  canal  is  subquadrate  in  front, 
and  about  inch  wide.  Posteriorly  its  height  becomes  lj-0-,  and 
its  width  about  j6^-  inch.  The  neural  arch  has  the  aspect  of  being 
placed  vertically  on  the  centrum  rather  towards  its  anterior 

part. In  the  other  dorsal  vertebra  the  height  from  the  base  of  the  neural 

arch  to  the  top  of  the  neural  spine  is  3T7jy  inches.    The  neural  spine 
is  greatly  compressed  from  side  to  side,  rises  about 1| inch  above  the 
platform  of  the  transverse  processes,  is  T20-  inch  in  its  greatest  poste- 

rior thickness,  has  an  antero-posterior  measurement  of  1^  inch, 
and  swells  out  at  its  free  end  to  a  width  of  more  than  J  inch.  This 
inflated  mass  is  convex  from  side  to  side,  and  tapers  forward  in  a 
wedge.    The  platforms  of  the  transverse  processes,  which  are  flat 
above  and  triangular  in  section,  are  given  out  horizontally ;  the  one 
preserved  measures  2^  inches  from  the  median  line  to  its  free  end, 
which  is  compressed  from  above  downward,  and  is  rounded  from 
back  to  front.    The  base  of  this  process  occupied  the  whole  space 
between  the  posterior  and  anterior  zygapophyses.     Its  anterior 
margin  is  slightly  concave,  and  terminates  in  a  sharp  thin  edge. 
The  posterior  side  is  similarly  thin  ;  but  its  hinder  part  is  somewhat 
broken.   The  width  towards  the  free  end  is  1|  inch.    On  the  under- 

side is  the  usual  strong  median  buttress  compressed  from  side  to 
side,  and  terminating  forward  in  an  ovate  articular  facet  for  the 
rib,  which  is  1  inch  long,  looks  downward  and  is  placed  towards 
the  anterior  margin ;  while  it  terminates  inward  abruptly  on  the 
neural  arch  above  in  a  nearly  circular  facet,  which  is  large,  vertical, 
slightly  concave,  and  gave  attachment  to  the  head  of  the  rib  ;  half 
the  facet  is  above  the  neural  canal.    There  is  the  usual  superior 
concave  excavation  in  front,  behind  the  zygapophyses,  while  poste- 

riorly the  concavity  which  runs  along  the  posterior  side  of  the 
transverse  process  below  terminates  in  an  enlarged  excavation  ; 
and  these  excavations  approximate  so  as  to  be  separated  only  by  a 
sharp  vertical  ridge  which  is  placed  above  the  neural  canal,  with  which 
its  outline  helps  to  form  an  S-shaped  curve  on  the  right  posterior 
aspect.   The  zygapophyses  present  no  peculiarities,  the  facets  being 
flat  and  oblique  ;  the  anterior  excavation  between  the  transverse  pro- 

cesses in  front  is  small;  and  the  interspace  between  the  two  facets  for 
the  rib  on  the  sides  of  the  neural  arch  is  about  1|  inch.  What 
remains  of  the  posterior  face  of  the  centrum  appears  to  be  slightly 
concave  from  side  to  side,  and  slightly  convex  from  above  down- 

ward, though  this  condition  has  probably  resulted  from  compression. 
There  is  here  no  sharp  line  dividing  the  neural  arch  from  the  cen- 

trum, though  the  separation  can  be  easily  traced,  and  it  is  at  the 
middle  point  of  the  suture  that  the  compression  is  greatest ;  there 
the  transverse  measurement  is  less  than  1  inch.    The  lower  portion 
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of  Biinzel's  figure  of  this  vertebra  is  the  centrum  ;  the  transverse 
process  is  lettered  d. 

Caudal  Vertebral. 

(See  Mnzel,  pi.  ii.  figs.  4-8,  pi.  iv.  figs.  6-9,  pi.  viii.  figs.  1,  7,  8, 16.) 
There  are  eighteen  caudal  vertebras  preserved.  The  earlier  ones  have 

strong  transverse  processes,  which,  however,  are  more  or  less  broken 
away,  are  compressed  from  above  downward,  and  appear  to  have  been 
short ;  and  the  vertebras  differ  from  each  other  in  passing  backward  in 
the  suppression  of  these  transverse  processes,  which  become  represented 
by  sharp  ridges  in  the  middle  part  of  the  series,  while  towards  the  end 
of  the  tail  all  trace  of  their  existence  is  lost,  and  the  centrum,  which 
hasbecome  gradually  reduced  in  vertical  and  transverse  measurements, 
assumes  a  constricted  or  dicebox-like  outline.  None  of  the  caudal 
vertebras,  except  the  earliest,  appear  to  have  possessed  a  prominent 
neural  spine ;  for  the  neural  arch  has  well-developed  zygapophyses 
and  a  concave  outline  from  front  to  back.  The  arch,  however,  soon 
becomes  reduced  in  size,  and  in  the  middle  of  the  series  is  greatly 
compressed  from  side  to  side,  and  the  articular  zygapophysial  facets 
are  lost,  while  towards  the  end  of  the  tail  the  neural  arch  is  a  mere 
rudiment.  The  chevron  bones  were  at  first  apparently  large,  and  arti- 

culated with  large  oblique  facets  at  the  hinder  margin  of  the  base  of 
the  centrum ;  but  these  facets  do  not  appear  to  have  been  quite  distinct 
from  each  other,  though  they  were  partly  divided  by  the  median  groove 
on  the  base  of  the  centrum.  They  soon  become  relatively  small,  and 
near  the  end  of  the  tail  are  quite  separated  from  each  other,  though 
(it  may  be  by  an  injury  received  during  life)  they  appear  to  have  become 
united  to  the  centrum.  Two  of  the  hinder  caudal  vertebras  are 
fractured  through  the  centrum,  and  show  the  bones  to  have  contained 
central  hollow  spaces,  which,  however,  were  not  clearly  defined  by  a 
smooth  bony  lining,  but  are  rather  like  the  medullary  cavities  of  the 
long  bones  of  mammals.  The  articular  edges,  where  preserved,  are  at 
first  somewnat  rounded,  but  terminate  in  a  sharp  outer  margin. 
They  are  very  slightly  concave,  and  later  on  in  the  series  become 
almost  flat,  showing  that  the  tail  possessed  but  little  flexibility. 

The  earliest  vertebra  preserved  has  the  centrum  leaning  slightly 
forward.  It  is  fully  ly7^  inch  long,  and  the  same  depth  to  the 
chevron  facets  on  the  hinder  basal  margin,  which,  however,  is  badly 
preserved.  The  width  of  the  centrum  in  front,  at  the  base  of  the 
transverse  processes,  is  1^  inch.  The  corresponding  width  behind 
is  a  trifle  less.  The  anterior  articular  face  is  nearly  flat,  but  had 
the  margin  rounded.  The  posterior  articular  face  is  more  concave, 
and  the  rounding  of  the  margin  is  less  marked.  The  upper  borders 
of  the  transverse  processes  are  on  a  level  with  the  base  of  the 
neural  canal.  They  are  placed  nearer  to  the  anterior  than  to  the 
posterior  articular  face,  are  transversely  oblong  where  broken  close 
to  the  centrum,  and  measure  T8^  inch  in  length,  ju  in  depth.  Be- 

low them  the  centrum  is  compressed ;  the  base  is  broad,  ill  defined, 
1  inch  in  width,  rounds  into  the  sides,  and  is  divided  longitudinally 
by  a  shallow  groove  about       inch  in  width,  which  is  most  marked 
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posteriorly.  The  neural  canal  is  high  and  narrow  :  the  sides  of  the 
neural  arch  converge  upward  ;  and  the  anterior  zygapophyses  have 
the  facets  looking  inward  ;  they  are  concave  in  depth. 

The  second  and  third  vertebrae  of  the  series  only  differ  in  having 
slight  tubercles  adjoining  the  anterior  and  posterior  articular  margins 
on  the  middle  of  the  sides,  and  in  the  decreasing  dimensions  of  the 
centrum  and  processes,  though  the  length  still  remains  the  same. 
The  fourth  vertebra  is  distorted  by  vertical  compression,  and  the 
fifth  by  lateral  compression.  It,  however,  has  the  neural  arch  well 
preserved,  and  shows  the  length  from  the  anterior  to  the  posterior 
zygapophyses  to  be  inches.  There  is  also  an  indication  of  a  slight 
neural  spine  broken  away,  which  rose  above  the  posterior  zygapo- 

physes. The  greater  part  of  both  anterior  and  posterior  facets  pro- 
jects beyond  the  centrum.  The  anterior  pair  of  facets  is  divided 

from  each  other  ;  but  there  is  only  a  slight  notch  at  the  hinder  ex- 
tremity of  the  posterior  pair.  In  the  sixth  vertebra  the  neural 

arch  is  seen  to  taper  posteriorly,  when  seen  from  above,  in  a  trian- 
gular outline  slightly  compressed  in  the  middle  ;  and  in  the  seventh, 

in  which  the  centrum  is  inch  long,  1T4F  inch  deep  posteriorly, 
and  slightly  wider,  the  neural  arch  is  2T\  inches  long.  There  is  a 
distinct  concave  compression  below  the  anterior  zygapophyses,  from 
which  faint  ridges  extend  backward  longitudinally  towards  the  pos- 

terior zygapophyses.  The  facet  from  which  the  transverse  process 
has  come  away  is  still  ovate,  about  j7^  inch  long,  and  is  placed  in  the 
middle  of  the  side  of  the  centrum,  just  below  the  neural  arch.  The 
neural  spine  is  seen  to  be  a  slight  sharp  ridge.  The  anterior  zyga- 

pophyses are  inch  apart,  while  the  posterior  zygapophyses,  which 
have  smaller  facets,  are  inch  long.  The  groove  on  the  base  of  the 
centrum  has  become  somewhat  narrower  and  more  sharply  denned. 
Here  several  vertebrae  appear  to  be  missing  ;  and  in  the  next  of  the 
series  the  transverse  process  has  become  much  smaller,  is  placed  lower 
on  the  side  of  the  centrum,  is  margined  by  a  vascular  groove  in  front, 
and  is  prolonged  backward  by  a  sharp  ridge  towards  the  articular 
margin.  The  vertebrae  now  begin  to  elongate  a  little  ;  and  the  ninth 
of  the  caudal  series  is  1T9^-  inch  long ;  the  transverse  processes  have 
disappeared,  and  are  only  marked  by  a  sharp  median  ridge  in  the 
middle  of  the  centrum,  margined  in  front  by  an  oblique  vascular 
groove.  Above  these  lateral  ridges  the  centrum  is  compressed  from 
side  to  side  ;  the  basal  groove  has  become  much  shallower  and 
best  marked  towards  the  extremities.  The  tenth  and  eleventh  show 
the  neural  arch  to  be  greatly  compressed  from  side  to  side,  and  to 
rise  very  much  higher  behind  than  in  front,  owing  to  the  greatly 
diminished  size  of  the  anterior  zygapophyses.  The  posterior  zyga- 

pophyses have  disappeared;  and  the  centrum  is  a  good  deal  constricted 
in  the  middle.  The  twelfth  centrum  shows  a  much  greater  reduc- 

tion in  size  of  the  neural  arch,  which  leaves  the  posterior  third  of  the 
centrum  free.  The  underside  of  the  centrum  is  similarly  compressed 
to  the  upper  part,  though  the  median  basal  ridges  become  rounded. 
The  facets  for  the  zygapophyses  are  distinctly  marked  at  both  end=, 
and  divided  by  a  groove,  of  which  there  is  no  trace  in  the  middle  of 
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the  base.  In  the  thirteenth  and  fourteenth  vertebrae  the  centrum 

is  1t7-q  inch  long,  with  the  articular  face  1-^-  inch  wide  in  front  and 
rather  less  behind,  while  the  depth  in  front  is  1  inch.  The  neural 
arch  is  small,  and  its  superior  outline  horizontal.  The  measurement 
from  the  middle  of  the  base  of  the  centrum  to  its  upper  border  is 
lfa-inch.  The  neural  canal  indents  the  centrum  concavely  at  both 
back  and  front  articulations  ;  and  from  the  hinder  limit  of  the  neural 
arch  a  vascular  groove  impresses  the  sides,  descending  slightly  for- 

ward to  the  middle  of  the  base.  The  centrum  here  is  most  con- 

stricted, and  measures  y8^-  inch  from  side  to  side,  and  has  a  rather 
less  depth.  The  chevron  bones  are  preserved  in  the  thirteenth  ver- 

tebra, with  the  posterior  margin  of  which  they  appear  to  be  blended ; 
they  unite  below  in  a  V_snaPe?  and  have  facets  for  the  succeeding 
vertebra.  They  are  inch  wide,  -J-J  inch  deep,  and,  with  the 
groove  at  the  terminal  end  of  the  centrum,  enclose  the  vascular 
canal.  Of  the  fifteenth  vertebra  only  half  the  centrum  is  pre- 

served. The  sixteenth  and  seventeenth  are  blended  together,  and 
the  chevron  may  not  have  united  in  the  median  line.  The  vertebras 
now  become  roughened  with  many  slight  longitudinal  muscular 
ridges,  indicative  of  the  near  approach  of  the  end  of  the  series  ;  and 
the  articular  faces  of  the  centrum  appear  to  have  central  con- 
cavities. 

Ribs. 

(See  Blinzel,  pi.  iii.  figs.  5,  6,  pi.  viii.  figs.  14, 15,  pi.  i.  fig.  27.) 
One  cervical  rib  is  preserved  ;  there  are  about  half  a  dozen  tolerably 

perfect  dorsal  ribs,  and  a  multitude  of  fragments  of  dorsal  ribs.  The 
majority  of  these  obviously  belong  to  one  animal;  and  I  refer  them 
to  the  smaller  of  the  two  large  Dinosaurs,  Cratceomus  hpidophorus  ; 
but  there  are  a  few  slightly  larger  fragments  which  possibly  pertain 
to  the  larger  Dinosaur.  They  are,  however,  too  imperfect  to  yield 
any  characters  for  description  ;  and  as  they  are  doubtful  remains,  I 
prefer  to  leave  their  elucidation  to  future  discoveries.  They  are 
larger  and  stouter  than  the  bulk  of  the  specimens.  The  only  ex- 

ample which  shows  the  proximal  end  is  represented  in  PI.  XXXI. 
fig.  12,  and  may  be  compared  with  the  corresponding  part  of  the 
smaller  rib,  fig.  17,  PI.  XXVII.  This  proximal  end  is  the  speci- 

men figured  by  Biinzel  as  the  lower  jaw  of  a  lizard,  a  determination 
which  is  presumably  due  to  its  imperfect  condition  and  the  circum- 

stance that  the  transverse  platform  is  only  developed  on  one  side. 
I  owe  its  identification  to  Mr.  Hulke,  who  recognized  its  resemblance 
to  the  smaller  specimens  when  examining  the  collection. 

The  cervical  rib  wants  the  articular  head  of  the  lower  tubercle. 

The  interspace  between  these  two  heads  was  nearly  1^-  inch,  the 
outline  between  them  being  deeply  concave ;  the  ventral  outline  is 
flat,  the  dorsal  outline  concave.  The  length  of  the  rib,  as  preserved, 
is  Sfa  inches.  After  being  directed  outward  for  half  its  length,  it 
curves  concavely  backward  and  tapers  at  the  same  time.  There  is 
in  front,  in  the  middle  of  the  rib,  a  slight  ridge.  The  articular  head 
which  is  preserved  is  T6^  inch  long  and  fa  inch  wide.    When  perfect 
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the  rib  must  have  had  a  Y-SUllP°d  form  ;  and  just  below  the  fork 
of  the  Y  on  the  posterior  side  is  a  moderately  large  vascular 
foramen. 

The  dorsal  ribs  are  all  imperfect  at  the  distal  end ;  and  some  of  them 
have  a  much  greater  curve  than  others.  The  longest  fragments  are 
imperfect,  proximally  and  distally,  and  measure  round  the  outside 
curve  about  11  inches,  and  across  the  chord  a  little  over  10  inches. 
Hut  all  the  ribs  agree  in  distinctive  character,  which  is  seen  in  side- 
to-side  compression  along  the  proximal  half  of  the  visceral  surface 
and  lateral  expansion  on  the  dorsal  surface  (PI.  XXVII.  fig.  17), 
so  that  in  this  half  of  the  rib  the  transverse  section  is  shaped 
like  a  X  (PI.  XXVII.  fig.  18) ;  but  distally  the  rib  expands 
on  the  visceral  surface,  and  the  elevated  ridge  on  the  ante- 

rior border  disappears,  the  direction  of  the  rib  becomes  some- 
what oblique,  and  its  section  has  a  compressed  ovate  outline.  One 

consequence  of  this  remarkable  dorsal  expansion  is  to  form  an  ex- 
panded table-like  external  surface  which  is  convex  in  the  direction 

of  the  length  of  the  rib,  and  nearly  flat  in  the  antero-posterior 
direction  ;  so  that  the  ribs  closely  resemble  the  combined  rib  and 
costal  plate  of  a  Chelonian,  and  in  the  living  animal  the  interspaces 
between  the  ribs  must  have  been  as  small  as  in  many  mammals,  such 
as  the  Buffalo  and  the  Lesser  xlnteater.  It  is,  of  course,  possible  that 
this  expansion  of  the  dorsal  margin  of  the  rib  may  be  homologous 
with  the  costal  plates  of  Chelonians,  since  representatives  of  the 
structure  are  also  met  with  in  Crocodiles,  ffatteria,  and  birds.  I 
have  no  doubt  that  this  table  structure  carried  the  heavy  dermal  ar- 

mour with  which  these  animals  were  weighted.  One  specimen  (fig.  1 7), 
which  has  the  articular  head  preserved,  has  an  interspace  of  inch 
between  the  capitulum  and  tuberculum.  The  capitulum  curves 
slightly  forward,  is  ±±  inch  in  depth,  and  gradually  widens  on  the 
ventral  surface  towards  the  articulation,  where  it  is  \  inch  in  dia- 

meter. The  tuberculum  is  relatively  small,  \  inch  from  back  to  front, 
and  about  \  inch  in  width.  It  is  somewhat  reniform  and  rounded, 
like  the  outside  of  a  kidney.  Immediately  beyond  the  tubercle  the 
bone  begins  to  widen  ;  and  the  anterior  ridge  extends  in  the  speci- 

men 4  inches,  while  in  other  ribs  it  extends  6  inches,  and  in 
some  only  3.  Its  antero-posterior  width  is  also  variable,  but, 
where  widest,  in  no  specimen  measures  more  than  1  inch,  and  is 
usually  about  |  inch.  The  compression  of  the  rib  just  below  the 
tubercle  gives  a  measurement  of  less  than  T25  inch,  though  in  some 
specimens  it  may  be  a  little  more  and  in  others  less  ;  while  the  depth 
of  the  rib  from  dorsal  to  ventral  surface  is  at  first  y9_  inch,  and  be- 

comes gradually  reduced  as  the  rib  extends  and  loses  its  T-shaped 
section.  The  side-to-side  compression  extends  close  under  the  ex- 

ternal platform,  so  that  both  sides  of  the  rib  are  concavely  chan- 
nelled. Several  specimens  show  some  amount  of  muscular  roughness 

on  the  transverse  platform  and  a  part  of  the  rib  distad  to  its  termina- 
tion ;  and  this  is  probably  correlated  with  the  muscular  attachment  of 

dermal  armour.  The  longest  ribs  preserved  do  not  indicate  a  greater 
length  when  complete  than  14  inches.    When  they  become  obliquely 
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flattened  they  maintain  a  remarkable  uniformity  of  width,  and  taper 
almost  imperceptibly  towards  the  distal  extremity. 

Dermal  Armour. 

(See  Biinzel,  pi.  iv.  figs.  1,  2,  pi.  vii.  figs.  20,  21,  pi.  viii.  figs.  9-12.) 
The  Dinosaurian  dermal  armour  which  I  refer  to  the  genus 

Cratceomus  presents  many  remarkable  modifications,  such  as  have 
not  been  met  with  in  any  genus  hitherto  described.  Some  of  the 
plates  are  remarkably  similar  to  those  of  JScelidosaurus  and  Acan- 
thopholis ;  others  are  large  scutes  with  a  median  longitudinal  ridge 
and  numerous  vascular  impressions  on  the  carinate  surface,  as 
though  they  were  imbedded  in  the  skin.  These  plates  are  all 
thin  and  may  have  been  abdominal,  while  the  more  elevated  plates 
may  have  been  dorsal  and  caudal.  A  third  type  of  plate  appears 
to  be  greatly  compressed  from  side  to  side  with  a  sharp  cutting 
surface  in  front,  terminating  in  a  spike  superiorly,  and  with  a 
rounded  posterior  margin.  The  articular  bases  of  these  plates  are 
not  preserved.  A  fourth  kind  of  plate  of  large  size  appears  to  have 
terminated  at  each  end  in  a  great  triangular  spike,  while  across  the 
intermediate  space  there  extended  rows  of  conical  tubercles  some- 

what resembling  in  outline  those  attributed  to  Hylceosaurus.  A  fifth 
kind  of  armour  is  represented  by  an  immense  conical  spine,  like  the 
horn- core  of  an  ox,  which  rises  from  a  bony  base. 

None  of  these  pieces  of  armour  are  symmetrical,  hardly  any  of  them 
can  be  grouped  in  pairs  ;  altogether  there  are  fully  fifty  well-defined 
plates,  besides  a  large  number  of  fragments.  It  is  quite  possible 
that  the  remains  may  have  belonged  to  more  than  one  species.  But 
seeing  that  the  vertebral  column  of  one  species  is  well  preserved  in  its 
hinder  portion,  and  that  to  this  species  the  bulk  of  the  limb  bones  may 
reasonably  be  relegated,  and  that  in  many  points  of  osteology  there 
is  an  approximation  of  the  animal  towards  Scelidosaurus,  we  may 
be  justified  in  considering  that  the  larger  Austrian  Dinosaur  possessed 
armour  as  varied  in  character  as  that  seen  in  its  English  prototype  ; 
and  in  the  absence  of  a  second  and  larger  vertebral  column,  I  am 
unwilling  to  attempt  to  divide  the  scutes  between  the  two  different 
animals,  merely  on  the  ground  of  their  contours.  Yet  it  may  be 
acknowledged  that  the  horncore-like  scute  is  larger  than  would 
have  been  expected,  and  that  the  whole  armour  is  heavy  even 
for  an  animal  with  such  strongly  marked  muscular  development  as 
is  shown  on  the  bones  of  the  limbs  of  both  the  species. 

I  proceed  to  describe  the  armour  according  to  the  varieties  it 
presents.  As  Prof.  Suess  had  noticed,  there  is,  besides  the  horn- 

like scute,  a  second  base,  from  which  the  horn-like  spine  has  been 
broken  away.  There  thus  appear  to  have  been  at  least  a  pair. 
The  base  from  which  the  horn  rises  (PI.  XXVIII.  fig.  4)  is  5|  inches 
long,  of  irregular  oblong  shape  with  roughened  edge,  a  little 
broken  at  one  end.  It  is  nearly  3|  inches  wide  where  widest, 
and  narrows  to  about  2|  inches.  It  is  concave  in  length  on  the 
under  surface  in  the  middle,  convex  at  the  sides.  The  margin  is 
full  of  vascular  perforations,  and  appears  to  have  had  strong  union 
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with  the  skin.  On  the  broad  side  this  bony  base  is  1-^  inch  thick  : 
on  the  narrow  side  the  greatest  thickness  is  inch.  The  horn- 

like spine  is  placed  obliquely  upon  it,  and  rises  vertically,  curving  a 
little  backward  or  outward.  It  is  ok  inches  high.  Its  base  is  ra- 

ther more  than  2|  inches  long,  and  2y10  inches  wide.  The  spine  is 
slightly  flattened  on  the  convex  and  concave  sides.  The  right 
and  left  sides  are  nearly  straight.  The  bone  is  covered  with  close- 
set  irregular  vascular  perforations  similar  to  those  on  a  horn-core. 
(See  Biinzel,  pi.  v.  fig.  10.) 

Two  other  plates  of  quite  as  remarkable  character  are  dissimilar  in 
form,  one  being  twice  the  width  of  the  other :  but  both  had  smooth 
bases  for  attachment  to  the  skin.  The  base  is  rounded  at  its  lateral 

margins,  as  though  it  were  a  bone  distinct  from  the  extraordinary  der- 
mal ornament  which  rises  from  it.  The  larger  specimen  (PI.  XXVIII. 

fig.  2)  is  8  inches  long  and  imperfect  at  one  end.  The  articular  base 
appears  to  have  been  about  4^  inches  long  and  2  inches  wide,  while 
the  greatest  width  of  the  plate  is  3^  inches  towards  each  end  of  the 
articular  space,  and  in  the  intermediate  area  it  becomes  contracted 
to  about  2\  inches.  The  spine  which  existed  at  the  other  end  of  this 
contracted  area  has  been  almost  entirely  broken  away  ;  so  that  the 
plate  was  originally  probably  a  central  oblong  mass  with  constricted 
sides  terminating  at  each  end  in  a  large  triangular  spine,  which  was 
directed  upward  from  the  body  of  the  plate.  The  one  spine  which 
is  preserved  is  on  its  upper  surface  about  4  inches  long,  and  at 
the  base  3|  inches  wide.  It  is  slightly  convex  from  side  to  side, 
and  terminates  in  a  sharp  cutting-edge  on  each  side,  which  is  lon- 

ger and  more  convex  on  one  side  than  on  the  other  ;  and  the  longer 
edge  is  reflected  a  little  upward.  There  are  a  few  longitudinal  sub- 
parallel  vascular  grooves  in  the  middle  of  this  part  of  the  plate.  On 

the  under  surface  of  this  region  the  bone  is'  flattened  on  the  two sides,  which  converge  towards  a  rounded  ridge  in  the  middle  line, 
which  helps  to  give  strength  to  the  sharp  dagger-like  extremity  in 
which  the  bone  terminates.  The  greatest  thickness  of  this  part 
of  the  plate  in  the  middle  is  ̂   inch.  Its  base  terminates 
abruptly,  perhaps  owing  to  some  crushing  on  the  underside.  The 
middle  oblong  portion  of  the  plate  is  studded  over  with  conical  tu- 

bercles, the  bases  of  which  are  pretty  clearly  defined,  and  the  cones 
are  low,  They  are  arranged  across  the  bone  in  three  rows  with 
four  low  conical  tubercles  in  each  of  the  two  outer  rows  and 
two  larger  tubercles  in  the  middle,  1  inch  in  diameter,  with  three 
on  the  external  margin  of  each,  making  in  all  6  in  the  middle. 
These  tubercles  make  an  elevated  border  abutting  against  the  tri- 

angular spine.  Their  surfaces  are  roughened  with  close-set  irre- 
gular vascular  punctures.  The  smaller  plate  (PL  XXVIII.  fig.  3), 

of  similar  character,  is  rather  better  preserved,  its  total  length 
6 \  inches,  length  of  the  articular  base  5|-  inches.  It  carries  a 
vertically  elevated  spine,  and  the  base  beneath  this  is  deeply  con- 

cave. The  margins  of  the  base  are  smooth  and  well  rounded  as 
already  described  in  the  larger  specimen.  The  width  of  the  base 
is  1-r^-  inch.    At  one  end  the  compressed  spine  rises  at  an  angle 
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from  the  part  of  the  plate  on  which  it  is  situate ;  it  is  somewhat 
fractured  ;  but  its  height  as  preserved  is  nearly  2  J  inches,  and  the 
length  of  its  base  rather  less ;  it  terminates  towards  the  free  extre- 

mity in  a  sharp  cutting-edge.  Its  thickness  in  the  middle  of  the  base 
is  inch;  and  it  tapers  upward  and  outward  towards  both  margins. 
It  is  defined  at  the  base  by  a  constriction  which  appears  to  separate 
it  from  the  plate  from  which  it  rises.  It  is  scored  with  somewhat 
irregular  vertical  vascular  furrows.  The  corresponding  plate  at  the 
other  end  is  much  smaller,  and  is  denned  from  the  under  articular 
surface  by  a  furrow ;  and  a  similar  furrow  appears  to  mark  its  limit 
on  the  upper  surface,  as  though  it  did  not  completely  cover  the  bone 
upon  which  it  rests.  It  is  of  ovate  outline,  2T2^-  inches  long  and  1J 
inch  wide  in  the  middle.  Its  surface  is  undulating,  as  though  the 
free  extremity,  growing  against  another  plate,  had  been  forced  up 
into  an  elevation.  It  has  the  aspect  of  projecting  on  one  side  be- 

yond the  bone  on  which  it  rests,  and  is  then  sharply  compressed,  and 
terminates  in  a  cutting-margin  which  is  convex  in  length.  The  in- 

terspace between  these  terminal  plates  is  rhomboidal,  about  1T90  inch 
in  length,  and  is  covered  with  conical  tubercles,  the  largest  of  which 

is  y7^  inch  long  and  about  |  inch  high.  These  tubercles  are  about 
5  in  number,  the  3  largest  being  on  one  side. 

The  next  series  of  dermal  bones  are  all  longitudinally  carinate. 
They  may,  perhaps,  be  divided  into  such  as  have  the  base  angularly 
excavated,  as  though  they  were  median  bones  of  the  dorsal  or 
caudal  region,  and  such  as  have  the  base  comparatively  flattened  ; 
and  in  these  latter  the  keel  becomes  greatly  reduced  in  height: 
these  bones  are  probably  lateral.  Judging  from  the  example  of 
Stagonolepis,  I  am  inclined  to  believe  that  most  of  these  plates 
pertain  to  the  tail.  There  are  four  plates,  each  about  2T%  inches 
long,  with  an  ovate  base  having  a  rough  margin,  rising  into  a  sharp 
cutting  median  keel  about  2  inches  in  height,  which  has  a  ver- 

tical sharp  margin  behind  and  a  convex  margin  over  the  length 
of  the  plate  (PI.  XXX.  fig.  2).  The  sides  of  these  plates  are  con- 

cave from  above  downward,  and  convex  in  length  ;  but  they  are 
all  somewhat  distorted  by  pressure.  They  thin  away  at  the  free 
margin  to  about  inch  in  thickness.  Four  other  plates,  also  an- 

gular on  the  underside,  are  much  more  elongated,  and  clearly  over- 
lap each  other  at  one  end,  which  may  be  presumed  to  be  posterior. 

The  largest  of  these  plates  is  6|  inches  long,  inch  wide  where 
widest  behind,  and  2  j  inches  high  in  the  highest  part  of  the  sharp 
compressed  keel.  One  side  of  this  plate  is  moderately  concave  from 
above  downward;  the  other  side  is  plano-convex;  and  posteriorly  the 
underpart  of  the  bone  has  the  aspect  of  being  obliquely  truncated — 
a  character  which  results  from  the  posterior  2|-  inches  rising  free 
from  the  basal  attachment  so  as  to  terminate  in  an  upward  and 
backwardly  directed  spine,  which  overlapped  the  next  succeeding 
plate.  The  crest  of  the  median  ridge  has  a  very  slight  sigmoid 
flexure.  Attached  to  this  bone  on  one  side  is  a  small  fragment 
which  appears  to  be  a  broken  portion  of  the  proximal  end  of  the 
dorsal  rib.  Other  plates  are  somewhat  flatter  and  relatively  broader; 
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one  which  measures  nearly  5  inches  in  length  has  a  subrhomboidal 
outline,  two  long  sides  converging  in  front,  and  a  short  pair  of  sides 
converging  behind.  The  greatest  width  of  the  plate  is  2g  inches. 
The  greatest  length  of  the  flat  part  of  the  base  is  3|  inches  ;  and 
the  posterior  1|  inch  rises  into  a  strong  spine,  which  terminates  the 
median  crest,  is  1T9^  inch  high,  compressed  behind  and  above.  The 
crest  gradually  diminishes  in  height  from  this  spine  forward  till  it 
dies  away  at  the  anterior  end.  The  outline  of  the  crest  is  very 
slightly  sigmoid.  The  crest  has  a  compressed  aspect,  as  though  it 
had  been  naturally  squeezed  from  side  to  side  in  its  upper  half. 

There  are  numerous  smaller  sharply  carinate  plates  of  a  some- 
what ovate  outline,  with  the  keel  placed  nearer  towards  one  margin 

than  the  other,  and  always  becoming  a  little  more  elevated  towards 
one  end,  where  it  is  truncated.  And  these  plates,  though  mostly  flat 
on  the  underside,  always  have  the  end  on  which  the  ridge  is  highest 
bent  a  little  upward,  as  though  to  overlap  the  next  succeeding  plate. 
These  plates  vary  in  size :  one  is  2^  inches  long,  1T6^-  inch  wide, 
and  has  the  keel  ̂ -J  inch  high  ;  another  is  2-^  inches  long,  lT7ff  inch 
wide,  and  has  the  keel  ̂   inch  high  posteriorly. 

Another  remarkable  series  of  plates  is  distinguished  by  extreme 
thinness.  They  appear  all  to  have  been  subrhomboidal  and  to  have 
had  the  keel  scarcely  elevated. 

The  largest  is  about  2y^-  inches  long,  and  more  than  2T\  inches 
wide.  The  under  surface  is  smooth  and  slightly  convex.  The  su- 

perior and  inferior  margins  converge  to  a  sharp  but  irregular  edge ; 
the  thickness  of  the  body  of  the  plate  is  about  inch,  though  many 
of  the  plates  are  much  thinner ;  and  the  thickness  in  the  line  of  the 
median  ridge  is  abont  j%  inch.  This  slight  keel  does  not  extend  to 
either  extremity  of  the  plate:  but  the  margin  of  each  plate  is  turned 
up  towards  one  of  the  posterior  sides,  as  though  they  still  obliquely 
overlapped  (PI.  XXXI.  fig.  3).  The  surface  of  these  plates  is 
slightly  concave  on  each  side  of  the  median  ridge,  and  there  scored 
with  vascular  markings  which  ascend  towards  the  ridge  and  ramify 
and  interlace.  Their  prevailing  direction  in  the  plates  with  more 
elevated  keels  is  towards  the  posterior  spine.  There  are  a  few 
slightly  thicker  plates  which  have  no  trace  of  keel,  but  are  flat 
below  and  gently  convex  above  (Pi.  XXVIII.  fig.  5),  with  a  deep 
Y-shaped  vascular  groove  on  each,  and  a  sharp  margin.  The 
smallest  and  best-preserved  is  1T4^-  inch  long,  and        inch  wide. 

Some  fragments  of  crest-spines,  broken  away  from  the  bases,  in- 
dicate plates  of  a  larger  size  than  any  thing  here  described.  The 

plates  appear  to  have  been  remarkable  for  their  great  side-to-side  com- 
pression, the  posterior  elevation  of  the  crest,  and  the  sharpness  of 

the  spine,  which,  in  fragments  preserved,  extended  to  a  height  of  5 
inches  where  the  antero-posterior  measurement  is  only  about  3 
inches,  and  the  greatest  thickness  of  the  spine  from  side  to  side  is  only 

inch  (at  the  inferior  fracture). 
There  is  also  a  fragment  indicating  that  the  plates  in  which  the  keel 

is  almost  suppressed,  in  some  regions  attained  a  larger  size  than  has 
here  been  described. 
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One  such  fragment  as  preserved  is  about  5  inches  long  and  rather 
wider,  with  apparent!}'  two  slight  keel-like  ridges  parallel  to  each 
other.  The  greatest  height  of  the  crest  in  this  specimen  is  about 

|f  inch. If  all  this  armour  is  correctly  referred  to  the  genus  Cratceomus, 
it  furnishes  one  of  the  most  distinctive  generic  characters  of  this 
type.  I  do  not  remember  any  described  genus  in  which  large 
tubercled  plates  such  as  are  here  figured  have  been  found,  though 
an  isolated  plate  was  described  from  the  Wealden  of  the  Isle  of 

Wight  many  years  ago*  as  showing  a  not  dissimilar  ornament. 
Other  plates  are  so  similar  to  armour  of  Scelidosaurus,  especially  the 
median-keeled  caudal  plates,  as  to  enable  us  to  concur  with  Biinzel 
in  recognizing  a  strong  affinity  to  that  genus,  which,  however,  does 
not  amount  to  identity.  Cratceomus  was  more  heavily  armoured. 
It  is  difficult  to  say  whether  its  armour  has  more  in  common 
with  the  bony  tubercles  which  occur  on  the  limbs  and  tail  of  many 
Chelonians,  or  approximates  better  to  the  bony  scutes  of  certain 
lizards  and  crocodiles ;  for  it  is  so  distinct  that  no  near  parallel 
can  be  drawn  between  the  armour  of  Dinosaurs  and  that  of  living 
reptiles ;  nor  if  the  comparison  were  possible  would  it  have  much 
weight  as  a  mark  of  organic  affinity. 

Scapulce. 
Three  specimens  of  Dinosaurian  scapula)  have  been  obtained  ;  two 

are  larger  than  the  other,  and  belong  to  a  distinct  species.  The  two 
larger  specimens  were  figured  by  Biinzel,  and  regarded  by  him  as 
left  ribs  of  his  imaginary  Lacertilian  genus  Danubiosaurus  and  the 
type  of  his  species  D.  anceps.  They  are  left  scapulae.  The  smaller 
specimen  obtained  subsequently  is  a  right  scapula.  I  refer  the 
larger  bones  to  the  animal  indicated  by  the  larger  limb-bones  (Cra- 
tceomus  Paivlowitschii),  though,  as  the  smaller  specimen  is  little  more 
than  half  the  size,  the  disproportion  in  the  scapulae  is  much  greater 
than  would  have  been  anticipated  in  the  two  species. 

Left  Scapula. 
(See  Biinzel,  pi.  v.  figs.  7-9,  pl.vi.  figs.  1-3.) 

The  scapula  (rig.  A,  p.  656)  is  remarkable  for  its  great  breadth,  its 
curved  form,  its  compressed  aspect,  and  the  remarkable  acromial  pro- 

cess in  which  its  slight  spine  terminates.  The  specimen  has  been  a 
little  crushed,  and  is  not  quite  perfect  at  its  distal  end ;  the  whole 
surface  for  union  with  the  coracoid  is  destroyed  by  decomposition,  and 
slightly  injured  by  fracture.  What  remains  of  the  articular  surface 
for  the  humerus  is  a  semiovate  surface  5|  centim.  wide  and  rather 
longer.  It  is  margined  by  an  elevated  ridge,  has  the  usual  roughness 
of  cartilaginous  surfaces,  andismore  concave  than  usual,  both  in  length 
and  breadth.  The  inner  or  visceral  margin  of  the  bone  appears 
to  have  been  more  convex  than  the  external  margin.  Both  are 
somewhat  inflated ;  and  the  external  surface  and  posterior  margin 

*  J.  E.  Lee,  Ann.  &  Mag.  Nat.  Hist.  vol.  xi.  p.  5,  reprinted  in  his  '  JNote 
Book  of  a  Geologist.' 
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especially  are  roughened  with  ligamentous  attachments  and  mus- 
cular rugosities.  The  thickness  of  the  bone  rapidly  "diminishes above  the  articulation  ;  and  it  continues  to  become  thinner  towards 

the  free  end,  where  the  thickness  does  not  exceed  a  centimetre 
and  a  half.  The  posterior  margin  is  compressed  and  rounded, 
the  rounding  becoming  more  conspicuous  as  the  surface  ap- 

proaches the  humeral  articulation,  owing  to  the  increasing  thick- 
ness of  the  bone.  The  length  of  the  posterior  side  of  the  bone  is 

about  25  centim. ;  its  outline  is  concave  ;  the  concavity,  as  preserved, 
may  be  indicated  by  the  fact  that  the  chord  joining  its  two  ex- 

tremities is  21  centim.  long,  and  the  abscissa  6  centim.  high.  The 
corresponding  anterior  margin  is  not  quite  parallel,  since  the  bone 
is  wider  in  its  upper  third  than  in  its  lower  third;  and  hence  the 
anterior  margin  is  more  convex.  The  least  transverse  measurement 
above  what  may  be  termed  the  spine  of  the  scapula  is  6|  centim. 
In  the  upper  third  of  the  bone  the  width  has  increased  to  upwards 
of  8  centim.;  it  then  contracts  a  little  to  less  than  8  centim.,  so  as 
to  make  the  anterior  termination  of  the  superior  margin  concave ; 
for  the  bone  widens  once  more,  so  as  to  become  broader  than  ever 
at  its  free  end.  The  posterior  corner  of  the  free  end  appears  to 
be  curved  a  little  outward.  The  external  surface  is  smooth,  con- 

vex in  length,  and  more  convex  in  breadth  at  the  distal  end  than 
proximally.  The  visceral  surface  exhibits  corresponding  characters. 
The  anterior  margin  of  the  bone  is  thicker,  better  rounded  than 
the  posterior  margin,  and  rougher  with  muscular  attachments.  As 
preserved,  the  measurement  from  acromion  to  the  anterior  distal 
margin  is  23  centim.  in  a  straight  line.  In  about  the  middle  of 
the  anterior  margin  the  bone  becomes  appreciably  thickened  on 
the  inner  side  with  muscular  attachments,  and  the  thickness  in- 

creases until  a  vertical  anterior  shoulder  is  formed  almost  at  right 
angles  to  the  spine  of  the  scapula,  extending  downward  and  inward 
towards  the  coracoid  area.  Only  a  small  portion  of  this  trian- 

gular space  is  preserved ;  but  so  much  of  it  as  is  seen  below  the 
acromion  is  4  centim.  deep.  The  spine  of  the  scapula  only  runs  for 
a  short  distance  along  the  proximal  part  of  its  surface,  and  is  diffi- 

cult to  define,  because  the  bone  is  obviously  compressed  so  as  to 
make  the  surface  posterior  to  the  spine  appear  more  concave  than 
it  really  was ;  but  the  spine  may  be  considered  to  originate  in 
the  thickening  of  the  anterior  margin  of  the  bone  already  alluded 
to  ;  and  it  becomes  most  distinct  a  centimetre  or  two  above  the 
acromion,  where  it  is  1^  centim.  wide,  flat  above,  and  margined  at 
the  sides  by  rounded  ridges.  It  is  prolonged  into  a  free  process  or 
acromion,  which  was  directed  forward  and  outward.  This  process  is 
a  little  crushed,  is  nearly  5  centim.  long,  33  millim.  broad,  and,  as 
preserved,  about  2  centim.  thick,  though  before  crushing  it  was 
thicker  ;  the  corners  and  angles  of  its  free  end  are  rounded ;  and 
the  inferior  or  internal  surface  is  concave,  since  it  rises  from  the 
anterior  coracoid  border  of  the  bone.  The  plane  of  the  acromion  is 

parallel  to  that  of  the  blade  of  the  scapula,  and  makes  an  angle  of  45° 
with  the  direction  of  the  humeral  articular  surface.    The  distance 
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Scajoulce  of  Crateeomus  Pawlowitschii  and  C.  lepidophorus. 

A.  Left  scapula  of  Cratesomus  Pawlowitschii. 
B.  Right  scapula  (drawn  reversed  for  comparison)  of  Cratceomus 

lepidophorus. 
1.  Humeral  articulation.  2.  Acromion  process. 
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of  i  ts  inferior  border  from,  the  humeral  articular  surface  is  between 
6  and  7  centim.  From  the  inferior  margin  of  the  acromion  descends 
a  strong  rounded  ridge  which  divides  the  part  of  the  bone  above  the 
humeral  articulation  into  anterior  and  posterior  areas,  and,  but  for 
the  intervening  acromion  process,  would  look  like  a  continuation  of 
the  spine.  This  ridge  dies  away  before  reaching  the  humeral  arti- 

culation. Posterior  to  the  acromion  the  surface  of  the  scapula  is 
broadly  channelled.  In  its  singular  curvature  and  development  of 
the  acromion  it  is  unlike  the  scapula  of  any  other  Dinosaur. 

The  second  specimen,  though  evidently  belonging  to  the  same  spe- 
cies, is  a  little  smaller  ;  it  has  been  reconstructed  out  of  even  a  larger 

number  of  fragments  than  the  specimen  described.  The  proximal 
part  of  the  bone  is  wanting,  the  fracture  having  removed  the  arti- 

cular region  and  acromion  process  ;  but  this  portion  was  compressed 
from  side  to  side  ;  the  anterior  margin  of  the  bone,  however,  appears 
to  be  thicker,  and  the  cavity  in  front  of  the  acromion  is  more 
marked,  than  in  the  specimen  here  figured.  Distally  a  portion  of  the 
terminal  free  margin  of  the  bone  is  preserved,  showing  that  it  was 
obliquely  truncated  and  somewhat  thickened  and  roughened  with 
muscular  attachments,  especially  towards  the  posterior  border ;  the 
specimen,  as  preserved,  is  27  centim.  long  and  about  76  millim. 
wide  in  the  blade,  where  it  is  widest.  The  details  of  the  two  bones 
otherwise  present  the  closest  agreement. 

Distal  End  of  Humerus. 
A  large  humerus  is  unfortunately  only  known  from  its  distal  end 

(PI.  XXIX.  fig.  4),  which  has  decayed  in  the  manner  so  frequent 
with  these  fossils,  and  as  though  indicating  that  the  terminal  end 
had  been  a  distal  epiphysis  similar  to  that  which  characterizes  the 
long  bones  in  the  order  Sauropterygia,  which  may  have  separated 
from  the  shaft  absolutely  or  decayed  in  consequence  of  the  less  per- 

fect ossification  of  its  cartilaginous  substance. 
This  fragment  is  little  more  than  4  inches  long.  It  exhibits  at 

the  proximal  end  a  natural  fracture,  made  during  extraction  from 
the  rock  ;  and  here  the  bone  is  1^0  inch  thick,  ly^-  inch  wide,  ovate 
in  outline,  with  an  angular  bulge  towards  the  middle  of  the  superior 
surface — a  bulge  which  indicates  a  ridge  similar  to  that  referred 
to  in  the  more  perfect  specimens  of  the  other  species  (PI.  XXIX. 
fig.  1).  I  regard  this  specimen  as  the  distal  half  of  a  left  humerus 
of  Cratceomus  Paivloivitscliii. 

The  fracture  is  somewhat  interesting  as  showing  the  existence 
of  a  central  medullary  cavity  (PI.  XXIX.  fig.  5).  This  cavity  is 
y7^  inch  long  and  more  than  |  inch  wide ;  so  that  the  bone  round 
it  is  about  half  an  inch  thick ;  and  this  contrasts  remarkably  with 
the  thinness  of  the  terminal  and  irregular  edges  of  the  distal  margin 
of  the  shaft,  which  is  nowhere  much  more  than  y1^  inch  thick,  though 
becoming  somewhat  thicker  as  it  extends  proximally.  The  cavity 
is  relatively  smaller  in  the  second  species.  The  superior  surface  is 
unfortunately  somewhat  crushed ;  and  the  whole  specimen  has  been 
pieced  together,  like  so  many  of  these  remains,  with  great  patience, 

Q.J.G.S.  No.  148.  2x 
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skill,  and  success.  The  shaft  does  not  widen  quite  so  rapidly  towards 
the  distal  end  as  in  the  smaller  species,  since  the  bone  is  2|  inches 
wide  only  at  2 j  inches  further  towards  the  distal  extremity.  The 
surface  is  remarkably  smooth  and  free  from  muscular  markings, 
except  on  what  I  regard  as  the  outer  side.  This  is  roughened ;  and 
rather  above  its  middle  there  is  a  chain  of  strong  muscular  eminences 
(which  appear  to  be  much  in  the  position  of  the  inner  straight  ridge 
described  in  Oratceomus  lepidophorus,  in  which,  however,  the  ridge 
was  only  developed  proximally).  Here  it  is  strong  distally,  and 
would  seem  to  have  extended  to  the  terminal  articulation.  The 
middle  of  the  inferior  aspect  is  marked  by  a  straight  vascular  groove 
about  an  inch  long  in  the  upper  half  of  the  fragment :  and  at  the 
extreme  distal  margin  towards  the  inner  side  there  is  a  vertically 
ovate  muscular  pit  about  1  inch  long.  The  distal  extremity  appears  to 
be  curved  downward  and  outward  rather  more  than  usual,  while  the 
surface  is  more  than  usually  convex.  The  sides,  which  are  slightly 
concave  in  length,  are  comparatively  straight.  The  extreme  width, 
as  preserved  distally  is  3  inches ;  but  this  is  fully  1  inch  short  of 
what  must  have  been  the  end  of  the  specimen. 

Femur. 

(See  Blinzel,  pi.  iii.  figs.  2-4.) 

The  shaft  of  the  right  femur  which  I  refer  to  this  species  is  very 
well  preserved  ;  but  there  is  no  trace  of  the  articular  extremities, 
which  disappeared  before  the  bone  was  imbedded  in  the  matrix  ; 
and  towards  the  articular  ends  the  bone  is  crushed,  on  the  posterior 
aspect  proximally,  and  at  the  distal  end  in  front.  There  is,  how- 

ever, quite  enough  preserved  to  indicate  a  very  distinct  animal  from 
that  referred  to  Cratceomus  lepidopliorus  (PL  XXXI.  fig.  5),  to 
which,  however,  it  was  nearly  related  in  femoral  character.  The 
fragment  (PI.  XXXI.  fig.  1)  is  11  inches  long  and  ly7^  inch  wide 
in  the  lower  third  of  the  shaft,  is  remarkably  cylindrical,  has  the 
muscular  ridges  on  the  anterior  surface  strongly  developed,  while 
the  inner  middle  trochanter  of  the  shaft  would  not  be  recognized  as 
such,  so  feebly  is  it  developed,  were  it  not  for  the  characters  of  the 
other  species.  As  preserved,  the  appearance  of  the  bone  is  remark- 

ably mammalian.    When  perfect,  it  may  have  been  15  inches  long. 
The  fragment  of  the  corresponding  left  femur  is  scarcely  at  all 

compressed,  but  was  so  far  destroyed  before  mineralization  that 
only  7  inches  of  its  length  now  remain,  showing  the  lower  half  of 
the  shaft  to  be  subtriangular  in  section,  being  flattened  behind  and 
somewhat  compressed  towards  the  median  muscular  ridge  in  front. 

The  following  description  is  drawn  from  the  representative  of  the 
right  limb  (PI.  XXXI.  fig.  1).  The  bone,  which  is  most  constricted 
in  the  lower  third,  widens  in  the  usual  way  towards  both  proximal 
and  distal  ends ;  and  its  most  remarkable  feature  is  the  inflation  of 
the  proximal  half  of  the  dorsal  or  anterior  half  of  the  shaft  in  the 
line  of  the  median  longitudinal  muscular  ridge.  This  ridge  is  strong  ; 
and  its  crest  is  broken  into  short  lengths  of  from  half  to  three  quarters 



FAUNA  OF  THE  GOSATJ  FORMATION". 659 

of  an  inch ;  it  originates  distally  in  the  part  of  the  shaft  which  is  most 
constricted,  runs  rather  nearer  to  the  external  than  to  the  internal 
margin,  and  increases  in  strength  proximally  till  it  becomes  T2^  inch 
wide,  where  the  shaft  is  3  inches  in  diameter.  All  that  part  of  the 
shaft  which  is  external  to  the  ridge  is  obliquely  flattened,  with  a 
slight  increase  of  inflation  towards  the  proximal  end,  but  without  the 
slightest  indication  of  the  formation  of  a  proximal  trochanter,  which 
presumably  was  not  developed,  though  the  absence  of  this  struc- 

ture may  be  due  to  mutilation.  The  inner  side  of  the  shaft  is  rather 
more  convex  than  the  outer  side  ;  but  on  its  upper  side  there  curves 
round  from  where  the  lateral  trochanter  should  be,  a  muscular  ridge, 
which  is  rather  stronger  but  less  well  denned  than  the  principal 
median  ridge,  towards  which  it  very  slowly  converges  proximally. 
At  first  the  width  between  the  ridges  is  nearly  1|  inch  :  but  at 
3  inches  nearer  to  the  proximal  end  it  is  narrowed  to  1^  inch ;  and 
as  it  narrows,  the  area  thus  defined  between  the  muscular  ridges, 
which  is  at  first  fiat,  becomes  very  markedly  concave.  Proximally 
the  bone  curves  inward  as  though  approaching  the  terminal  arti- 

cular head,  and  the  space  external  to  the  inner  ridge  is  fairly  well 
rounded.  The  proximal  half  of  the  posterior  aspect  of  the  bone  is 
somewhat  crushed,  and  appears  to  have  been  more  convex  than 
usual.  It  may  have  terminated  towards  the  outer  side  in  a  slight 
ridge,  and  shows  but  very  slight  or  uncertain  indications  of  the 
posterior  muscular  ridge  seen  in  the  second  species.  The  lateral 
trochanteroid  muscular  indication  is  placed  a  little  higher  up  than 
is  usual  with  the  lateral  trochanter  ;  it  is  about  1^  inch  long,  slightly 
elevated  and  rounded;  its  proximal  end  inclines  slightly  towards 
the  anterior  face  of  the  bone.  The  lateral  outline  of  the  bone  is 
here  markedly  convex. 

The  distal  end  of  the  bone  gives  no  indication  of  the  widening 
on  the  outer  side  of  the  articulation  which  is  so  often  met  with, 
since  it  is  flattened  and  straight  externally.  Posteriorly  there  is 
a  moderately  deep  broad  channel  inclined  a  little  outward ;  it  was 
evidently  prolonged  between  fhe  condyles,  and  shows  the  outer 
condyle,  as  usual,  to  have  been  small,  while  the  inner  condyle  was 
large.  The  bone  appears  to  have  been  quite  as  much  thickened  as 
usual  at  the  distal  end,  though  only  the  backward  curve  of  the  shaft 
and  no  part  of  the  articulation  itself  is  preserved.  The  whole  sur- 

face of  the  shaft  is  remarkable  for  the  longitudinal  muscular  rough- 
nesses, which  are  more  marked  than  in  any  reptile  bone  that  I  have 

ever  seen. 
Tibia. 

Apair  of  large  limb-bones,  both  8  inches  long,  as  preserved,  but  muti- 
lated before  fossilization,  so  that  no  trace  is  shown  of  either  proximal 

or  distal  articulations,  present,  however,  characters  which  unmista- 
kably show  them  to  be  the  tibial  bones  (PI.  XXXI.  fig.  2).  The  frag- 
ments are  straight  on  the  inner  side.  The  shaft  bends  inward  a  little  at 

the  distal  end,  has  a  long  anterior  crest  immensely  developed  forward 
at  the  proximal  end,  and  sends  out  a  compressed  process  on  the  outer 

2x2 
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side.  The  bone  measures  from  back  to  front  at  the  proximal  end  3|- 
inches,  while  the  middle  of  the  shaft  measures  1|-  inch,  and  the  distal 
end  1|  inch.  The  whole  inner  surface  is  remarkably  flattened,  and, 
except  for  the  usual  distal  widening,  shows  no  character  that  calls 
for  remark.  The  posterior  aspect  is  badly  defined,  somewhat  flat- 

tened towards  the  distal  end,  where  the  bone  is  rough  with  muscular 
markings,  and  1^  inch  from  side  to  side.  The  thickness  in  the 
middle  of  the  shaft  is  apparently  less,  though  the  bone  may  be  some- 

what compressed ;  and  the  thickness  varies  in  the  two  specimens.  In 
length,  the  posterior  outline  is  slightly  concave  in  the  middle  of  the 
shaft,  and  slightly  convex  in  its  upper  portion,  where  it  is  well 
rounded  from  side  to  side.  The  outer  surface  of  the  bone  is  convex 
from  back  to  front,  and  slightly  concave  in  length.  It  becomes 
compressed  proximally  ;  so  that  it  is  divided  by  an  elevated  median 
ridge  into  two  portions — the  posterior  somewhat  flattened  and  look- 

ing obliquely  outward  and  backward,  while  the  anterior  half  is 
deeply  concave,  the  concavity  resulting  from  the  natural  compres- 

sion of  the  shaft  anteriorly,  so  as  to  form  an  immense  patelloid 
crest  something  after  the  pattern  of  that  figured  by  Leidy  as  cha- 

racterizing Ccdosaurus.  The  anterior  margin  is  somewhat  sharp, 
and  is  defined  at  the  distal  end  by  a  slight  angular  ridge,  which  above 
the  middle  of  the  shaft  extends  inward  ;  so  that  the  proximal  por- 

tion of  the  anterior  outline  becomes  convex  from  side  to  side,  though 
the  side-to-side  compression  increases,  and  the  bone,  where  frac- 

tured, is  again  increasing  in  width  from  side  to  side,  and  measures 
h  inch.  The  upper  part  of  the  shaft  has  a  sub  triangular  section, 
owing  to  the  elevation  of  the  external  or  fibular  ridge.  Fibulas  of 
two  sizes  occur ;  but  the  larger  specimen  is  so  small  that  I  have 
noticed  it  under  the  next  species. 

Ckatjeomus  lepidophorus,  Seeley. 

In.  grouping  together  the  remains  which  are  now  to  be  described 
I  have  been  influenced  partly  by  their  anatomical  characters,  partly 
by  size,  and  partly  by  the  fact  that  I  have  no  evidence  of  the  limb- 
bones  of  a  third  species  of  the  same  genus  to  which  any  of  the 
bones  might  be  referred.  The  specific  distinctness  of  this  smaller 
Dinosaur  will  be  found  well  indicated  by  the  characters  of  the 
scapula,  humerus,  femur,  and  vertebra.  The  armour  is  probably 
undistinguishable  from  that  of  the  larger  species ;  and  at  present 
there  is  no  sufficient  ground  for  saying  how  much  of  that  already 
described  belonged  to  Cratceomus  lepidophorus. 

Left  Coracoid. 
(See  Biinzel,  pi.  iv.  fig.  3.) 

The  left  coracoid  is  very  imperfectly  preserved,  giving  no  indica- 
tion of  the  outline  of  the  bone,  no  trace,  or  even  indication  of  direc- 

tion, of  its  union  with  the  scapula,  and  showing  the  articular  surface 
for  the  humerus  but  imperfectly.  The  bone,  however,  is  perfectly 
recognizable ;  it  has  been  figured  by  Biinzel  as  the  right  side  of 
the  ilium  of  Iguanodon  Mantelli.     Since  no  other  example  of  a 
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Dinosaurian  coracoid  occurs  in  this  formation,  it  may  be  useful  to 
record  the  few  indications  and  characters  which  it  displays.  The 
length  of  the  fragment  is  about  11|  centim. ;  its  breadth  is  4. J 
centim.  I  infer  it  to  have  been  a  bone,  however,  fashioned  on 
the  plan  of  the  coracoid  of  Hylceosaurus  or  Scelidosaurus.  The  bone 
thickened  considerably  towards  the  articular  surface  for  the  humerus, 
where  the  greatest  transverse  measurement  is  36  millim.,  though, 
being  eroded,  this  may  not  have  been  its  widest  point.  The  length 
of  the  articulation  is  about  65  millim. ;  but,  from  the  state  of  preser- 

vation of  the  specimen,  this  can  only  be  given  approximately.  There 
are  some  irregularities  on  the  surface  which  would  suggest  car- 

tilaginous covering,  such  as  is  indicated  by  the  articular  end  of 
the  scapula.  In  length,  the  surface  is  slightly  concave.  Below 
the  articular  surface  the  bone  is  excavated  concavely  in  length, 
though  the  excavation  is  not  very  deep.  This  inferior  surface  is  ob- 

liquely compressed  on  the  inner  side,  so  that  a  slight  and  rounded 
ridge  extends  downward  from  the  articular  surface  on  the  outer 
margin  of  the  bone.  The  excavation  extends  slightly  under  the 
articular  surface.  The  visceral  surface  is  so  eroded  as  to  be  almost 
unrecognizable,  only  one  or  two  patches  of  unworn  bony  surface  being 
preserved.  The  external  aspect  towards  the  scapular  articulation  is 
roughened  with  longitudinal  ridges.  The  middle  part  of  the  bone 
appears  to  be  smooth,  but  carries  a  row  of  seven  or  eight  vascular 
pits  close  to  the  elevated  and  compressed  margin  of  the  humeral 
articular  surface,  in  front  of  which  is  a  broad  shallow  furrow,  as 
though  the  thumb  had  been  drawn  over  a  plastic  substance.  This 
furrow  becomes  wider  as  it  extends  downward,  and  at  its  distal  termi- 

nation is  margined  by  slight  muscular  rugosities.  Distant  3  centim. 
from  the  upper  part  of  the  humeral  articulation,  and  rather  more, 
apparently,  from  the  margin  of  the  scapula,  was  the  coracoid  foramen, 
which  was  about  15  millim.  in  length  and  probably  ovate  or  pear- 
shaped,  though  its  outline  is  imperfectly  preserved.  The  external 
surface  of  the  bone  appears  to  have  been  convex  both  in  length  and 
breadth.  The  size  of  the  bone  can  only  be  inferred  from  comparison 
with  allied  genera.  From  its  imperfect  condition  I  do  not  feel 
assured  that  this  bone  may  not  belong  to  the  larger  species. 

Bight  Scapula* 

This  comparatively  small  bone,  though  corresponding  in  a  general 
way  with  the  larger  specimens  described  (see  fig.  B,  p.  656),  presents 
remarkable  differences,  which  enforce  the  conviction  that  it  belongs 
to  a  very  distinct  species.  The  blade  of  the  bone  is  flat,  and  presents 
no  curvature  of  plane ;  its  anterior  margin  is  relatively  straighter ;  the 
acromion  was  smaller  and  differently  placed,  and  approached  almost 
to  the  margin  of  the  humeral  articulation.  As  in  the  other  species, 
the  surface  for  union  with  the  coracoid  is  eroded,  though  apparently 
to  no  great  extent :  and  though  the  bone  is  imperfect  at  the  oppo- 

site free  end,  there  is  no  reason  to  suppose  that  it  extended  appre- 
ciably beyond  the  part  preserved.    The  extreme  length  of  the  spe- 



662 PROF.  H.  Cr.  SEELE  I  ON  THE  REPTILE 

cimen  is  18|  centim.  The  length  of  the  posterior  margin  to  the 
humeral  articulation  is  about  15  centim.,  the  length  of  the  chord  of 
the  arc  of  the  posterior  curvature  is  13|  centim.,  and  the  abscissa 
is  about  28  millim. ;  so  that  the  curvature  is  much  less  than  in  the 
large  species.  The  posterior  margin  is  also  more  inflated ;  it  is 
similarly  sharp  at  its  distal  end ;  but  the  bone  thickens  steadily 
towards  the  humeral  end,  where  it  rapidly  expands,  chiefly  on  the 
inner  side,  to  form  the  humeral  articular  surface.  The  posterior 
margin  is  more  rounded  on  the  external  than  on  the  internal  sur- 

face, giving  the  effect  of  an  obscure  ridge  along  the  visceral  border 
of  this  outline  of  the  bone.  The  anterior  border  is  also  well  rounded 
and  thicker  than  the  posterior  border,  the  thickness  in  the  middle  of 
the  blade  being  about  12  millim.  The  outline  divides  itself  into  a 
proximal  part,  which  is  concave,  and  a  distal  part,  which  is  straight. 
The  middle  convexity  of  the  outline  is  much  less  pronounced  than  in 
the  larger  species.  The  concavity  towards  the  proximal  end  is  due 
to  the  prolongation  forward  of  the  comparatively  thin  process  for 
union  with  the  coracoid.  The  middle  part  of  the  anterior  margin  is 
marked  with  fine  parallel  muscular  ridges ;  and  from  this  region 
the  spine  of  the  scapula  is  prolonged  downward  obliquely  across  the 
bone,  so  that  it  terminates  at  about  the  middle  of  the  proximal  end 
of  the  bone,  which  is  9  centim.  wide.  The  least  width  of  the  blade  in 
the  middle  of  the  concavity  on  the  anterior  side  of  the  margin  is  less 
than  5  centim.  The  width  at  the  origin  of  the  spine  of  the  scapula 
is  about  53  millim.;  and  the  width  at  the  distal  end,  as  preserved,  is 
6|  centim.  The  spine  is  remarkably  straight ;  and  even  the  length 
to  its  acromial  termination  is  nearly  10  centim.  ;  it  does  not  so 
much  suggest  the  form  of  spine  in  a  mammalian  scapula  as  that  of 
Hatteria,  existing  as  a  broad  rounded  ridge,  which  divides  the 
proximal  end  of  the  external  surface  of  the  bone  into  two  areas, 
which  are  both  concave  in  length,  though  the  outer  subtriangular 
area  is  rather  wider  and  shallower.  The  acromial  process  is  imper- 

fectly preserved  proximally  ;  and  hence  the  spine  appears  to  termi- 
nate in  a  rounded  ridge  which  is  about  2  centim.  high  and  ap- 

proaches to  within  a  centim.  and.  a  half  of  the  humeral  articulation. 
The  thickness  of  the  bone  from  the  internal  to  the  external  surface 
at  the  worn  or  eroded  termination  of  the  spine  of  the  scapula  is  4 
centim.  The  width  of  the  process  is  less  than  1^  centim. ;  and  the 
measurement  from  its  outer  border  to  the  anterior  coracoid  margin 
is  about  5  centim.,  or  over  4  centim.  from  its  inner  margin  to  the 
posterior  humeral  articulation.  The  visceral  surface  is  remarkably 
flat ;  but  beneath  the  region  occupied  by  the  spine  the  base  was 
somewhat  concave.  The  humeral  articular  surface  obliquely  trun- 

cates the  inner  half  of  the  proximal  end.  It  is  much  roughened  and 
grooved  with  the  marks  of  a  cartilaginous  epiphysis,  and  was  broader 
in  proportion  to  its  length  than  in  the  larger  species.  It  shows 
some  sign  of  crushing,  and  is  fully  4  centim.  wide  and  47  millim. 
long.  Its  posterior  outline  is  much  broader  than  in  the  larger  spe- 

cies ;  and  the  axis  of  the  articular  surface  was  not  materially  different 
from  the  plane  of  the  blade.    The  thickness  of  the  anterior  coracoid 
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process  was  but  little  more  than  1  \  centim.  where  widest,  and  became 
somewhat  narrower  as  it  extended  outward. 

Humerus. 

Both  the  right  and  left  humeri  are  strong  bones  (PL  XXIX. 
figs.  1-3)  which,  previously  to  fossilization,  had  lost  both  proximal 
and  distal  articular  ends.  They  are  of  exactly  the  same  length  as  pre- 

served, and  are  mutilated  in  almost  the  same  manner,  the  distal  ends 
especially  being  obliquely  truncated  from  behind  forward ;  and  they 
show  a  subquadrate  section.  The  right  humerus  is  slightly  the 
more  perfect ;  and  neither  bone  is  distorted  by  pressure. 

The  fragments  are  8  inches  long ;  and,  as  preserved,  the  right 
humerus  is  4-j  inches  wide  at  the  proximal  end  ;  the  left  humerus  is 
4  inches  wide ;  the  shaft  is  most  constricted  in  the  middle,  where  it 

measures  1T7^  inch  from  side  to  side ;  there  is  no  corresponding  con- 
striction from  back  to  front ;  but  in  this  position  the  anteropos- 

terior measurement  is  1^  inch.  The  bone  widens  distally  ;  but,  as 
preserved,  the  distal  measurement  from  side  to  side  is  only  2T^- 
inches.  The  proximal  articular  head  was  nearly  in  the  same  plane 
as  the  distal  end.  The  inner  lateral  outline  is  gently  concave ; 
the  external  outline  is  deeply  concave,  owing  to  the  expansion  out- 

wards of  the  large  thick  deltoid  process,  which  is  bent  at  a  consider- 
able angle  with^the  shaft.  The  anteroinferior  and  postero-superior 

outlines  are  both  nearly  straight,  though  very  slightly  concave  ;  and 
they  converge  slightly  from  behind  forward,  owing  to  the  slight  distal 
twist  giving  to  the  bone  an  appearance  of  thickening  to  that  end. 
At  the  distal  end  the  shaft  becomes  flattened  both  in  front  and 
behind  ;  and  these  surfaces  are  nearly  parallel;  and,  where  fractured, 
the  bone  is  here  1T^-  inch  thick  on  the  outer  side,  and  somewhat 
thinner  on  the  inner  side.  The  remainder  of  the  inferior  surface 
is  anterior  to,  and  makes  a  slight  angle  with,  the  subtriangular 
flattened  distal  area.  It  also  may  be  said  to  be  a  long  triangle  ex- 

tending from  the  inner  corner  of  the  distal  articulation  forward  to 
the  divergent  elements  of  the  proximal  end  (fig.  2).  Nearly  its  whole 
length  is  straight ;  and  its  middle  portion  is  more  rugose  with  mus- 

cular attachments  than  the  rest  of  the  bone  :  the  markings  have  the 
appearance  of  slightly  impressed  ovate  pits,  which  extend  for  a  length 
of  nearly  3  inches.  This  inferior  area  is  defined  by  faint  lateral 
ridges,  and  proximally,  beyond  the  muscular  markings,  becomes 
somewhat  deeply  concave  from  side  to  side,  and  compressed  towards 
the  superior  aspect,  so  that  in  length  it  is  convex.  This  area  is  a 
little  inflated  on  the  inner  portion,  and  terminates  laterally  in  a 
slight  sharp  ridge.  The  outer  expanded  wing  has  a  well-rounded 
margin. 

Superiorly  the  bone  is  highly  convex  from  side  to  side  (fig.  1), 
though  somewhat  flattened  on  the  inner  and  posterior  side,  and 
also  on  the  expanded  external  process,  which  is  smooth  and 
slightly  concave  in  length,  and  slightly  convex  from  within  outwards. 
The  upper  aspect  of  the  bone  is  divided  into  two  portions  by  an 
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oblique  moderately  elevated  muscular  ridge,  which  extends  for  about 
3|  inches  across  the  middle  of  the  shaft  from  near  the  inner  side 
proximally  towards  the  outer  side  distally ;  and  though  the  whole 
superior  surface,  except  the  expanded  crest,  is  roughened  with  mus- 
lar  lines,  another  fainter  ridge  may  be  traced  running  straight  dis- 

tally from  the  proximal  termination  of  the  oblique  ridge.  Imme- 
diately below  the  proximal  articulation  in  the  middle  of  the  shaft  is 

an  elevated  muscular  boss  about  inch  in  diameter,  which,  as 
preserved,  is  subcircular.  The  thickness  of  the  shaft  at  its  inner 
margin  is  1T^0  inch,  and  at  its  outer  margin  inch.  The  radial 
crest  thickens  towards  the  proximal  surface,  and  curves  a  little 
upward.  The  outliue  of  the  fractured  proximal  end  is  somewhat 
boat-shaped  and  compressed  (fig.  3).  This  humerus  is  quite  distinct 
in  character  from  any  form  of  which  I  have  any  knowledge. 

Femur. 

The  right  femur  (PI.  XXXI.  fig.  5),  found  in  1876,  is  10-X-  inches 
long.  The  left  femur  (PL  XXXI.  fig.  4),  found  in  1877,  is  hardly 
more  than  10  inches  long.  This  difference  is  apparently  due  to  the 
different  ways  in  which  the  bones  are  compressed.  They  are  both 
in  the  same  state  of  mineralization,  of  a  rich  chocolate-brown  colour, 
and  quite  free  from  matrix,  which  has  been  removed  by  Professor 
Suess.  The  bones  belong  to  a  somewhat  distinct  type;  they  offer  many 
resemblances,  as  Professor  Suess  pointed  out  to  me,  to  Cryptosavrus 
of  the  Oxford  Clay,  but  are  more  slender.  They  therefore  show  the 
typical  characters  of  Dinosaurs,  though  there  is  a  difference  from 
all  English  genera  in  the  proximal  anterior  trochanter  not  being 
separated  from  the  shaft ;  and  there  is  a  remarkable  development  of 
muscular  ridges  on  the  bone,  one  of  which  extends  on  the  proximal 
posterior  face  (fig.  4)  in  a  curve  upward  and  outward  from  the  small 
middle  trochanter  on  the  inner  margin  of  the  shaft  to  the  outer 
and  external  margin  of  the  proximal  articulation.  It  is  impossible 
not  to  recognize  the  similarity  of  this  strong  muscular  ridge  to  the 
ridge  seen  on  the  corresponding  aspect  of  the  mammalian  femur; 
and  if  this  coincidence  be  admitted,  it  goes  far  to  prove  that  the 
middle  trochanter,  which  is  the  most  distinctive  mark  of  the  femur 
of  a  Dinosaur,  is  homologous  with  the  inner  or  lesser  trochanter  of 
man ;  and  so  far  it  would  seem  rather  to  imply  a  foreshadowing 
of  a  mammalian  plan  of  muscle-arrangement.  A  similar  muscular 
attachment  to  this  may  be  observed  in  Crocodiles  above  the  middle 
of  the  shaft.  Prom  it  an  intertrochanteric  muscular  ridge  extends 
to  the  position  in  which  the  proximal  trochanter  of  Dinosaurs 
is  seen  when  it  is  developed.  The  shaft  is  most  constricted  in  its 
distal  third,  where  there  is  a  slight  flexure  bending  the  distal  arti- 

culation backward  ;  both  articular  ends  appear  to  have  been  highly 
cartilaginous,  since  they  are  marked  with  ramifying  furrows  and 
occasional  pits.  As  is  usual  with  cartilaginous  surfaces,  the  arti- 

cular margin  is  sharply  defined. 
The  proximal  articular  surface  is  best  preserved  in  the  right  femur, 
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and,  as  usual,  consists  of  a  subcircular  head  (fig.  5),  which  is  directed 
inward  and  forward,  and  a  narrower  external  area.  The  posterior 
border  of  the  articulation  is  nearly  straight ;  but  the  anterior  out- 

line is  deeply  excavated  between  the  head  of  the  bone  and  the 
external  trochanter.  The  globose  head  measures  1T7-  inch  from  front 
to  back  ;  and  may  be  considered  to  be  inch  from  within  outward ; 
but  the  entire  length  of  the  proximal  articular  surface  was  about 
3j-^j-  inch.  The  articular  surface  beyond  the  head  contracts  to  less 
than  1  inch  from  front  to  back,  but  widens  again  to  fully  1^  inch 
at  the  border  of  the  external  trochanter ;  as  in  Cryptosaurus  eume- 
rus,  the  narrower  external  part  of  the  articulation  is  concave  from 
within  outward,  and  does  not  extend  so  far  proximally  ■  as  the 
convex  head  by  half  an  inch.  The  length  of  the  bone  to  the  distal 
border  of  the  head  on  its  inner  margin  is  not  more  than  9  inches. 

The  anterior  proximal  trochanter  (fig.  5)  is  about  1|  inch  long,  and 
convex  in  length  ;  so  that  it  dies  away  both  distally  and  proximally, 
where  it  merges  in  the  articular  surface.  It  is  rough  with  oblique 
muscular  markings,  and  rounds  into  the  flattened  but  slightly  con- 

vex external  surface,  which  is  also  roughened,  with  a  triangular  area 
of  muscle-marking  2j?  inches  long,  which  tapers  distally.  Below 
this  area  the  external  side  loses  its  flattened  aspect,  and  becomes 
rounded  from  front  to  back. 

The  proximal  half  of  the  shaft  is  considerably  compressed  from 
above  downward,  and  is  flattened  on  both  aspects :  its  width  from 
within  outward  in  a  line  with  the  distal  limit  of  the  proximal  tro- 

chanter is  about  inches,  an  d  just  above  the  lateral  inner  trochanter 
about  ly7^  inch,  while  just  below  the  lateral  trochanter  the  width 
is  about  l^j-  inch  ;  and  there,  as  the  shaft  becomes  narrower,  it 
grows  more  convex  from  side  to  side.  The  superior  or  anterior 
aspect  of  the  bone  is  marked  with  a  strong  longitudinal  muscular 
ridge,  which  originates  towards  the  hinder  part  of  the  articular  ball, 
curves  a  little  outward  and  then  inward,  and  extends  as  nearly  as 
possible  in  the  middle  line  of  the  shaft  for  a  length  of  6±  inches ; 
it  is  moderately  elevated,  strongest  proximally.  and  dies  away  where 
a  distal  flattening  of  the  bone  gives  an  aspect  of  flexure  to  the  lower 
part  of  the  shaft.  There  is  also  a  second  muscular  ridge,  which 
originates  at  the  same  point,  below  the  outer  limit  of  the  proximal 
head,  and,  running  obliquely  inward,  curves  round  the  convex  inner 
side  of  the  bone  and  becomes  merged  in  the  proximal  limit  of  the 
trochanter.  Both  these  ridges  are  less  marked  than  in  the  larger 
species. 

The  posterior  aspect  of  the  shaft(fig.  4)is  much  more  flattened.  The 
strong  muscular  ridge  to  which  I  have  already  referred  as  defining 
an  area  homologous  with  the  obturator-region  of  mammals,  extends 
distally  for  nearly  3  inches,  and  then  curves  more  sharply  inward 
to  merge  in  the  inner  trochanter.  Prom  this  ridge  extend  obliquely 
inward,  so  as  to  cross  each  other,  two  series  of  narrow  straight 
linear  muscular  markings.  Parallel  to  the  sigmoid  curve  of  the 
proximal  articular  margin,  and  about  a  quarter  of  an  inch  below  it, 
is  a  line  of  about  six  or  eight  circular  vascular  perforations. 
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The  lateral  trochanter  is  placed,  as  usual,  at  the  angle  between 
the  internal  and  posterior  aspects  of  the  bone  (fig.  4).  It  is  moderately 
elevated,  about  1-J  inch  long,  -f-0  inch  wide  proximally,  aud  tapers 
distally ;  it  is  placed  exactly  midway  between  the  proximal  and 
distal  articular  ends.  Below  the  trochanter  the  section  of  the  shaft 
becomes  subtriangular,  being  flattened  on  the  internal  aspect  and 
posteriorly,  and  rounded  on  the  external  and  anterior  aspect. 

The  distal  articulation  is  chiefly  noticeable  for  the  inflated  expan- 
sion of  the  bone  at  the  external  margin,  and  for  the  relatively  large 

size  of  the  condyles  (fig.  4).  The  articular  surface  is  3  inches  long  in 
the  left  femur,  which  has  this  region  best  preserved ;  it  is  very  mode- 

rately convex  from  behind  forward,  and  very  slightly  concave  from 
within  outward,  and  rounds  gently  into  the  anterior  surface  of  the 
bone,  where  a  concave  natural  impression  divides  the  anterior 
margin  into  a  larger  internal  area  and  a  smaller  area  which  is 
external.  There  is  the  usual  ill-defined  gently  concave  pit  for  liga- 

mentous attachment  just  above  the  articulation  on  the  flattened  in- 
ternal surface  of  the  bone,  which  looks  obliquely  upward,  much  as 

in  Cryptosaurus.  The  internal  condyle  is  the  larger  of  the  two  ;  it 
is  about  an  inch  wide,  and  curves  round  considerably  on  the  posterior 
aspect  of  the  bone,  so  as  to  cause  the  articulation  to  measure  2-^- 
inches  from  front  to  back.  The  interspace  between  the  condyles  is 
about  T§0-  inch ;  and  in  this  region  the  articulation  measures,  from 
front  to  back,  inch.  This  depression  becomes  prolonged  up  the 
middle  of  the  posterior  side  of  the  shaft  towards  the  inner  part  for 
about  1^  inch.  The  smaller  condyle  is  more  compressed,  about 
T6^-  inch  wide,  and  gives  an  antero-posterior  measurement  to  the  arti- 

cular end  of  2  inches  ;  and  external  to  this  condyle  is  a  concave  area  or 
groove,  \  an  inch  wide,  which  defines  it  from  the  well-rounded  broad 
external  margin.  The  small  part  of  the  articulation  external  to  this 
condyle  makes  a  considerable  angle  with  the  major  part  of  the  sur- 

face. The  anterior  *  half  of  the  articular  surface  is  nearly  smooth ; 
but  the  posterior  half  is  deeply  scored  with  about  eight  comparatively 
straight  grooves,  six  of  which  lie  between  the  condyles.  These 
grooves  appear,  from  their  corresponding  development  at  the  anterior 
part  of  the  proximal  articulation,  to  be  in  the  positions  of  greatest 
pressure  and  greatest  condylar  growth,  and  may  be  regarded  as  evi- 

dence that  the  bone  was  carried  in  an  oblique  position,  as  among 
mammals. 

Tibia. 

A  smaller  pair  of  tibial  bones  are  much  less  perfectly  preserved 
than  those  of  the  large  species,  onlv  exhibiting  about  6J  inches  of 
the  middle  of  the  shaft  (PI.  XXVII.  fig.  19).  Their  ends  are 
decayed  in  the  usual  way ;  and  distally  the  fractured  outline  was 
subtriangular,  but  formed  a  triangle  in  which  the  anterior  and  two 
converging  posterior  elements  rounded  into  each  other,  and  were 
subequal.  Here  the  extreme  antero-posterior  measurement  is 
about  1^-  inch,  and  the  extreme  width  from  side  to  side  at  the 
distal  end  is  the  same.  In  the  middle  of  the  shaft  the  antero-posterior 
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measurement  remains  unaltered,  but  the  side-to-side  measurement 
is  reduced  to  ̂--J  inch  ;  where  the  specimen  is  fractured  proximally, 
the  antero-posterior  measurement  is  -^-J  inch,  while  the  measurement 
from  side  to  side  in  the  middle  of  the  shaft  is  inch.  The  right 
tibia  (fig.  19)  does  not  appear  to  be  crushed  ;  but  the  left  specimen 
is  somewhat  fractured  at  its  distal  end.  The  inner  side  in  both  is 
flattened,  though  not  quite  so  flat  as  in  the  larger  species.  The  outer 
side  is  convex,  but  divided  into  two  portions  by  a  median  ridge, 
which  in  its  upper  3j  inches  is  strongly  muscular,  though  the 
markings  appear  to  be  stronger  on  the  left  tibia  than  on  the  right — 
a  condition  the  reverse  of  that  which  obtains  in  the  larger  species. 
The  muscular  ridge  is  made  up  of  three  or  four  close  parallel  ridges. 
The  posterior  half  of  this  side  of  the  bone  appears  to  be  more  flattened 
than  in  the  larger  species,  while  the  anterior  half  shows  indications 
of  a  similar  longitudinal  concavity,  though  the  specimens  are  frac- 

tured too  low  down  for  more  than  the  beginning  of  it  to  be  detected. 
The  proximal  fracture  displays  a  triangular  outline  with  a  long 
straight  base  formed  by  the  inner  side  and  two  shorter  converging 
sides  which  form  the  outer  side.  Here  the  bone  is  less  than  twice 
as  deep  as  it  is  wide.  On  the  posterior  side,  as  compared  with  the 
larger  species,  the  side-to-side  compression  is  greater  towards  both 
the  proximal  and  distal  ends,  while  anteriorly  the  bone  is  rather 
more  rounded  from  side  to  side.  There  is  about  as  much  difference  in 
size  between  the  two  types  of  tibiae  as  there  is  between  the  two  kinds 
of  femora,  though,  so  far  as  can  be  judged  from  the  fragments 
preserved,  the  differences  in  essential  characters  in  the  tibiae  were 
less  important  than  those  of  the  femora. 

There  have  also  been  found  fragments  of  patelloid  ridges  of 
tibiae  which  appear  to  belong  to  a  species  slightly  larger  than  either 
of  these ;  but  the  materials  are  too  imperfect  for  description,  or  even 
for  absolutely  certain  osteological  identification. 

Fibula. 

The  specimen  which  Biinzel  (pi.  iii.  f.  12,  13)  regarded  as  the 
upper  half  of  the  left  humerus  of  a  Crocodile  is  undoubtedly  a 
somewhat  obscure  fossil.  It,  however,  presents  nothing  in  common 
with  any  crocodilian  humerus  with  which  I  am  acquainted,  espe- 

cially differing  in  its  remarkable  compression,  in  wanting  all  trace 
of  a  radial  crest,  in  the  lateral  compression  of  the  shaft  at  right 
angles  to  the  supposed  head  of  the  bone,  and  in  the  inflation  of 
the  inferior  side  of  the  head.  While,  therefore,  I  have  no  hesitation 
in  affirming  that  the  specimen  is  not  crocodilian  and  not  a  humerus, 
the  loss  of  the  terminal  articular  end  and  the  evidence  of  a  certain 

amount  of  crushing  makes  any  other  determination  a  matter  re- 
quiring some  caution.  The  contour,  however,  of  the  bone  is  so 

similar  to  that  of  the  tibia  of  Cratceomus,  and  one  aspect,  and  especi- 
ally the  posterior  margin,  is  so  roughened  with  muscular  attach- 

ments, that  I  have  little  hesitation  in  affirming  that  we  have  here 
the  fibula  of  one  of  the  Dinosaurs — a  view  which  is  further  sup- 
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ported  by  the  circumstance  that  the  tibia  has  a  strong  ligamentous 
ridge  that  would  correspond  to  the  rough  side  of  the  fibula. 
Moreover  T  have  found  a  further  small  portion  of  the  supposed  shaft, 
not  absorutety  continuous,  but  showing  that  the  bone  retained  the 
same  characters  for  some  length  further,  and  did  not  expand  at  its 
distal  end.  It  therefore  may  be  well  to  state  that  this  specimen 
(PI.  XXVII.  fig.  20)  is  to  be  regarded  as  a  right  fibula  imperfect  at 
the  proximal  end,  but,  as  preserved,  4^  centim.  wide.  As  pre- 

served, the  main  piece  of  bone  is  over  10  centim.  long,  and,  with  the 
additional  fragment  and  the  lost  interspace,  would  indicate  a  length 
of  about  14  centim.  The  distal  end  is  imperfect,  having  decomposed 
before  fossilization.  The  anterior  margin  is  concave,  the  posterior 
margin  straight  and  rugose.  The  thickness  of  the  proximal  end,  as 
preserved,  is  about  a  centimetre,  while  the  fractured  distal  end  is 
7  millim.  thick  and  about  17  millim.  wide.  As  remarked  by  Eiinzel, 
the  distal  fracture  is  semiovate,  but  the  flattened  side  is  towards  the 
transversely  convex  head  of  the  bone,  while  the  convex  distal  outline 
is  towards  the  transversely  concave  or  external  surface  of  the  head. 
Other  fragments  of  similar  character,  also  presumably  fibular,  but  too 
imperfect  for  detailed  description,  may  be  referred,  one  to  a  larger 
and  one  to  a  smaller  Dinosaur. 

Metatarsal  Bone. 

(See  Biinzel,  pi.  iv.  figs.  11,  12.) 

The  specimen  regarded  by  Biinzel  (t.  iv.  f .  11,  12)  as  the  phalange 
of  a  Crocodile  is  almost  too  imperfect  for  accurate  determination  ; 
but  since  it  is  certainly  either  the  second  or  third  metatarsal  of  a 
Dinosaur,  probably  the  former,  it  requires  a  slight  notice.  As  pre- 

served, it  is  little  more  than  Q\  centim.  long  and  about  3  centim. 
wide  in  front.  What  I  take  to  be  the  inferior  surface  is  the  best 
preserved ;  only  a  small  portion  remains  of  the  anterior  articular 
end,  which  was  unusually  convex  from  above  downward.  The  lateral 
outlines  are  concave ;  and  the  bone  measures  only  2  centim.  from 
side  to  side  in  the  middle,  where  most  constricted.  The  superior 
surface  was  compressed,  so  as  to  form  an  obscure  broad  rounded 
ridge  on  the  outer  side,  with  a  very  slight  broad  channel  below  it  on 
the  inner  side.  The  depth  of  the  bone  in  the  middle  of  the  shaft  is 
2-1  centim.  The  under  surface  is  concave  in  length,  flattened  from 
side  to  side,  with  a  slight  twist  in  the  plane,  which  is  directed  a  little 
inward  as  it  extends  forward.  The  posterior  fractured  end  is  sub- 
triangular,  owing  to  the  flattening  of  the  base. 

Claw-Phalange. 
(See  Biinzel,  pi.  iv.  figs.  4,  5.) 

A  claw-phalange  (Pi.  XXIX.  fig.  6),  probably  pertaining  to  the 
second  or  third  digit  of  the  left  hind  limb,  as  indicated  by  Biinzel, 
is  ascribed  by  that  writer  to  a  species  of  Scelidosaurus,  but  may 
be  referred  to  Crataomus  lepidophorus.  It  is  33  millim.  long,  25 
millim.  wide  behind,  and  22  millim.  wide  in  front,  is  compressed 
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from  above;  downward,  and,  though  blunt  anteriorly,  is  most  com- 
pressed on  the  right  border.  The  articular  surface  is  imperfectly 

preserved,  but  was  concave  from  above  downward,  straight  trans- 
versely, and  inclined  obliquely  to  both  superior  and  inferior  aspects. 

The  superior  surface,  which  is  slightly  convex  from  side  to  side, 
is  margined  on  each  side  by  a  strong  groove,  which  is  not  very 
deep,  and  extends  forward  for  more  than  half  the  length  of  the 
bone.  Between  these  grooves  are  a  number  of  slight  parallel 
ridges.  At  the  sides  the  bone  is  excavated  for  the  attachment  of 
powerful  ligaments,  more  so  on  the  left  side  than  on  the  right ;  and 
on  the  left  side  the  irregular  excavations  extend  further  forward. 
The  under  surface  is  comparatively  flat,  but  concave  in  length,  convex 
from  side  to  side,  and  marked  in  the  middle  with  two  irregular  longi- 

tudinal grooves, which  have  a  tendency  to  branch  as  they  pass  forward. 

These  grooves  are  very  imperfectly  indicated  in  Biinzel's  figure,  which 
gives  no  indication  of  their  dendroid  character.  The  posterior  outline 
of  the  bone  is  ovate,  and  less  than  2  centim.  deep. 

Dorsal  Vertebra. 

(See  Biinzel,  pi.  i.  figs.  24,  25.) 

A  dorsal  vertebra  with  the  neural  arch  fairly  well  preserved  is  the 
best  vertebral  evidence  of  this  species  (PI.  XXX.  fig.  5).  The  centrum  is 
4  centim.  long,  flattened  on  the  under  side,  where  it  is  1-J  centim.  broad 
in  the  middle,  where  most  constricted  ;  it  is  concave  from  front  to 
back.  The  sides  are  compressed  and  somewhat  concavely  excavated 
below  the  neural  arch,  where  the  least  transverse  width  is  1\  centim. 
Thus  the  body  of  the  vertebra  in  section  would  be  subquadrate. 
The  anterior  articular  surface  of  the  centrum  is  concave,  32  milliin. 
broad,  and  27  millim.  deep.  The  posterior  end  is  not  concave,  but 
somewhat  flattened  and  convex  from  above  downward.  The  margin 
is  a  little  worn ;  the  greatest  transverse  width  is  less  than  3  centim., 
the  greatest  depth  2\  centim.  The  neural  arch  is  high,  though  not 
unusually  so  for  a  Dinosaur.  Its  base  is  nearly  as  wide  as  the 
anterior  face  of  the  centrum.  It  extends  the  whole  length  of  the 
centrum,  and  has  the  aspect  of  being  compressed  from  side  to  side 
below  the  transverse  processes.  The  borders  of  the  neural  arch  are 
excavated  (fig.  5),  moderately  in  front,  and  more  deeply  behind,  to 
form  the  intervertebral  passage  for  the  nerves.  The  least  length  of 
the  neural  arch  from  front  to  back,  in  the  middle  of  the  neural  canal, 
is  23  millim.  The  length  from  the  anterior  to  the  posterior  zyga- 
pophyses  is  about  5j  centim. ;  and  the  upper  border  of  those  facets 
is  fully  that  height  from  the  base  of  the  centrum.  The  anterior 
zygapophyses  are  directed  upward,  forward,  and  inward.  Their 
external  surface  is  rounded.  There  is  a  V-shaped  notch  between 

them  in  front ;  and  they  form  the  anterior'  border  of  a  transverse 
cup-shaped  depression  in  front  of  the  neural  spine,  the  hinder 
borders  of  which  cup  are  contributed  to  by  the  transverse  pro- 

cesses, which  are  directed  upward  and  outward,  and  placed  between 
the  zygapophyses  in  the  middle  region  of  the  vertebra.    The  neural 
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spine  is  narrow  and  short,  and  placed  on  the  hinder  half  of  the 
neural  arch  ;  only  its  base  is  preserved.  The  posterior  zygapophyses 
are  circular  facets  placed  below  and  somewhat  beyond  its  hinder 
termination.  They  converge  downward,  but  are  separated  by  a  broad 
groove.  The  height  of  the  vertebra  to  the  base  of  the  neural  spine,  as 
preserved,  is  6-1  centim.  The  extreme  width  over  the  posterior  zyga- 

pophyses is  2^  centim.  The  width  of  the  groove  between  them  is 
about  \  centim.  The  side  of  the  neural  arch  is  of  the  usual  cha- 

racter, with  ridges  ascending  from  the  anterior  and  posterior  ends  of 
the  arch  which  converge  upward;  and  the  posterior  ridge,  which  is  the 
better  marked,  passes  into  the  strong  ridge  which  extends  under  the 
base  of  the  transverse  process  (broken  away  on  the  left  side)  The 
area  between  these  two  lateral  ridges,  which  is  unusually  deep  and 
narrow  and  ill-denned,  appears  to  be  the  capitular  articulation  for 
the  rib.  The  space  posterior  to  the  lateral  ridges  is  concavely  ex- 

cavated. The  transverse  process  is  broken  off  short.  I  infer  this 
to  have  been  an  early  dorsal  vertebra.  The  posterior  convexity  of 
the  centrum  shows  it  to  have  been  full-grown.  This,  no  less  than 
the  long  narrow  articulation  at  the  side,  and  the  other  characters 
of  the  neural  arch  described,  show  it  to  indicate  a  distinct  species 
from  the  vertebrae  referred  to  Oratceomns  Paivlowitschii. 

Megalosaurus  pannontensis,  Seeley. 

There  are  two  teeth  of  a  carnivorous  Dinosaur  (PL  XXVII.  figs. 
21-23)  which  present  some  resemblance  to  the  teeth  of  Megalosaurus 
and  Lcelaps,  differing  in  no  character  of  importance  except  size,  the 
fineness  of  the  serrations,  and  shortness  and  breadth  of  the  crown. 
One  specimen  is  a  crown  tolerably  perfect,  fractured  just  above  the 
base  and  before  the  commencement  of  the  fang  (fig.  21).  The  other 
is  the  lower  half  of  the  crown  of  a  somewhat  larger  but  similar  tooth. 
The  more  perfect  specimen  is  21  millim.  long,  curved  backwards, 
quite  straight,  convex  on  both  sides,  though  rather  more  so  on  the 
inner  side,  and  with  the  inflation  towards  the  convex  anterior  margin 
of  the  tooth.  The  posterior  margin  is  relatively  straight,  but  is  con- 

cave. The  surface  of  the  tooth  is  marked  with  microscopic  longitu- 
dinal wrinkling  and  faint  parallel  transverse  lines  of  growth,  only 

to  be  detected  by  the  way  in  which  they  reflect  light.  The  posterior 
margin  throughout  its  length  is  marked  with  perfectly  regular 
transverse  serrations,  which  extend  along  the  tooth  like  a  fringe. 
Towards  the  extremity  of  the  crown  the  serrations  become  slightly 
shorter.  On  the  anterior  border  (fig.  22)  the  serrations  are  of  a  similar 
character,  but  only  reach  down  the  tooth  for  13  millimetres,  becom- 

ing smaller  as  they  disappear.  There  are  about  forty-five  of  these 
minute  chisel-like  serrations  in  all  this  margin.  Where  the}r  ter- 

minate, the  tooth  is  just  appreciably  narrower  and  the  anterior 
margin  is  rounded,  so  that  the  transverse  section  (fig.  23)  is  exactly 
the  same  as  in  Megalosaurus.  The  serrations  of  the  posterior  margin 
are  larger  than  those  of  the  anterior  margin  :  so  that  there  are  only 
about  forty  in  the  entire  length  of  the  tooth.    The  antero  -posterior 
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measurement  is  over  a  centimetre,  and  the  thickness  6  millimetres. 
There  are  no  bones  that  I  could  refer  to  this  species ;  and  when 
they  are  discovered  the  teeth  may  prove  to  belong  to  an  animal  as 
different  from  Hegalosaurus  as  is  Lcelaps. 

Ornithomertjs  gracilis,  Seeley. 

The  specimen  figured  by  Biinzel,  pi.  vii.  figs.  22,  23,  and  regarded 
(p.  15)  as  the  middle  of  the  dorsal  rib  of  a  lizard,  is  the  distal  half  of 
the  shaft  of  the  femur  of  a  remarkable  new  Dinosaurian.  From  the 
circumstance  that  Biinzel  has  figured  the  external  instead  of  the 
internal  aspect  of  the  bone,  it  would  have  been  difficult  to  make  this 
interpretation  without  examination  of  the  specimen.  The  fragment 
(PI.  XXVIII.  figs.  6,  7)  is  only  5|  centim.  long,  has  a  nearly  circular 
shaftl3millim.in  diameter  at  the  proximal  fracture,  becoming  a  little 
more  compressed  distally  from  above  downwards  and  slightly  more 
expanded  from  side  to  side.  The  specimen  shows  no  trace  of  the 
distal  articular  end ;  but  distally  the  bone  is  a  little  flattened  on  the 
inferior  and  posterior  surface,  and  slightly  compressed  towards  the 
outer  border.  There  is  a  distal  curve  in  the  bone,  rather  more 
marked,  perhaps,  than  in  the  crocodilian  femur.  Towards  the  proxi- 

mal end  of  the  fragment  the  transverse  fracture  passes  through  a 
longitudinal  muscular  pit,  margined  below  by  an  elevated  muscular 
ridge,  which  is  prolonged  further  distally  than  the  muscular  pit, 
and  appears  to  have  terminated  in  a  free  process,  though  the  ex- 

tremity of  this  is  broken  away.  This  is  the  internal  trochanter  of 
the  Dinosaurian  femur  (figs.  6,  7).  What  remains  of  the  muscular 
impression  is  about  12  millim.  long  and  half  a  centimetre  wide. 
What  remains  of  the  sharp  ridge  bordering  it  is  17  millim.  long. 
I  am  not  acquainted  with  any  Dinosaur  in  which  the  femur  has  this 
cylindrical  bird-like  form.  The  shaft  is  formed  of  dense  bone  with 
a  large  medullary  cavity  about  7  millimetres  in  diameter  (fig.  7), 
and  has,  at  first  sight,  rather  the  aspect  of  the  bone  of  a  bird  than 
of  a  Dinosaur.  Though  the  fragment  is  so  imperfect,  it  is  so  cha- 

racteristic that  I  have  ventured  to  refer  it  to  a  new  genus. 

DoRATODON  CARCHARIDENS  (Biinzel). 

The  sculpturing  of  the  outer  surface  of  the  jaw,  no  less  than  its 
general  form,  would  seem  to  have  weighed  with  Biinzel  in  referring 
the  specimen  represented  in  his  plate  i.  figs.  29-32  to  the  genus 
Crocodilus.  I  find  myself  unable,  however,  to  accept  this  generic 
determination,  partly  because  the  teeth  are  such  as  indicate  a  dif- 

ferent genus,  and  partly  because  I  am  led  to  refer  the  maxillary 
bone  represented  in  the  same  plate,  figs.  3-5,  to  the  same  genus 
and  probably  the  same  species  as  the  lower  jaw  ;  and  this  shows, 
though  the  fragment  is  very  imperfect,  characters  which  are  not 
met  with  in  the  genus  Crocodilus.  But  whether  its  affinities 
are  stronger  with  Crocodiles  or  with  Dinosaurs  is  a  matter 
far  from  easy  to  determine.  The  lower  jaw  consists  of  slender 
rami,  having  a  length,  as  preserved,  of  about  13|  centim.  with- 
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out  reaching  back  to  the  articular  region.    The  jaws  converge 
forward  to  the  symphysis,  where  the  contraction  ceases,  and  there 
is  a  slight  anterior  expansion  before  the  lanceolate  anterior  termi- 

nation.   The  greatest  width  of  this  slight  expansion  is  2|  centim. ; 
and  the  width  of  the  diverging  rami  at  10  or  11  centim.  from 
the  anterior  termination  is  over  5  centim. ;  thus  the  jaw  is  re- 

markably pointed.     The  lateral  contour  of  the  alveolar  margin 
is  convex  from  before  backwards  in  the  region  of  the  symphysis  and 
concave  in  length  behind  the  symphysis.    The  symphysis  is  3  cen- 

timetres long,  and  is  made  up  in  the  anterior  and  inferior  part  by  the 
dcntarybone,  and  in  the  posterior  and  superior  part  by  the  opercular 
bone,  which,  on  the  alveolar  aspect,  forms  half  the  symplrysis,  while 
interiorly  it  only  constitutes  the  hinder  fifth.   In  Crocodiles  the  oper- 

cular bone  does  not  enter,  into  the  symphysis.    The  anterior  part  of 
the  jaw  in  the  symphysial  region  is  excavated  in  a.  spoon-shape, 
owing  to  the  remarkable  and  vertical  elevation  of  the  alveolar  margin, 
an  elevation  which  appears  to  have  relation  to  the  straightness  and 
vertical  position  of  the  teeth ;  so  that  the  fangs  could  not  have  made  an 
angle  with  the  crown.  The  whole  inner  side  of  the  ramus  is  formed, 
as  in  crocodiles,  by  the  opercular  bone,  which,  as  Biinzel  remarks, 
is  smooth  and  slightly  rounded  at  its  inferior  and  superior  margins, 
and  extends  back  beyond  the  alveoli,  only  showing  in  its  anterior 
part  two  or  three  nutritive  foramina.    The  external  surface  of  the 
bone  is  formed  of  the  dentary  element,  except,  it  may  be,  towards 
the  hinder  superior  border,  where  a  suture  appears  to  indicate  on 
the  inner  side  a  coronoid  bone.    On  the  under  surface  the  jaw  is 
flattened  at  the  symphysis,  but  the  flattened  area  rounds  up  an- 

teriorly to  the  alveolar  margin  ;  but  where  the  rami  begin  to  diverge, 
there  is  a  distinct  sharp  angle  between  the  base  of  the  jaw  and  its 
side,  and  this  ridge  is  prolonged  backwards  for  a  large  part  of  the 
region  through  which  the  teeth  extend :  and  here  the  base  of  the 
ramus  is  slightly  convex  from  side  to  side  till,  with  the  fading  of 
the  angle  into  the  upper  surface,  it  becomes  more  rounded  and  nar- 

rower.   The  suture  for  the  opercular  bone  runs  along  the  inner 
third  of  the  base.    In  ornament,  the  anterior  expanded  end  of  the 
snout  is  pitted  much  after  the  pattern  of  crocodile^,  and  evidently 
with  similar  relation  to  a  vascular  condition :  but  interiorly  the 
ramus  is  marked  with  rough,  short,  irregular  longitudinal  ridges, 
which  extend  round  onto  the  side  but  do  not  rise  to  the  alveolar 
region,  Avhich  is  comparatively  smooth  and  marked  with  a  row 
of  relatively  large  foramina,  about  seven  or  eight  in  number, 
and  placed  above  the  middle  of  the  lateral  margin  in  a  concave 
line  or  groove.    As  they  extend  backwards  they  rise  nearer  to  the 
alveolar  margin,  and  form  the  basis  of  a  slight  compression  of  the 
bone  above  them.    Posterior  to  the  symphysis  the  depth  of  the 
jaw  increases  :  it  is  about  9  millim.  in  front,  17  millim.  at  the 
last  tooth-socket,  and  3  centim.  in  the  coronoid  region ;  so  that 
it  increases  in  depth  more  rapidly  behind  the  teeth.     It  is 
difficult  to  count  the   exact  number  of  sockets ;  for  some  of 
the  fangs  are  preserved,  and  in  other  cases  the  teeth  have  fallen 
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out :  but  there  were  not  fewer  than  fifteen ;  and  as  the  alveolar 
groove  is  carried  back  and  becomes  very  shallow  beyond  this 
point,  it  is  possible  there  may  have  been  five  teeth  more,  of  small 
size,  in  the  hinder  part  of  the  jaw,  making  a  total  of  twenty.  The 
teeth  are  largest  in  the  middle  of  the  jaw ;  but  only  the  tenth  on 
the  right  side  has  the  crown  preserved  in  situ.  The  crown  is  8  mil- 

lion, high,  and  nearly  6  millim.  wide  at  its  base.  It  is  trian- 
gular in  lateral  outline,  is  curved  inwards  and  directed  upwards, 

inwards,  and  backwards.  Its  base  is  rather  less  than  3  millim. 
thick.  Each  surface  is  convex,  terminating  in  a  sharp  cutting-edge, 
which  is  very  finely  serrated  along  the  margin.  In  front  and  be- 

hind there  is  a  constriction,  so  as  to  separate  the  sides  of  the  crown 
from  the  elliptical  fang ;  but  this  constriction  is  not  appreciable  on 
the  interior  or  the  exterior  aspect  of  the  tooth.  This  form  of  tooth 
is  entirely  Dinosaurian.  Four  teeth  have  been  found  separately 
which  show  the  same  character.  Two  of  these  are  crowns  broken 
off  directly  from  the  fang,  and  show  the  constricted  oval  base  of  the 
crown  where  the  lateral  ridges  become  pinched  in.  These  teeth 
are  sharply  pointed,  and  have  the  surface  smooth  to  the  naked  eye. 
There  are  also  two  teeth  which  have  the  same  general  form,  except 
that  the  crown  is  broader  and  shorter ;  and,  owing  to  this  circum- 

stance, the  serrations,  which  are  transverse  to  the  cutting-edge, 
have  an  appearance  of  being  directed  obliquely  upward.  These, 
however,  are  probably  succession  al  teeth,  it  may  be  from  another 
part  of  the  jaw,  or  from  the  upper  jaw.  A  certain  amount  of  varia- 

tion is  obvious,  because  the  fang  of  the  eleventh  tooth  on  the  left 
side  shows  that  the  base  of  the  crown  was  marked  with  blunt 
parallel  ridges. 

There  is  a  fragment  of  the  anterior  end  of  a  right  dentary  bone 
from  which  the  opercular  element  has  come  away,  and  which  clearly 
belongs  to  the  same  genus.  It  may  indicate  another  and  smaller 
species,  since  the  rami  appear  to  diverge  more  rapidly,  to  have  con- 

tained more  numerous  teeth,  with  smaller  and  more  circular  fangs, 
to  want  the  anterior  elevation  of  the  jaw  in  its  presymphysial  region, 
to  be  devoid  of  the  ridge  between  the  base  of  the  jaw  and  the  side, 
and  to  have  the  side  convexly  inflated  instead  of  flattened,  especially 
external  to  the  alveolar  margin.  The  ornament  also  ajjpears  to  be 
slightly  different ;  but  as  no  teeth  are  preserved  I  have  not  thought 
it  necessary  to  give  a  name  to  this  fragment.  The  length  of  the 
dentary  symphysis  is  1 J  centimetre,  and  the  length  of  the  fragment 
4|  centimetres.  The  corresponding  length  of  the  dentary  symphysis 
in  the  larger  specimen  exceeds  2|  centimetres. 

The  fragment  of  upper  jaw  briefly  described  by  Biinzel,  p.  6,  pi.  i. 
figs.  3-5,  I  have,  as  already  mentioned,  identified  with  the  lower 
jaw  of  the  large  species  just  described.  Notwithstanding  the  circum- 

stance that  Biinzel  remarks  on  its  close  resemblance  to  existing 
crocodiles,  he  places  the  nasal  aperture  immediately  in  front  of  the 
orbit,  which  alone  would  suffice  to  show  that  the  type  differed  from 
crocodiles  fundamentally.  In  fact,  the  perforation  of  orbit  and 
nares  in  the  maxillary  bone  would  be  a  modification  of  old-fashioned 

Q.J.G.S.  No.  148.  2y 
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anatomy  of  no  ordinary  kind,  since  the  maxillary  bone  does  not 
enter  into  either  the  orbit  or  the  anterior  nares  of  the  crocodile,  and 
it  certainly  does  not  enter  in  any  known  Dinosaur  into  the  external 
wall  of  either  of  these  vacuities.  Agreeing  with  Biinzel,  that  the 
margin  which  he  regards  as  the  anterior  border  of  the  orbit  is  cor- 

rectly identified,  I  regard  the  perforation  which  he  terms  nasal  as 
the  preorbital  vacuity  characteristic  of  Teleosaurs,  and  more  or  less 
developed  in  various  Dinosaurs.  The  bone  between  the  orbit  and 
the  preorbital  vacuity  is  always  the  lachrymal;  and  I  therefore 
identify  the  lachrymal  bone  as  united  by  suture  with  the  maxil- 

lary. The  length  of  its  base  is  2  centim. ;  but  it  is  fractured 
superiorly,  and  therefore  its  outline  cannot  be  stated,  further  than 
that  it  appears  to  have  been  triangular.  The  posterior  margin 
is  concave,  rounded  and  thickened,  with  an  indication  of  a  groove, 
which  may  have  had  relation  to  the  lachrymal  canal.  The  surface 
is  sculptured  with  somewhat  oblique  ridges,  which  are  short  and 
irregular,  and  deeper  than  the  sculpturing  on  the  maxillary.  The 
suture  with  the  maxillary  is  straight  but  slightly  oblique,  so  that  it 
laps  a  little  further  down  on  the  inner  than  on  the  external  surface. 
The  preorbital  vacuity  only  shows  a  small  portion  of  its  basal 
margin,  which  is  rounded.  The  lachrymal  bone  in  front  of  it  is 
thin,  and  gives  the  aspect  of  the  vacuity  having  penetrated  ob- 

liquely inwards  and  forwards.  A  small  portion  is  preserved  of  a 
suture  on  the  superior  surface,  which  is  straight  and  parallel  to  the 
alveolar  surface,  or  but  slightly  inclined  forwards.  Hence  it  may 
reasonably  be  identified  as  the  suture  for  the  nasal  bone.  The 
depth  of  the  bone  from  the  nasal  suture  to  the  alveolar  border 
is  22  millim.  Anteriorly  the  bone  is  fractured,  so  that  there  is  no 
indication  either  of  its  length  or  of  the  length  of  the  nasal  suture, 
or  of  the  nature  of  its  relation  to  the  premaxillary  bone.  The  pos- 

terior end  is  also  fractured ;  but  just  below  the  orbital  border  there 
is  a  minute  indication  of  a  suture,  evidently  indicating  the  malar 
bone,  and  showing  that  its  relations  were  the  same  as  in  Dinosaurs. 
The  surface  of  the  maxillary  bone  is  marked  with  an  indefinite 
rough  sculpturing,  which,  in  the  upper  part,  has  a  tendency  to 
assume  a  linear  character ;  and  the  hinder  part  is  somewhat  lightly 
pitted.  The  internal  surface  is  necessarily  irregular ;  and  its  appear- 

ances may  be  passed  over  in  so  far  as  they  relate  to  the  region 
above  the  palate ;  but  above  the  alveoli  the  bone  evidently  developed 
a  horizontal  palatal  plate,  which  has  been  almost  entirely  broken 
away.  It  appears  to  have  been  notched  out  posteriorly  into  a  post- 
maxillary  vacuity,  such  as  is  seen  in  the  crocodile,  since  the  hinder- 
most  1|  centimetre  is  a  smooth,  sharp,  somewhat  concave  margin 
bordering  the  alveoli. 

It  is  very  difficult  to  understand  the  alveolar  structure  from  an 

inspection  of  Bimzel's  plate,  since  it  gives  the  appearance  of  a  double 
row  of  tooth-sockets :  this  is  due  to  the  circumstance  that  while  the 
tooth-sockets  (in  which  most  of  the  teeth  still  remain)  are  placed 
close  to  the  outermost  alveolar  border,  there  is,  internal  to  them,  a 
parallel  series  of  pits  which  are  broad  and  shallow,  and  are,  I  think, 
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produced  by  the  circumstance  that  the  teeth  of  the  lower  jaw  were 
received  scissor-like  between  the  teeth  of  the  upper  jaw ;  and  these 
pits  I  regard  as  excavations  which  have  resulted  from  the  pressure 
of  their  crowns — a  view  which  is  especially  supported  by  the  cir- 

cumstance that  they  are  deeper  posteriorly,  where  the  palatal  border 
is  but  little  above  the  outer  alveolar  border,  and  are  less  marked 
anteriorly,  where  the  palatal  border  rises  about  8  millim.  above 
the  alveolar  border.  The  teeth  extend  along  the  whole  alveolar 
length,  which  is  4 J  centim.,  and  were  eight  in  number  in  the 
fragment.  They  are  larger  in  front  than  behind,  and  mostly  ap- 

pear to  have  been  successional  teeth  not  fully  cut.  The  first, 
where  broken,  is  7  millim.  long  and  4  millim.  thick.  The  second 
is  less  than  4  millim.  long,  and  is  clearly  a  section  of  the  fang ; 
but  one  of  the  later  teeth  shows  the  sharp  serrated  cutting-edge, 
compressed  form,  and  smooth  enamel  characteristic  of  the  teeth  of 
the  lower  jaw ;  and  it  is  on  this  evidence  that  I  have  felt  justified 
in  referring  it  to  the  same  species.  Both  fang  and  crown  appear 
to  have  been  hollow ;  but  as  the  cavities  are  filled  with  iron  pyrites, 
I  have  not  been  able  to  excavate  them. 

There  are  a  few  other  unimportant  fragments,  chiefly  of  the  lower 
jaw,  which  exhibit  similar  sculpture,  and  presumably  belong  to  this 
genus,  but  too  imperfect  to  be  worthy  of  description. 

There  is  a  small  claw-phalange  (PI.  XXVII.  fig.  26)  which, 
perhaps,  for  the  present  may  be  noticed  here,  seeing  that  it  is  quite 
impossible  to  say  with  certainty  to  which  of  the  animals  it  belonged. 
It  is  17  millim.  long,  curved  downward  and  to  the  right.  It  tapers 
to  a  point,  and  is  subtriangular,  being  flattened  on  the  under  side, 
on  the  left  side,  and  obliquely  on  the  right  side,  which  is  large. 
But  these  three  surfaces  round  into  each  other,  except  where  they 
are  divided  by  the  sharp  lateral  ridges  which  margin  the  base.  The 
articulation  is  7  millim.  deep,  a  little  narrower,  concave  from  above 
downwards,  and  convex  from  side  to  side. 

E,HAM]srosAUEUs  alcimtjs,  Seeley. 

I  found  this  genus  upon  the  femora,  which  are  quite  distinct  from 
any  thing  hitherto  discovered.  The  humeri  are  such  as  would  be 
associated  with  those  bones,  though  there  is  no  proof  beyond  simi- 

larity of  character  that  they  belong  to  the  same  species.  The  same 
remark  applies  to  the  vertebrse,  which  are  such  as  might  be  expected 
in  an  animal  of  this  kind  ;  but  there  is  no  evidence  of  natural  asso- 

ciation. I  have  placed  this  genus  next  in  succession  to  Doratodon, 
because  that  genus  is  founded  upon  a  head,  while  this  is  formed  for 
limb-bones  ;  and  though  there  is  no  evidence  to  justify  their  being 
thrown  together,  there  is  a  possibility  that  Doratodon  belongs  to 
one  of  the  animals  of  which  the  head  cannot  be  identified. 

Humerus. 

Two  specimens  of  humeral  bones  (PI.  XXXI.  figs.  8-10)  exhibit 
characters  indicative  of  an  animal  in  many  respects  unlike  any  other 

2y2 



676 PROF.  H.  €r.  SEELET  0~N  THE  EEPTILE 

in  the  deposit,  especially  in  the  slenderness  of  the  shaft  and  relatively 
small  size  of  the  articular  ends,  as  well  as  in  the  circumstance  that 
the  articular  extremities  were  at  right  angles  to  each  other.  Unfor- 

tunately both  proximal  and  distal  ends  are  lost  by  decomposition. 
The  left  humerus  is  best  preserved  proximally,  while  the  right 
humerus  extends  further  distally.  The  length  indicated  by  the  two 
bones  without  reaching  the  articular  ends  is  14  centim. ;  so  that 
the  entire  length  of  the  bone,  when  perfect,  was  at  least  2  centim. 
more.  The  left  fragment  (fig.  8)  is  fully  12  centim.  long,  and,  when 
placed  with  the  distal  end  uppermost,  shows  a  slight  convexity  on 
one  lateral  margin  and  a  corresponding  concavity  on  the  other, 
the  concavity  facing  the  anterior  and  inferior  aspect  of  the  bone, 
the  convexity  being  superior.  Owing  to  the  circumstance  that  the 
proximal  end  is  absolutely  at  right  angles  to  the  distal  end,  it  hap- 

pens that  the  shaft  of  the  bone  widens  distally.  The  transverse 
measurement  at  the  base  of  the  radial  crest  (fig.  9)  is  1|  centim.,  and 
at  the  distal  fracture  23  millim.  (fig.  10) ;  and  it  is  still  widening. 

The  superior  distal  surface  is  convex  from  side  to  side,  with  a  slight 
ridge  towards  the  radial  side  of  the  bone,  which  is  really  a  prolon- 

gation of  the  muscular  ridge  of  the  radial  crest,  which  in  crocodiles 
never  extends  along  the  superior  aspect  of  the  bone.  This  ridge 
produces  a  flattened  radial  aspect,  a  slight  approximation  to  which 
may  be  observed  at  the  distal  articular  end  of  the  crocodilian  hu- 

merus ;  but  here  it  gives  a  somewhat  compressed  and  sharp  aspect 
to  the  inferior  radial  margin  of  the  bone  along  the  distal  half  of  the 
shaft,  while  the  ulnar  side  is  relatively  flattened  or  rounded.  The 
bone  is  marked,  on  the  superior  aspect  especially,  with  strong  longi- 

tudinal striae  or  slightly  elevated  ridges.  Its  thickness  at  the  distal 
end,  as  preserved,  is  about  13  millim. ;  but  the  right  bone  is  a 
trifle  stouter.  The  inferior  aspect  is  flattened  distally  with  a  slight 
longitudinal  depression.  The  proximal  end  of  the  bone  necessarily 
widens,  while  the  shaft  remains  comparatively  uniform.  The  su- 

perior surface  is  smooth,  and  convex  from  side  to  side,  but  slightly 
channelled  towards  the  expanded  radial  process,  which  is  necessa- 

rily placed  on  the  middle  of  the  aspect  which,  when  viewing  the 
distal  end,  would  be  regarded  as  superior.  The  width  of  the 
proximal  end  appears  to  have  been  small.  The  lower  part  of  the 
radial  crest  gives  a  transverse  width,  as  preserved,  of  less  than 
2|  centim.  The  inferior  aspect  of  the  proximal  end  is  longitu- 

dinally channelled,  and  thus  divided  into  a  compressed  anterior 
process  and  a  rounded  and  somewhat  inflated  inferior  and  posterior 
part.  The  thickness  of  the  bone  here  at  the  fracture  is  just  over  a 
centimetre.  The  whole  inferior  surface,  not  only  of  the  radial  crest 
but  of  the  adjacent  region  of  the  bone,  is  roughened  with  powerful 
muscular  attachments.  The  right  fragment  substantially  repeats 
these  characters ;  only  the  bone  is  appreciably  stronger,  with  its 
muscular  ridges  more  marked,  and  in  length  shows  a  decided  sig- 

moid curve,  like  that  which  marks  the  humerus  of  a  crocodile.  I 
am  led  to  refer  these  bones  to  the  same  species  as  is  indicated  by 
the  femora  next  described.    In  this  case  they  would  indicate  an 
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animal  with  remarkably  small  anterior  limbs,  suggesting  the  pro- 
portions of  a  Teleosaur.  I  may  state  that  this  identification  is 

founded  chiefly  on  similarity  of  general  aspect,  superficial  texture, 
condition  of  preservation,  and  colour. 

Femur. 

(See  Biinzel,  pi.  iii.  fig.  1.) 

A  pair  of  remarkable  slender  bones,  somewhat  crushed,  and  with- 
out trace  of  an  articular  end,  which,  at  first  sight,  have  the  aspect 

of  being  portions  of  ribs,  I  am  disposed  to  regard  as  the  femora  of 
a  small  Dinosaur,  having  probably  Teleosaurian  affinities.  Yet  such 
an  identification  is  necessarily  somewhat  conjectural;  and  I  would 
therefore  state  that  I  am  led  to  the  conclusion  that  the  bones  are 
femora  (PI.  XXXI.  figs.  6,  7)  by  their  slightly  curved  form,  by 
the  widening  of  what  I  take  to  be  the  proximal  end,  by  the 
slightly  smaller  size  of  what  would  be  the  distal  end,  but  chiefly 
by  a  large  somewhat  oblique  muscular  scar  with  an  elevated  border 
in  its  lower  part,  which  is  situate  in  the  same  position  as  the 
middle  trochanter  on  the  femur  of  a  Dinosaur,  which  also  looks 
inwards,  backwards,  and  downwards.  And  I  do  not  recognize  so 
many  probabilities  in  favour  of  any  other  interpretation,  especially 
as  only  two  bones  have  been  found,  which  are  right  and  left, 
while  nearly  all  the  other  limb-bones  are  similarly  represented 
by  pairs.  The  longer  specimen  measures  about  6  inches  :  it  is 

inch  wide  proximally ;  and  the  trochanteroid  scar  reaches  to 
within  1|  inch  of  the  proximal  end.  At  its  upper  limit  the  bone  is 

inch  wide.  The  scar  is  1^  inch  long,  and  about  ̂   inch  wide 
in  its  greatest  width  in  the  middle  (fig.  6).  It  causes  the  bone 
to  swell  out  in  thickness,  so  that  the  internal  border  is  much 
thicker  than  the  external  border,  which  appears  to  be  somewhat 
compressed,  and  which  is  slightly  convex  in  length ;  while  the  inner 
border  of  the  bone,  but  for  the  trochanteroid  bulge  in  its  lower 
part,  would  be  slightly  concave.  As  it  is,  it  is  divided  into  two  con- 

cavities. The  widening  of  the  bone  at  the  proximal  end  I  take  to 
indicate  the  base  of  the  proximal  articulation.  The  specimen  is 
there  slightly  incrusted  with  pyrites  :  but  no  trace  is  preserved  of 
either  articular  head  or  external  trochanter.  The  long  oval  of  the 
lateral  trochanter  is  defined  by  a  ring,  which  is  slightly  elevated  in 
its  proximal  and  internal  part,  and  much  more  elevated  on  its  distal 
and  anterior  portion,  which  gives  a  width  to  the  bone  of  1-^-  inch, 
while  the  width  at  the  distal  end  is  i§-  inch.  The  thickness  of  the 
bone  at  the  distal  end  may  be  slightly  diminished  by  accidental 
compression.  It  is  inch  on  the  inner  side,  which  is  less  than 
the  thickness  at  the  proximal  end  (fig.  7),  where,  in  a  corresponding 
position,  the  bone  measures  ̂ jj  inch.  The  inner  border,  both  proxi- 

mally and  distally,  is  convexly  rounded ;  the  external  border  appears 
to  be  flattened  obliquely  externally  in  the  distal  half,  and  com- 

pressed and  rounded  proximally.  But  as  the  specimen  is  crushed, 
this  point  remains  obscure.  These  femora  are  among  the  most  re- 

markable bones  that  the  Gosau  formation  has  yielded. 



678 PROF.  H.  Gr.  SEELET  ON  THE  EEPTILE 

Dorsal  Vertebra. 

There  are  two  dorsal  vertebrae,  both  a  little  crushed  and  without 
the  neural  arches,  which  belong  to  such  a  Dinosaur.  Erom  the 
more  perfect  of  these  I  draw  the  following  characters.  The  cen- 

trum is  4J  centim.  long,  with  the  articular  ends  flat,  and  about 
2|  centim.  wide.  The  anterior  face  appears  to  be  rather  the 

flatter  and  larger ;  but  both  articular  margins  are  a  little  injured  by- 
fracture.  Their  edges  are  defined  by  a  narrow  bevelled  area ;  the 
body  of  the  centrum  is  smooth,  regularly  constricted,  so  as  to  be 
concave  from  back  to  front  in  every  position  below  the  neural  arch, 
and  devoid  of  ridges.  It  is  more  constricted  at  the  base  of  the 
neural  arch  than  elsewhere,  and,  except  in  being  much  more  slender 
and  less  deep,  recalls  the  dorsal  vertebras  of  Anoplosaurus.  The 
neural  canal  is  similarly  narrow. 

Oligosaurtts  adeltjs,  Seeley. 
(See  Biinzel,  pi.  vi.  figs.  14,  15,  pi.  vii.  figs.  1-4.) 

The  bone  which  Biinzel  figures  (pi.  vi.  figs.  14,  15)  and  regards  as 
the  right  humerus  of  a  lizard,  I  regard  as  the  right  scapula  probably  of 
a  Dinosaur ;  while  the  specimens  (pi.  vii.  figs.  1, 2,  and  3, 4)  regarded 
as  right  femur  and  fragment  of  humerus  of  lizard,  I  regard,  from 
their  correspondence  in  character  and  size,  as  probably  referable 
to  the  same  animal,  though  the  femur  entirely  wants  the  tro- 

chanter which  is  usually  seen  in  Dinosaurs.  Taken  by  themselves, 
these  two  bones  have  enough  in  common  with  lizards  to  account  for 

Biinzel's  determination ;  but  if  the  scapula  is  rightly  associated  with 
them,  there  can,  I  think,  be  no  doubt  concerning  their  Dinosaurian 
affinities. 

Scapula, 

The  scapula  is  a  slender  compressed  bone  4-i-  centim.  long,  and 
imperfect  at  both  ends,  but  not  so  much  injured  as  materially  to 
affect  its  characters.  The  inner  or  visceral  side  is  slightly  concave 
in  length,  and  makes  no  approximation  to  the  concave  form  the 
bone  has  in  the  crocodile.  This  inuer  surface  is  gently  convex  from 
side  to  side.  The  posterior  margin  is  nearly  straight,  becoming 
slightly  concave  towards  the  proximal  end.  In  adopting  this  no- 

menclature I  have  followed  the  crocodilian  analogies  rather  than 
those  of  certain  Dinosaurs.  This  posterior  margin,  as  preserved,  is 
33  millim.  long ;  it  is  rounded,  rather  compressed  towards  the  free 
end,  and  somewhat  obliquely  flattened  towards  the  proximal  end, 
where  a  slight  ridge  becomes  developed,  which  extends  towards  the 
articulation,  giving  the  bone  a  thickness  of  about  \  centim.  The  blade 
of  the  scapula  is  moderately  concave  on  its  anterior  border,  which, 
as  preserved,  is  3  centim.  long.  The  width  of  the  distal  end  is 
11  or  12  millim ;  in  the  middle  the  blade  becomes  constricted  to  a 
width  of  1  centim.,  and  then  expands  proximally.  The  proximal 
width  cannot  be  given,  on  account  of  fracture ;  but  the  specimen,  as 
preserved,  is  17  millim.  wide.    The  anterior  margin  is  more  com- 
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pressed  than  the  posterior  margin.  There  is  an  indication  of  a  ridge 
towards  the  proximal  end,  similar  to  that  on  the  opposite  side  of 
the  bone;  and  between  these  ridges,  which  are  13  millim.  apart, 
the  proximal  end  of  the  bone  is  concave  from  side  to  side.  The  bone 
does  not  greatly  thicken  at  the  proximal  end,  the  greatest  thickness 
towards  the  anterior  border  is  6  millim.  There  is  a  general  re- 

semblance in  character  to  the  scapula  attributed  by  Professor  Owen 
to  Iguanoclon  Mantelli  (Pal.  Soc.  1854,  pi.  xiv.  fig.  1) ;  but  in  this 
form  the  blade  is  not  so  constricted,  and  it  may  be  doubted  whether 
the  anterior  process  there  so  marked  attained  any  corresponding  de- 

velopment in  this  fossil ;  nor  is  the  resemblance  closer  to  Scelido- 
saurus ;  and,  indeed,  in  the  straightness  of  its  posterior  margin  the 
bone  rather  suggests  the  scapula  of  an  Ichthyosaurus,  in  which,  how- 

ever, the  straight  margin  is  anterior. 
Humerus. 

The  bone  which  Biinzel  identifies  as  belonging  to  the  right  side 
of  the  body  seems  to  me  to  be  referable  to  the  left  side.  The 
reason  for  this  determination  is  that  the  articular  head  of  the  bone 
is  on  the  right  side,  as  proved  by  the  thickening,  and  the  radial 
crest  On  the  left  side.  Like  most  of  the  other  specimens,  this  is  im- 

perfect at  both  the  articular  ends,  though  enough  remains  to  convey 
an  idea  of  the  form  and  length  of  the  bone  before  it  was  mutilated. 
The  shaft,  which  is  greatly  expanded  proximally,  is  5  centim.  long. 
The  distal  end  has  the  superior  and  inferior  surfaces  parallel ;  and 
the  bone  is  8  millim.  thick  and  nearly  12  millim.  wide,  more 
rounded  on  the  anterior  than  on  the  posterior  border.  From  the 
superior  outer  border  a  faint  rounded  ridge  extends  up  the  shaft 
towards  the  middle  of  the  articular  head ;  and  an  impression  occurs 
in  its  upper  half  which  appears  to  be  muscular.  The  width  of  the 
bone  at  the  proximal  end,  just  above  this  ridge,  is  22  millim.  In- 

ternal to  the  ridge  the  bone  is  compressed,  so  as  to  contribute  to 
form  the  articular  head.  External  to  the  ridge  it  is  transversely 
expanded,  somewhat  flattened,  and  marked  with  strong  longitudinal 
grooves  at  the  outer  extremity  of  the  radial  border.  The  radial 
border  is  more  concave  than  the  ulnar  border.  The  thickness  of  the 
radial  expansion  is  about  6  millim.,  but  diminishes  proximally. 
The  thickness  of  the  base  of  the  proximal  articulation  where  frac- 

tured is  about  9  millim.  The  inferior  surface  is  regularly  concave 
from  side  to  side  at  the  proximal  end,  and  convex  in  length,  cor- 

responding to  the  transverse  convexity  and  longitudinal  concavity 
of  the  superior  surface.  The  shaft  where  most  constricted,  in  its 
lower  third,  is  less  than  1  centim.  wide,  while  its  thickness  steadily 
diminishes  from  the  distal  end  to  the  radial  margin  at  the  proximal 
end.  This  bone  possesses  none  of  the  typical  characters  of  a  lizard- 
humerus,  but  all  those  which  are  usually  found  in  Dinosaurs,  though 
I  am  unable  to  name  any  genus  in  which  the  form  of  this  bone  is 
so  closely  paralleled  as  to  suggest  generic  identity  or  even  affinity. 
The  distal  fracture,  which  is  transverse,  is  so  irregular  as  to  suggest 
an  epiplrysial  surface  from  which  the  epiphysis  has  come  away. 
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Femur, 

Biinzel,  though  referring  this  specimen  to  the  right  side  of  the 
body,  has  given  no  indication  as  to  its  proximal  and  distal  ends. 
These  determinations  are  a  matter  of  some  difficulty ;  but  it  is  well 
known  that,  as  a  rule,  a  Dinosaurian  femur  is  thicker  on  the  inner 
than  on  the  external  margin,  which  is  commonly  compressed :  and 
there  is  usually  a  certain  compression  of  the  bone  on  the  posterior 
surface.  I  have  hence  been  led  to  regard  this  specimen  as  probably 
the  shaft  of  a  left  femur  which  has  lost  both  the  proximal  and  distal 
ends.  The  fragment  is  6  centim.  long ;  the  shaft  is  curved  more 
after  the  crocodilian  than  the  Dinosaurian  pattern;  only  it  is  a 
simple  convex  curve,  without  any  trace  of  a  sigmoid  flexure.  The 
shaft  is  nearly  cylindrical,  1  centim.  in  diameter  in  the  middle, 
where  most  constricted ;  and  there  it  is  about  9  millim.  thick.  What 
I  take  to  be  the  distal  end  expands  transversely  to  13  millim.,  is 
flattened  on  the  superior  and  inner  borders,  flat  or  concave  on  the 
inferior  border,  somewhat  compressed  towards  the  external  side. 
The  bone  is  9  millim.  thick  on  the  inner  margin,  and  6  millim. 
thick  on  the  outer  margin.  Proximally  there  is  a  nearly  similar  ex- 

pansion of  the  bone  ;  only  the  inner  border  is  directed  well  inwards, 
the  external  border  is  more  flattened,  and  the  inferior  surface  is 
flattened.  The  width  of  the  proximal  end,  as  preserved,  is  1^  centim. 
It  is  impossible,  in  the  absence  of  more  distinctive  characters,  to 
form  any  opinion  as  to  the  affinities  of  this  specimen.  A  curious 
circumstance  concerning  it  is  that,  while  indubitably  a  left  femur, 
either  end  could  be  regarded  as  proximal. 

Vertebra. 

Two  vertebrae  are  figured  by  Biinzel,  pi.  viii.  figs.  2-4,  which  he 
regarded  as  indicating  a  foetal  Dinosaur.  It  is  difficult  to  discover 
any  evidences  that  would  enable  one  to  confirm  this  remarkable 
speculation.  The  vertebrae  are  beyond  all  doubt  Dinosaurian ;  but 
except  in  the  fact  that  the  neural  arch  is  lost,  there  is  no  sign  of 
immaturity.  The  articular  ends  are  perfectly  ossified  and  almost 
flat ;  and  though  the  specimens  are  a  trifle  worn  from  rolling,  I  have 
no  doubt  that  they  must  be  referred  to  a  fairly  well-developed 
animal.  The  larger  and  better-preserved  vertebra  has  the  centrum 
\\  centim.  long,  with  the  sides  somewhat  converging,  but  well 
rounded  below.  There  is  the  base  of  a  transverse  process,  seen  in 
the  middle  of  the  side,  just  below  the  pit  for  the  neural  arch.  This 
circumstance  determines  the  vertebra  as  an  early  caudal.  The 
transverse  measurement  over  the  bases  of  these  processes  is  14  millim. 
The  anterior  articular  surface  is  nearly  circular,  1|  centim.  deep, 
and  nearly  as  wide,  with  the  margin  rounded  and  the  articular  sur- 

face nearly  flat.  The  posterior  articular  end  appears  to  have  been 
rather  small  and  rather  more  concave.  The  neural  arch  did  not 

extend  the  whole  length  of  the  centrum.  The  neural  canal  is  con- 
cave from  front  to  back.  There  are  no  signs  of  facets  for  chevron 

bones. 



FAUNA  OP  THE  OOSAU  FORMATION. 681 

The  second  vertebra  is  about  1|  centim.  long,  but  had  a  keel  on 
the  base  of  the  centrum.  It  appears  to  have  been  smaller  than  the 
other  ;  but,  as  the  dorsal  half  of  the  centrum  is  not  preserved,  it  may 
be  that  this  is  a  similar  caudal  vertebra. 

There  is  no  evidence  that  these  vertebrae  belong  to  the  animal 
which  possessed  the  limb-bones ;  and  I  have  noticed  them  here  be- 

cause they  are  not  obviously  referable  to  any  of  the  other  species 
described. 

Hoplosatjetjs  ischyrus,  Seeley. 

In  June  1880  I  received  word  from  Prof.  Suess  that  another 
collection  of  Cretaceous  reptile  remains  from  the  Gosau  beds  existed, 
which  was  discovered  long  before  the  publication  of  Br.  Biinzei's 
paper.  Eventually  this  small  series  was  secured  by  Prof.  Suess, 
and  forwarded  to  me.  The  specimens  are  imbedded  in  a  hard 
calcareous  clay,  and  are  in  a  bad  state  of  preservation,  having 
been  fractured  in  the  contortion  of  the  rocks  to  an  extent  that 
often  makes  identification  of  the  fragments .  extremely  difficult. 
Prof.  Suess  remarks  of  the  collection,  "  It  is  not  very  much — a  few 
broken  articular  ends  of  limbs,  a  number  of  those  thick  roof-shaped 
dermal  plates  well  known  to  you,  and  a  few  fragments  of  vertebras — 
the  whole  imbedded  in  a  number  of  hard  fragments  of  calcareous 
clay  evidently  once  united  together,  and  clearly  belonging  to  the 
same  individual ;  so  they  may  be  of  some  interest  as  showing  to 

which  limb-bones  the  dermal  plates  belong."  They  are  certainly 
the  most  unpromising  set  of  fragments  that  I  ever  examined  with  a 
view  to  the  study  of  a  new  type  of  life ;  and  yet  they  certainly  in- 

dicate a  different  species  from  any  of  which  the  other  collections  give 
evidence.  I  have  removed  the  matrix,  and  offer  a  few  notes  on  some 
of  the  more  characteristic  fragments. 

Proximal  end  of  r  ight  Humerus. 

This  fragment  indicates  a  humerus  very  different  from  any  thing 
with  which  I  am  acquainted,  but  perhaps  makes  a  near  approxima- 

tion to  that  reptilian  humerus  described  by  Mr.  Hulke  as  probably 
referable  to  Hylceosaurus.  It  has  lost  the  radial  crest,  which  appears 
to  have  been  reflected  downward  more  conspicuously  than  in  Mr. 

Hulke's  specimen,  and  to  have  presented  more  of  the  Crocodilian 
conformation,  though  it  extended  up  to  the  articular  head  of  the  bone, 
as  is  usual  in  Dinosaurs.  The  superior  surface  has  been  fractured, 
so  that  the  entire  thickness  of  the  humeral  articulation  is  not  de- 

monstrated ;  but  it  was  evidently  oblong,  and  measures  6  j  centim.  in 
width,  and,  as  preserved,  is  4  centim.  thick  just  internal  to  the 
radial  crest,  and  over  3  centim.  thick  above  the  ulnar  tuberosity. 
It  appears  to  have  been  comparatively  flat,  and  is  remarkably  pitted 
with  the  evidences  of  a  cartilaginous  epiphysis.  It  appears  to  be 
inclined  at  a  considerable  angle  towards  the  radial  side  of  the  bone. 
Towards  the  ulnar  side  it  is  rounded.  On  the  ulnar  margin  it  is  con- 

stricted ;  and  a  portion  of  a  tuberosity  remains  on  the  inferior  sur- 
face which  is  2  or  3  centim.  below  the  articular  head,  and  increases 
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the  transverse  width  of  the  bone  to  about  8  centim.,  thus  giving  to 
the  head  of  the  bone  a  blunt  wedge-shaped  aspect ;  a  concavity  com- 

pletely separates  the  tuberosity  on  the  inferior  surface  from  the 
articular  head.  Unfortunately  I  have  not  found  it  possible  to  clear 
away  the  matrix  from  the  inferior  surface,  except  so  far  as  was 
necessary  to  show  that  there  was  a  concavity  behind  the  radial  crest. 
The  radial  side  of  the  bone  is  flattened,  but  a  little  concave  from  side 
to  side  on  its  external  aspect.  It  forms  a  considerable  angle  with 
the  superior  face  of  the  bone,  from  which  it  is  divided  by  the  ridge 
or  tuberosity  which  formed  the  ball-like  part  of  the  articulation ; 
though  this  ball  is  fractured,  it  was  placed  conspicuously  towards 
the  radial  side ;  and  beyond  it  is  a  longitudinal  concavity.  The 
fragment  is  only  about  7|  centim.  long,  and  the  fracture  is  not  sharp; 
but  it  shows  that  the  shaft  was  becoming  remarkably  flattened  and 
compressed,  especially  towards  the  ulnar  side. 

The  specimen  thus  presents  a  very  marked  difference  from  the 
humerus  of  Anojploscmrus,  and  is  unlike  that  of  any  other  genus, 
especially  in  the  constriction  which  defines  the  ulnar  tuberosity  and 
in  the  angle  which  it  makes  with  the  head  of  the  bone. 

There  is  a  small  fragment  which  might  well  be  a  part  of  the 
middle  of  the  shaft  of  this  specimen,  too  imperfect  for  description ; 
but  if  it  really  pertained  to  this  bone,  it  may  be  interesting  as  show- 

ing a  thickness  of  nearly  2|  centim. 
A  third  fragment,  very  imperfectly  preserved,  I  am  disposed  to 

regard  as  the  distal  end  of  the  right  humerus,  though  it  is  so  imper- 
fect that  I  cannot  speak  confidently  on  the  matter.  It  only  shows 

one  cond}Tle,  which  is  almost  globular,  with  the  flattened  lateral 
margin  of  the  bone  and  a  small  adjacent  part  of  the  superior  surface 
of  the  shaft.  This  condyle,  however,  is  remarkably  massive,  is 
rounded,  less  than  4  centim.  thick,  and  4J  centim.  wide,  with  a 
rugous  articular  surface  extending  internally  parallel  to  the  external 
lateral  surface  of  the  bone,  and  indicating,  if  I  have  correctly  guessed 
the  nature  of  the  fragment,  that  the  ulna  developed  a  process  received 
between  the  condyles  in  an  unusual  manner.  The  bone  was  evidently 
concave  from  side  to  side  in  front  and  greatly  compressed  between 
the  condyles,  very  much  as  Mr.  Hulke  has  represented  in  Hylazo- 
saurus ;  it  was  thick  on  the  ulnar  side,  and  evidently  more  com- 

pressed on  the  radial  side. 

Articular  ends  of  Scajpulce. 

The  scapulae  are  fractured  so  that  the  entire  blade  of  the  bone  is 
lost  as  well  as  the  articular  surface  for  the  coracoid ;  so  that  nothing 
remains  but  the  articular  region.  The  left  scapula  is  rather  more 
perfect  than  the  right.  The  specimens  have,  at  first  sight,  rather 
the  appearance  of  articular  ends  of  caudal  vertebrae  than  of  scapulas. 
The  left  specimen  shows  the  articulation  to  have  been  an  elongate 
ovoid  with  the  internal  margin  of  the  articulation  convex  and  the 
external  margin  more  flattened.  The  extreme  width  is  4^  centim., 
and  the  length  about  6|  centim.,  as  preserved.    The  articular  sur- 
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face  was  moderately  rough,  with  the  margin  slightly  rounded ;  and 
it  was  concave  from  front  to  back.  Just  above  the  posterior  rounded 
termination  of  the  articulation  the  bone  is  thickened  so  as  to  form  a 
very  slight  tuberosity,  most  conspicuous  on  the  internal  surface, 
where  a  groove  divides  it  from  the  articular  head.  This  inferior 
surface  of  the  bone  is  convex  from  side  to  side,  but  soon  becomes 
compressed,  so  that  the  blade,  where  fractured,  at  4  centim.  from  the 
articulation,  is  less  than  2  centim.  thick.  On  the  external  surface 
the  specimen  is  concave  above  the  articulation,  partly  because  there 
is  a  slight  rounded  ridge  on  the  posterior  edge,  not,  however,  separable 
from  the  rounded  posterior  border,  and  partly  because  the  bone  is 
becoming  thickened  anteriorly,  evidently  in  relation  to  the  develop- 

ment of  a  strong  spine  or  crest  at  about  2  or  3  centim.  above  the 
articular  surface.  The  articular  margin  is  marked  with  longitudinal 
lines  of  ligamentous  attachment.  It  is  of  course  impossible  to  speak 
of  the  affinities  presented  by  this  form  of  scapula ;  but  the  bone  ap- 

pears to  me  to  be  distinct  from  the  scapula  of  Cratceomus,  Anoplo- 
saurus,  Iguanodon,  Scelidosawrus,  and  other  types  with  which  it 
might  be  supposed  to  be  allied. 

A  flat  expanded  bone,  very  imperfectly  preserved,  appears  to  be 
a  portion  of  a  coracoid.  It  has  but  one  margin  remaining,  which  is 
straight  for  a  length  of  upwards  of  5  centim.  and  indicates  an  arti- 

cular surface  at  right  angles  to  the  bone,  such  as  may  have  adjoined 
the  scapula.  The  specimen  is  upwards  of  7  centim.  broad  and 
10  centim.  wide,  as  preserved,  but  is  too  imperfect  for  description. 

Vertebrae. 

The  vertebral  fragments  have  shared  in  the  general  fracturing. 
There  are  two  portions  of  sacrum  which  had  thoroughly  decomposed 
before  fossilization.  One  fragment  indicates  two  vertebrae  anky- 
losed  together ;  the  other  fragment  I  regard  as  showing  the  base  of 
the  centrum  of  another  vertebra,  and  on  this  evidence  should  infer 
that  there  were  at  least  three,  and  probably  four,  sacral  vertebrae, 
though  the  second  specimen  is  imperfect  in  every  direction,  so  that 
it  has  to  be  regarded  carefully  to  be  accepted  as  a  vertebra  at 
all.  This  fragment,  as  preserved,  is  5  centim.  long,  broad,  rounded 
on  the  under  side  and  somewhat  flattened,  with  a  shallow  median 
depression  which  is  fully  1  centim.  wide. 

The  same  characters  are  shown  in  one  of  the  ankylosed  vertebrae. 
These  also  are  imperfect  at  both  ends,  so  that  it  is  impossible  to  judge 
what  the  length  of  each  centrum  may  have  been ;  but,  as  preserved, 
the  length  of  the  two  together  is  a  little  over  5  centim. ;  and  3  centim. 
of  this  belong  to  what  I  regard  as  the  more  anterior  of  the  two.  This 
vertebra  is  very  slightly  concave  from  front  to  back,  and  convex  from 
side  to  side,  with  the  aspect  of  being  flattened  on  the  under  side  and 
with  a  very  slight  median  depression,  which  becomes  more  marked  in 
the  second  vertebra.  The  sides  are  rounded  and  concavely  impressed 
between  the  transverse  processes.  This  appears  to  have  been  given 
off  at  the  suture  between  the  two  vertebrae,  which  is  somewhat  ele- 
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vated  and  expands  laterally — though,  from  the  fractured  state  of  the 
specimen,  it  is  impossible  to  state  the  width  across  the  vertebra, 
which,  as  preserved,  is  only  5  centim.,  but  may  perhaps  have  been 
somewhat  more.  The  centrum  appears  to  have  been  depressed,  as 
usual  in  the  sacral  region,  but  there  is  no  fracture  showing  its  exact 
thickness.  This  form  of  vertebra  is  very  different  from  that  referred 
to  Iguanodon  by  Prof.  Owen  (Pal.  Soc.  1854,  pi.  3),  in  which  the  base 
of  the  centrum  is  a  sharp  ridge.  It  is  also  unlike,  but  nearer  to,  the 
centrum  represented  by  the  same  author,  pi.  7,  and  referred  to  a  young 
Iguanodon,  in  which  the  base  of  the  centrum  is  fiat,  with  a  sharp 
ridge  margining  each  side. 

There  are  two  vertebrae  which  appear  to  be  caudal — one  from 
the  early  part  of  the  tail,  the  other  from  the  later  part  of  the  tail. 
Both  appear  to  have  been  equally  long ;  and  both  are  crushed.  The 
earlier  caudal  vertebra,  as  preserved,  has  the  centrum  about  4|  centim. 
long,  and  22  millim.  wide  in  the  middle  of  the  base.  The  anterior 
face  appears  to  have  been  concave,  and,  as  preserved,  is  4|  centim. 
deep ;  the  depth  of  the  posterior  end  of  the  bone  is  somewhat  less. 
The  base  is  flattened,  though  concave  in  length,  and  separated  from 
the  sides  by  a  sharp  angular  ridge.  The  sides  of  the  bone  are  con- 

cave. The  transverse  process  appears  to  have  been  placed  on  the 
hinder  part  of  the  centrum,  below  the  neural  arch,  and  to  have  had 
an  antero -posterior  extent  of  no  more  than  17  millim.  The  neural 
arch  is  compressed  from  side  to  side  and  constricted  from  back  to 
front,  with  a  rounded  ridge  margining  the  straight  outer  border  of 
the  neural  arch,  which  is  inclined  obliquely  backward.  The  zyga- 
pophyses  are  imperfectly  preserved.  The  posterior  zygapophyses 
extend  beyond  the  centrum  ;  of  the  anterior  zygapophyses  no  trace  is 
preserved.  The  later  caudal  vertebra  has  a  constricted  dicebox-like 
form.  Its  contour  appears  to  have  been  five-sided  at  the  articular 
ends,  with  a  median  ridge  on  the  base  and  lateral  ridges  at  the  middle 
of  the  sides.  The  length  of  the  centrum  is  about  5  centim.  Its 
depth  appears  to  be  about  3  centim.,  and  its  width  3|  centim.  This 
I  take  to  be  at  the  posterior  end  of  the  bone.  Only  an  indication 
of  the  neural  arch  is  preserved ;  the  width  of  the  canal  increases  pos- 

teriorly as  usual.  Another  vertebra,  apparently  dorsal,  is  imbedded 
in  the  matrix ;  but  I  have  not  felt  justified  in  excavating  it  so  as  fully 
to  display  its  characteristics. 

Dermal  Armour. 

The  dermal  armour  comprises  plates  of  two  patterns : — first,  more 
or  less  circular  plates  of  moderate  thickness ;  and  angular  plates 
which  are  thick  at  one  margin,  thin  at  the  opposite  margin,  and  have 
the  surface  concave  in  one  direction  and  convex  in  the  other.  They 
are  flat  on  the  under  side.  One  or  two  of  the  small  biscuit-like 
plates  present  that  curious  angular  combination  of  fibres  that  is  cha- 

racteristic of  the  armour  referred  to  Hyloeosaurus,  a  character  which 
rather  suggests  the  etched  surface  of  a  meteorite  than  the  structure 
of  ivory.    I  have  been  led  to  think  that  this  armour  of  Hylseosaurian 
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character  is  probably  abdominal,  or  at  least  was  not  placed  in  a  po- 
sition so  exposed  on  the  sides  of  the  body  as  the  larger  and  thicker 

scutes.  One  of  the  plates,  as  preserved,  is  6  centim.  long,  less  than 
5  centim.  wide,  has  the  margin  rounded,  and  not  more  than  J  centim. 
thick  (PI.  XXXI.  fig.  11).  It  shows  the  fibres  crossing  somewhat 
obliquely,  so  as  to  define  slightly  rhombic  areas.  This  structure  is 
suggestive  of  the  transverse  crossing  of  the  fibres  in  ivory ;  but  I 
have  no  evidence  whether  it  extends  into  the  substance  of  the  bone. 

Another  plate  of  about  the  same  size  appears  to  be  rather 
thicker,  and,  though  retaining  traces  of  the  cross  angular  mark- 

ings, has  the  surface  of  the  scute  a  good  deal  pitted  and  marked  in 
lines  with  fine  vascular  perforations.  The  larger  scutes  appear  to 
have  lost  the  cross  striping  and  to  show  a  more  porous  texture. 
They  are  remarkable  for  having  the  angle  on  the  scute  placed  so 
near  towards  one  margin  as  sometimes  to  make  that  side  all  but  ver- 

tical to  the  base.  The  other  side  covers  nearly  the  whole  superior 
surface  of  the  scute,  and  presents  the  curious  saddle-shaped  form  to 
which  attention  has  already  been  drawn.  One  of  these  scutes  is 
6£  centim.  long,  and  has  the  angular  crest  2|  centim.  high,  while 
the  average  thickness  of  the  plate  is  not  much  over  1  centim.  In 
another  specimen  the  crest  appears  to  rise  considerably  higher,  and 
gives  evidence  of  median  compression  and  oblique  overlapping ;  the 
base  is  slightly  concave. 

Besides  these  remains  there  are  portions  of  ribs,  which  are  slender, 
straight,  flattened,  or  slightly  grooved  on  one  side  and  convex  on  the 
other,  with  the  anterior  margin  of  the  bone  rounded  and  the  posterior 
margin  compressed  to  a  sharp  ridge,  These  fragments  are  all  short 
enough  to  appear  straight,  and  have  a  width  of  about  1J  centim. 
There  are  a  few  fragments  which  give  some  information  about  the 
characters  of  the  articular  ends  of  some  of  the  larger  limb-bones ;  but 
they  are  so  obscure  that  I  have  not  felt  justified  in  attempting  to 
describe  them ;  and  there  is  a  fragment  which  may  be  a  portion  of 
an  ilium,  of  unusual  shape. 

Crocodiltjs  proavus,  Seeley. 

The  remains  of  a  proccelous  Crocodile,  some  of  which  were  figured 
by  Biinzel  (pi.  i.)  comprise  2  cervical  vertebra?,  8  dorsal,  one  lumbar, 
one  sacral,  an  early  and  a  late  caudal,  portions  of  two  iliac  bones 
(which  unfortunately  exhibit  no  characters  of  value),  the  proximal 
end  of  a  femur  showing  the  typical  Crocodilian  characters  in  a  very 
pronounced  manner,  and  the  ulna  and  radius.  There  are  Crocodilian 
teeth  which  have  lateral  ridges  and  striated  crowns,  and  small  suc- 
cessional  teeth,  and  a  parietal  bone. 

There  is  also  evidence  of  a  minute  Crocodile  in  the  articular  head 
of  a  femur.  The  fragment  is  too  small  for  description ;  but  it 
obviously  indicates  a  distinct  species  from  the  larger  remains,  as 
shown  by  the  greater  forward  curvature  of  the  head,  its  relatively 
greater  width,  and  the  stronger  development  of  the  median  crest  on 
the  under  side  of  the  articular  surface. 
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Femur. 

The  proximal  fragment  of  the  femur  (PI.  XXIX.  figs.  7,  8), 
which  may  have  belonged  to  the  same  animal  as  the  vertebrae, 
is  6^  centim.  long,  exhibits  the  usual  sigmoid  flexure,  and  is 
compressed  on  the  external  or  superior  surface  as  in  living  Cro- 

codiles. Unfortunately  the  posterior  margin  of  the  head  is  not 
quite  complete ;  but  from  the  region  of  the  great  trochanter  a 
powerful  muscular  ridge,  defined  by  a  groove  on  its  anterior  side, 
runs  obliquely  downward,  outward,  and  forward,  exactly  as  in  the 
living  Alligator ;  only  the  muscular  power  appears  here  to  have  been 
greater.  The  shaft  of  the  bone  is  similarly  subcylindrical ;  and  the 
ridges  are  distributed  in  exactly  the  same  way.  The  inferior  surface 
of  the  bone  shows  the  articular  head  to  have  been  rather  better  de- 

veloped than  in  the  Alligator,  apparently  a  little  broader,  and  curv- 
ing a  little  more  inward.  The  median  process  is  more  developed, 

and  extends  as  a  distinct  ridge  for  a  short  distance  down  the  shaft. 
The  muscular  tuberosity  which  represents  the  lesser  trochanter  in 
Mammals  and  the  trochanter  of  Dinosaurs  generally,  seen  in  the 
middle  of  the  shaft,  is  better  developed  than  in  the  recent  type. 
There  is  an  oblique  oval  depression  with  an  elevated  ridge  behind 
it,  and  another  ridge  extending  above  it  proximally.  The  posterior 
ridge  runs  proximally  towards  the  articular  head,  and  is  separated 
from  the  ridge  above  the  muscle  by  a  groove.  Every  thing  which 
distinguishes  the  living  Crocodile  is  here  intensified. 

Proximal  end  of  Bight  Fibula. 

The  specimen  which  Biinzel  regarded  (pi.  vi.  figs.  12, 13)  as  the  rib 
of  a  lizard  presents  all  the  characters  of  a  small  crocodilian  fibula, 
in  which,  as  compared  with  living  forms,  the  crocodilian  attri- 

butes are  somewhat  intensified.  But  the  bone-tissue  is  so  dense 
and  brilliant  that  it  has  more  the  aspect  of  the  bone  of  a  bird,  Or- 
nithosaur,  or  Lacertilian.  The  fragment  (PI.  XXVIII.  figs.  10, 11) 
is  about  3|  centim.  long,  and  has  been  obliquely  fractured  below 
the  expanded  head,  with  a  minute  displacement  which  slightly  aug- 

ments the  curvature  of  the  bone. 
The  articular  head  is  relatively  thicker  than  in  the  Mississippi 

Alligator,  measuring  fully  11  millim.  from  front  to  back,  and 
7  millim.  from  side  to  side.  The  articular  surface  is  somewhat 
saddle-shaped  as  in  the  living  animal,  being  concave  in  length  and 
convex  in  width.  It  is  widened  a  little  posteriorly,  owing  to  the 
development  of  an  oblique  muscular  ridge,  which  in  the  existing 
crocodile  does  not  approach  so  near  to  the  articulation  and  is  less 
internal.  The  internal  aspect  of  the  bone  is  less  flattened  than  in 
the  Alligator,  is  similarly  marked  below  the  articulation  with  short 
muscular  ridges ;  but  they  are  not  defined  by  a  V-shaped  area,  and 
hence  the  longitudinal  tibial  ridge,  which  is  well  marked  proximally, 
does  not  originate  in  a  Y-shaped  form.  The  anterior  margin  of  the 
bone  is  convex  from  above  downwards ;  and  there  is  a  corresponding 
concavity  in  the  length  of  the  posterior  outline.    The  external  sur- 
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face  was  presumably  convex  from  side  to  side,  though  (owing,  I  think, 
to  crushing)  it  has  a  longitudinal  groove.  There  is  a  small  muscular 
tuberosity  on  the  outer  anterior  margin,  as  in  the  Alligator,  just 
where  the  compressed  and  curved  proximal  end  merges  into  the 
straight  and  nearly  cylindrical  shaft.  The  shaft  at  the  fracture  is 
7  millim.  long  by  6  millim.  wide,  and  has  a  medullary  cavity 
which  is  over  2  millim.  in  diameter  (fig.  11). 

Ulna. 

With  the  radius  figured  by  Biinzel,  pi.  vii.  figs.  7,  8,  occurs  an 
ulna.  The  radius  was  regarded  as  that  of  a  lizard.  The  ulna,  which 
is  slender  and  compressed,  with  a  somewhat  expanded  proximal  end, 
is  exactly  paralleled  by  some  of  the  living  short-snouted  Crocodiles. 
The  ulna  (PI.  XXIX.  figs.  9, 10)  is  6  j  centim.  long,  and  referable  to  the 
left  side  of  the  body ;  it  has  the  shaft  smooth,  compressed  from  side 
to  side,  and  contracting  and  curving  as»it  descends  from  the  humeral 
to  the  carpal  surface.  The  articular  head  of  the  bone  (fig.  10)  is 
remarkably  large,  being  in  antero-posterior  measurement  over  17 
millim.,  while  the  width  is  11  millim.  towards  the  radial  border,  and 
about  1  centim.  at  the  posterior  border.  This  surface  is  somewhat 
concave  from  front  to  back.  Immediately  below  the  articulation  at 
the  proximal  end  is  a  deep  impression,  which  may  possibly  be  due 
to  pressure,  but  may  also  indicate  the  entrance  of  a  large  vessel  into 
the  bone.  On  the  superior  aspect  there  are  natural  impressions  in 
the  middle  of  the  side  and  below  the  inner  margin  of  the  articular 
surface.  The  thickness  of  the  shaft  just  below  the  articular  head  is 
5  centim. ;  and  though  this  thickness  becomes  reduced  a  little  in  the 
middle  of  the  shaft,  there  is  a  slight  thickening  again  towards  the 
distal  end.  The  width  of  the  shaft  just  below  the  articulation  is 
1  centim.;  and  this  width  diminishes  to  about  6  millim.  just  above  the 
distal  articulation.  On  the  superior  surface  of  the  distal  end  of  the 
shaft  a  ridge  appears  at  the  hinder  margin,  which  extends  obliquely 
across  the  bone.  The  distal  end  is  a  little  crushed  and  twisted,  sub- 
reniform,  more  than  1  centim.  wide,  and  6  millim.  thick,  and  makes 

an  angle  of  about  45°  in  the  plane  of  its  direction  with  the  proximal 
end.  The  form  of  the  articulation  appears  to  include  three  regions — 
first  a  deep  middle  groove,  external  to  which  is  a  small  spherical 
ball,  while  internal  to  it  is  a  concavity.  The  median  groove  and  the 
compression  of  the  bone  on  the  inferior  margin  give  to  the  articula- 

tion somewhat  of  a  broad  Y-shape. 

Radius. 

The  radius  is  represented  by  both  right  and  left  bones.  The  speci- 
men figured  by  Biinzel  (pi.  vii.figs.7, 8)  appears  to  me  to  be  left.  It  is  a 

straight  bone,  6*2  centim.  long,  corresponding  in  length  with  the  ulna. 
The  proximal  end  (PI.  XXIX.  fig.  13)  of  the  bone  is  expanded  trans- 

versely, with  a  thickened  margin  on  the  inferior  border.  This  end  of 
the  bone  is  fully  1  centim.  wide,  but,  as  preserved,  is  only  \  centim. 
thick,  probably  owing  to  crushing  of  the  superior  articular  border. 
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The  shaft  (fig.  11)  rapidly  contracts,  so  that  at  a  little  below  the 
articulation  it  is  hardly  more  than  J  centim.  wide ;  but  it  gradually 
expands  distally  to  1  centim.  The  bone  is  compressed  from  above 
downward ;  its  thickness  in  the  upper  half  of  the  shaft  is  4  millim.; 
but  it  increases  in  the  lower  half  of  the  shaft  to  over  5  millim., 
owing  to  the  development  of  a  median  ridge  which  divides  this  part 
of  the  bone  nearly  equally  into  internal  and  external  areas,  which 
are  margined  laterally  by  ridges.  The  inferior  surface  is  also 
marked  towards  the  distal  end  by  a  slight  longitudinal  median  ridge ; 
and  the  articular  end  of  the  bone  is  subreniform,  convex  from  side 
to  side.  The  width  of  the  distal  end  (fig.  12)  is  1  centim. ;  and  its 
thickness  in  the  middle  is  about  J  centim.  The  distal  ridges  are  an 
important  distinctive  character  not  found  in  living  Crocodiles. 

Cervical  Vertebrce. 

The  cervical  vertebrae  are  probably  about  the  third  and  fourth. 
What  I  take  to  be  the  third  is  only  the  centrum,  and,  except  in  less 
development  of  the  tubercle  for  the  ribs,  differs  in  no  essential  point 
from  the  better-preserved  bone.  The  fourth  vertebra  (PI.  XXX. 
figs.  6,  7)  might,  indeed,  be  the  fifth,  sixth,  or  seventh,  since  it  pre- 

sents all  the  characters  seen  in  the  vertebrae  of  the  Alligator  in  the 
middle  of  the  neck.  It  is  about  the  size  of  the  vertebra  figured  by 
myself  as  that  of  Crocodilus  cantabrigiensis,  but  is  shown  to  belong 
to  a  distinct  species  by  the  less  antero-posterior  length  of  the  neural 
arch,  its  greater  inclination  forward,  the  stronger  development  of  the 
hypapophysial  spine,  and  minor  characters. 

The  centrum  is  17  millim.  long,  terminates  posteriorly  in  a  well- 
rounded  articular  ball  which  is  about  4  millim.  long,  and  is  margined 
below  by  a  sharp  ridge  and  above  by  an  equally  sharp  incised  groove 
(which  may  perhaps  indicate  a  certain  incompleteness  of  ossification). 
The  ball  is  circular  and  as  nearly  as  may  be  a  centimetre  in  diameter. 
The  cup  in  front  is  of  corresponding  size  and  form.  The  hypapo- 
physis  is  a  strong  compressed  process  which  rises  just  in  front  of  the 
ridge  bounding  the  posterior  articulation,  and  is  directed  forward 
and  downward  in  front  of  the  anterior  cup,  much  as  in  the  fifth 
cervical  of  the  Mississippi  Alligator.  On  each  side  of  this  process 
and  below  the  middle  of  the  side  of  the  centrum,  but  rather  higher 
than  the  corresponding  process  in  the  Alligator,  is  situate  the  parapo- 
physis  or  articulation  for  the  rib.  It  blends  with  the  margin  of  the 
anterior  cup,  and  is  a  strong,  compressed,  triangular  process  with  a  flat- 

tened facet  which  looks  obliquely  outward  and  forward.  It  is  sepa- 
rated from  the  hypapophysis  by  the  usual  concave  channel  (fig.6);  and 

a  similar  channel  divides  it  from  the  diapophysial  process  on  the  neural 
arch  ;  but  in  the  middle  of  this  channel,  or,  rather,  towards  its  upper 
part,  is  a  slight  ridge  which  extends  from  the  upper  margin  of  the 
anterior  cup  backward  towards  the  ball.  The  diapophysis,  as  usual, 
extends  further  outward  than  the  parapophysis,  and  is  a  smaller 
facet  supported  on  a  process  of  which  the  hinder  margin  is  no  more 
free  than  in  the  third  vertebra  of  the  Alligator ;  but  the  process  is 
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broad,  and  denned  below  and  in  front  by  an  oblique  groove.  The 
vertical  measurement  across  the  two  facets  for  the  cervical  rib  is 
1  centim.  The  neural  arch  has  a  decided  aspect  of  being  inclined 
forward,  owing  to  the  way  in  which  the  slight  rounded  ridge  from 
the  diapophysis  ascends  obliquely  forward  towards  the  praezygapo- 
physis,  coupled  with  the  fact  that  the  posterior  border  of  the  neural 
canal  is  straight  and  parallel  to  it.  The  antero-posterior  measure- 

ment of  the  neural  arch  below  the  zygapophyses  is  less  than  a  centi- 
metre. The  sides  of  the  neural  arch  are  concave  from  above  down- 

ward, and  obliquely  channelled.  The  praezygapophyses  are  strong  pro- 
cesses compressed  into  a  wedge-shape  in  the  usual  way  (fig.  7),  directed 

upward,  forward,  and  outward,  with  circular  facets,  which  are  divided 
from  each  other  by  a  broad  Y-shaped  notch.  The  processes  are 
united  by  a  thin  platform  above  the  neural  canal,  the  anterior  half 
of  which  is  excavated  by  a  longitudinal  pit  which  almost,  or  quite, 
perforates  the  forked  depression  between  the  zygapophyses.  Prom 
the  hinder  half  of  the  neural  platform,  which  has  a  remarkably  four- 
cornered  appearance  owing  to  the  lateral  constrictions,  rises  the 
neural  spine.  It  is  triangular,  being  compressed  in  front  and  wider 
behind,  where  it  is  vertically  channelled ;  and  the  channel  descends 
so  as  to  divide  the  posterior  zygapophyses  from  each  other.  The 
antero-posterior  measurement  of  the  base  of  the  spine  is  f  centim. 
Its  height,  as  preserved,  from  the  base  of  the  zygapophysial  facet  is 
1^  centim.  A  slight  ridge  extends  from  its  anterior  border  to  the 
posterior  border  of  the  praezygapophysial  facet,  while  in  the  Alli- 

gator the  corresponding  ridge,  when  it  exists,  is  carried  forward ; 
behind  this  ridge  the  platform  at  the  base  of  the  neural  arch  rounds  con- 

vexly  on  the  side  of  the  centrum.  The  posterior  z}-gapophyses  (fig.  6) 
are  strong  wedge-like  processes  directed  outward,  only  slightly  ex- 

tending behind  the  neural  spine,  and  not  entirely  behind  it  as  in  the 
Alligator.  They  are  remarkable  for  the  well-defined  notch  below 
them,  something  like  that  seen  in  the  third  and  fourth  vertebrae  of 
the  Alligator,  and  for  the  tubercle  above  the  posterior  margin  of  the 
ovate  facets,  which  gives  the  back  of  the  zygapophyses  a  somewhat 
channelled  appearance,  to  which,  the  Alligator  offers  no  parallel. 
The  measurement  from  back  to  front  over  the  zygapophyses  is 
2  centim.  The  transverse  measurement  over  the  praezygapophyses 
is  about  18  millim.  The  side-to-side  measurement  of  the  constric- 

tion between  the  anterior  and  posterior  zygapophyses  is  12  millim. 
The  posterior  zygapophyses  were  evidently  narrower  than  those  in 
front  by  a  millimetre  or  two.  The  neural  canal  is  transversely  ovate 
behind,  but  in  front  appears  wider  and  more  depressed  (fig.  7),  with 
a  flat  wall ;  the  floor  of  the  centrum  is  concave,  and  shows  the  usual 
pair  of  nutritive  foramina. 

Dorsal  Vertebrce. 

There  are  8  dorsal  vertebrae,  which  mostly  belong  to  the  hinder 
part  of  the  series.  Beckoning  as  the  first  dorsal  that  vertebra  in 
which  the  rib  is  for  the  first  time  entirely  carried  on  the  transverse 
process,  I  should  regard  the  earliest  vertebra  preserved  of  this 

Q.J.G.S.  No.  148.  2z 
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series  as  probably  not  later  than  the  6th  dorsal,  while  it  might  have 
been  as  early  as  the  second,  which  is  likely  to  have  been  its  true 
position.  Then  succeeds  a  centrum  which  may  have  belonged  to 
about  the  fifth  dorsal.  The  remaining  six  vertebrae  appear  to  be  in 
sequence,  and  belong  to  the  hinder  part  of  the  vertebral  column ; 
and  if  the  number  of  vertebras  was  the  same  in  this  animal -as  in  the 
Alligator,  they  might  be  the  7th  to  12th  dorsal  vertebras.  The 
13th,  or  last  dorsal  or  lumbar  vertebra,  if  found  separately,  might 
have  been  referred  to  another  genus,  and  perhaps  to  a  Dinosaur. 
The  first  sacral  vertebra  is  imperfectly  preserved. 

The  early  dorsal  vertebra  is  distinguished,  as  in  existing  Croco- 
diles, by  the  slight  development  of  the  ridge,  which  ascends  from  the 

hinder  border  of  the  praszygapophysis  inward  and  backward  towards 
the  neural  spine.  The  centrum  has  a  length  of  from  18  to  19  millira. ; 
so  that  there  is  but  little  increase  of  length  as  compared  with  the 
cervical  region.  The  transverse  process  is  compressed  and  directed 
outward  horizontally  or  a  trifle  upward.  It  is  thickened  on  the  in- 

ferior posterior  border  by  a  ridge  which  extends  downward  towards 
the  centrum  and  constitutes  a  marked  specific  character,  especially 
as  there  is  a  deep  conical  pit  behind  it  immediately  below  the  notch 
which  separates  the  transverse  process  from  the  postzygapophysis. 
The  antero-posterior  width  of  the  transverse  process  is  11  millim. 
Resting  upon  it  in  front,  rather  more  horizontally  than  in  existing 
Crocodiles,  so  far  as  regards  its  lateral  direction,  is  the  praszygapo- 
physial  facet  (fig.  8),  which  is  about  11  millim.  long  and  6  millim.  wide. 
The  transverse  process  is  perhaps  a  little  lower  in  position  than  the 
transverse  process  in  the  early  dorsal  vertebras  of  the  Alligator,  being 
on  a  level  with  the  upper  part  of  the  neural  canal.  The  ridges  on 
the  posterior  zygapophyses  are  rather  narrow,  so  as  to  give  a  some- 

what pinched  aspect  to  the  concave  area  on  each  side  at  the  base  of 
the  neural  spine  (fig.  8).  The  neural  spine  extended  backward  a 
little  between  the  diverging  ridges  of  the  posterior  zygapophyses  ;  and 
at  its  base  there  is  a  pit.  The  centrum  is  evenly  rounded  (fig.  9), 
and  both  cup  and  ball  well  developed.  As  in  the  cervical  region, 
the  ball  is  marked  on  its  upper  margin  by  an  incised  groove  (fig.  8) 
similar  to  that  seen  in  the  vertebras  of  the  Alligator. 

The  later  dorsal  vertebras,  as  in  existing  Crocodiles,  are  charac- 
terized by  the  deeper  depression  between  the  anterior  and  posterior 

zygapophyses,  and  by  the  increased  elevation  of  the  zygapophyses 
above  the  transverse  process,  consequent  upon  this  process  acquiring 
a  somewhat  lower  position  relatively  to  the  neural  canal.  The  pras- 
zygapophyses  come  to  extend  a  little  further  forward  and  to  look  a 
little  more  upward  and  inward.  The  centrums  increase  in  length 
so  that  what  I  regard  as  the  tenth  is  23  millim.  long.  The  articular 
cup  in  front,  perhaps,  becomes  a  little  wider :  and  the  base  of  the 
centrum  is  rather  more  flattened.  The  compressed  appearance  at 
the  base  of  the  transverse  process  gives  place  to  a  regular  concavity 
from  above  downward  ;  and  the  antero-posterior  extent  of  the  neural 
arch  is  increased,  while  the  size  of  the  neural  canal  is  diminished 
and  its  height  lessened.    There  also  comes  to  be  a  less  development 
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of  the  inferior  margin  of  the  cup  of  the  centrum,  which  gives  a  slight 
appearance  of  leaning  forward  to  the  bodies  of  the  vertebras.  The 
twelfth  centrum  is  22  miilim.  long,  and  has  the  cup  13  millim.  wide 
in  front,  showing  an  increase  in  the  depression  of  the  centrum  simi- 

lar to  that  which  is  observed  in  the  later  dorsal  vertebras  of  existing 
Crocodiles. 

Lumbar  Vertebra. 

The  lumbar  vertebra  (PI.  XXX.  figs.  10,  11)  may  not  have  been 
the  only  one  of  its  kind  ;  it  certainly  did  not  immediately  succeed 
the  last  dorsal,  if  it  is  supposed  to  have  pertained  to  the  same 
animal ;  for  it  has  the  centrum  much  more  depressed,  with  the  zyga- 
pophysial  facets  perceptibly  higher,  but  still  retaining  a  much  less 
inclined  position  than  is  seen  in  the  Alligator.  The  cup  in  front  of 
the  centrum  (fig.  10)  is  1^  centim.  wideband,  as  preserved,  1  centim.in 
vertical  diameter  ;  so  that  it  has  a  transversely  oval  form,  which  gives 
a  broad  aspect  to  the  base  of  the  centrum.  The  posterior  ball  has  a 
similar  pterodactyle-like  transverse  extension,  but,  as  in  the  earlier 
vertebras  of  the  series,  is  margined  above  by  the  characteristic  groove. 
The  transverse  process  is  only  7  millim.  wide  at  the  base,  and  was 
therefore  small,  like  the  corresponding  process  in  the  Alligator. 
In  transverse  section  (fig.  11)  it  is  somewhat  T-shaped,  owing  to  the 
development  of  an  inferior  sharp  vertical  ridge  which  descends  to 
the  base  of  the  neural  arch,  widening  as  it  comes  downward.  This 
ridge  curiously  resembles  that  which  is  so  characteristic  in  the  neural 
arch  of  a  Dinosaur ;  but  it  is  clearly  comparable  to  that  which  I  have 
referred  to  in  the  early  dorsal  vertebra,  and  constitutes  one  of  the 
distinctive  characters  of  the  species.  The  neural  canal  here  enlarges 
again  as  though  in  anticipation  of  the  sacral  expansion.  The  notch 
between  the  posterior  zygapophyses  is  wider  in  this  vertebra  than  in 
the  dorsal  series  ;  and  the  zygapophyses  appear  to  be  somewhat 
stronger  and  broader. 

Saaral  Vertebra. 

The  first  sacral  vertebra  is  only  a  fragment,  the  greater  part  of  the 
neural  arch  being  broken  away,  only  a  portion  of  it  remaining  at  the 
anterior  end  of  the  left  side.  The  centrum  is  remarkably  oblique ;  it 
is  2  centim.  long,  and  flattened  on  the  under  side,  with  a  small  median 
groove  in  the  anterior  part.  The  sides  are  rounded ;  the  anterior  cup 
is  imperfectly  preserved,  but  appears  to  have  been  more  depressed 
than  in  the  lumbar  vertebra.  The  posterior  end  of  the  centrum  is 
oblique,  flattened,  with  a  depression  below  the  neural  surface.  It  is 
narrower  than  the  anterior  end,  being  about  11  millim.  wide,  as  pre- 

served, and  semicircular  in  outline.  The  basal  surface  of  the  neural 
canal  is  smooth,  straight,  and  concave  from  side  to  side.  The  neural 
arch  enters  into  the  anterior  cup  as  in  the  Alligator,  and  gives  off  at 
the  anterior  end  of  the  side  a  massive  transverse  process,  the  frac- 

tured base  of  which  is  13  millim.  deep  and  1  centim.  wide,  and  has 
a  somewhat  reniform  outline  owing  to  the  anterior  concavity.  Only 
the  base  of  the  anterior  zygapophysis  is  preserved. 2z2 
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Caudal  Vertebra?. 

The  early  caudal  vertebra  was  probably  about  the  fifth  or  sixth. 
The  late  caudal  vertebra  would  correspond  with  about  the  23rd  or 
24th  in  the  Alligator,  though  the  form  of  the  centrum  might  be 
taken  to  indicate  that  the  tail  was  relatively  short,  and  probably 
contained  fewer  vertebrae,  while,  from  the  absence  of  any  continued 
series,  its  identification  as  belonging  to  this  species  is  open  to  some 
doubt.  The  early  caudal  vertebra  (PI.  XXX.  figs.  12-14)  is  of 
elongated  form,  compressed  at  the  sides,  narrow  and  somewhat  flat- 

tened on  the  underside.  The  length  of  the  centrum  is  31  millim. 
The  cup  in  front  (fig.  14)  is  circular  and  11  millim.  in  diameter; 
below  it  is  an  oblique  hypapophysial  facet.  The  cup  is  slightly 
oblique  ;  and  the  length  of  the  base  of  the  centrum  is  22  millim.  Pos- 

teriorly the  outline  is  subquadrate,  owing  to  the  flatness  of  the  sides 
and  to  the  development  of  two  facets  divided  by  a  groove  below  the 
articular  ball  (fig.  13).  Unlike  the  Alligator,  the  centrum  is  widest 
over  these  facets.  There  is  the  incised  margin  on  the  upper  surface 
of  the  ball  which  characterizes  all  the  vertebrae.  The  width  of  the 
posterior  end  of  the  centrum  is  1  centim.,  its  extreme  depth  13  millim. 
The  centrum  has  a  pinched-in  appearance  (fig.  13)  below  the  trans- 

verse process  (fig.  12),  which,  as  usual,  was  given  off  about  the  middle 
of  the  side,  was  horizontal,  compressed  from  above  downward,  and, 
though  convex  on  the  underside,  shows  no  indication  of  a  ridge. 
The  antero-posterior  extent  of  its  base  is  about  12  millim.  The 
neural  arch  appears  to  have  had  a  very  short  neural  spine ;  and  the 
ridges  from  the  zygapophyses,  instead  of  being  directed  downward  to 
join  the  transverse  process  as  in  the  Alligator,  converge  inward  and 
backward  to  form  the  base  of  the  neural  spine  in  front.  The  ante- 

rior zygapophyses  projected  in  front  of  the  centrum ;  the  facets  (fig.  12) 
looked  more  upward  and  less  inward  than  in  the  Alligator ;  and  there 
was  no  notch  between  them  exposing  part  of  the  neural  surface  of 
the  centrum. 

The  late  caudal  vertebra,  supposing  it  to  belong  to  this  species, 
concerning  which  I  feel  some  doubt,  is  about  17  millim.  long,  has  a 
ridge  in  place  of  the  transverse  process,  has  the  narrow  base  mar- 

gined by  two  sharp  parallel  ridges,  and  the  posterior  cup  deeper 
than  the  anterior  cup. 

Teeth. 

There  are  5  Crocodilian  teeth.  The  most  important  of  these 
(PI.  XXVII.  fig.  25)  is  fractured,  but  appears  to  indicate  an  ovate 
crown  curved  slightly  inward,  terminating  on  each  side  in  a  strong 
ridge,  and  having  the  exterior  face  marked  with  a  number  of  faintly 
elevated  blunt  striae,  with  finer  striae  on  the  inner  face  ;  the  crown, 
which  is  a  little  worn,  is  1  centim.  high,  and  gives  indication  of  the 
beginning  of  the  fang.  There  are  two  successional  teeth ;  one  of 
these  has  a  circular  base,  the  other  an  oval  base  ;  both  are  short  and 
blunt,  marked  with  lateral  ridges  and  covered  with  numerous  fine 
parallel  striae.    The  largest  is  nearly  |  centim.  in  diameter  (fig.  24). 
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Another  tooth  has  the  same  general  character  ;  but  the  crown 
appears  more  curved,  with  sharper  lateral  ridges  and  finer  and  more 
numerous  striations. 

In  the  possession  of  lateral  ridges,  as  well  as  in  the  striated  sur- 
face of  the  crown,  the  teeth  of  this  species  approximate  to  those  re- 

ferred by  Leidy  to  Hyposaurus ;  but  there  is  no  correspondence  in 
vertebral  characters.  The  vertebrae  referred  by  the  same  author  to 
Thoracosaurus  correspond  in  being  procoelous,  but  differ  in  the  posi- 

tion and  character  of  the  tubercles  for  the  articulation  of  the  ribs,  as 
well  as  in  the  form  and  direction  of  the  neural  spine  in  the  cervical 
region.  It  is  difficult  to  determine  accurately  the  relation  of  the 
species  to  Holops ;  but  the  absence  of  the  hypapophysis  from  the  early 
dorsal  vertebra?  will  exclude  comparison  with  that  form,  equally  with 
the  contour  of  the  neural  canal.  Holops,  however,  appears  to  have 
had  the  sharp  ridge  margining  the  parietal  bone  which  is  seen  in 
the  specimen  figured  by  Biinzel. 

It  is  impossible  to  determine  whether  the  parietal  bone  of  Croco- 
dilian character  (figured  by  Biinzel,  pi.  i.  figs.  1-2),  is  referable  to 

this  species  or  to  some  other  animal.  Its  distinctive  features  are  the 
sharp  lateral  ridges  margining  the  temporal  fossae,  the  fineness  of 
the  circular  pits  on  the  bone,  and  the  remarkable  thinness  of  the 
bony  substance. 

That  this  species  can  remain  in  the  genus  Crocodilus  is  impro- 
bable ;  but  at  present  I  see  no  grounds  on  which  to  separate  it. 

Pleueopeltus  Suessii,  Seeley. 

Postfrontal  Bones  of  a  Chelonian  Skull. 

Two  fragmentary  bones  (PI.  XXVIII.  figs.  8,  9),  right  and  left, 
present  on  their  external  surface  impressions  of  scutes,  and  on  their 
under  surface  portions  of  a  large  cavity  which  I  believe  to  be  orbital ; 
therefore  I  interpret  these  fragments  as  being  postfrontal  bones  of  a 
large  Chelonian  of  Emydian  affinities ;  and  as  the  skull,  when  com- 

plete, was  obviously  of  large  size,  it  may  well  have  belonged 
to  the  animal  indicated  by  the  large  costal  plates  presently  to 
be  described.  The  remarkable  feature  about  this  bone  is  the 
character  of  its  sutures ;  for  while  a  groove  runs  round  the  thin 
margin  in  which  the  edge  of  the  bone  terminates,  and  evidently 
received  a  sharp  ridge  from  the  adjacent  bone,  the  margin  on  the 
under  side  is  bevelled,  and  thus  demonstrates  a  union  of  the  bones 
by  squamous  overlap.  The  under  surface  of  the  bone  (fig.  9)  is  crossed 
by  an  oblique  ridge,  which  divides  it,  as  preserved,  into  two  nearly 
equal  portions.  This  ridge  helps  to  form  a  part  of  the  posterior 
boundary  for  the  eye-ball,  and  is  characteristic  of  Chelydra  and 
allied  genera.  The  orbital  surface  is  concave,  and  more  resembles 
that  of  Chelydra  serpentina  than  that  of  Trachydoglossus ;  and  the 
resemblance  extends  even  to  the  position  of  the  vascular  foramen 
at  the  back  of  the  orbit,  though  there  may,  perhaps,  in  the  fossil  be 
several  small  foramina  in  a  line.    This  surface,  as  preserved,  mea- 
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sures  about  4  centim.  in  its  greatest  length,  and  upwards  of 
3  centim.  in  its  greatest  width.  The  bone  probably  extended  for- 

ward no  further  than  the  middle  of  the  orbit ;  and  in  that  case  but  a 
small  portion  is  lost.  The  area  posterior  to  this  ridge  bounding  the 
back  of  the  orbit  is  excavated,  4  centim.  long  and  2  centim.  wide. 
It  consists  of  an  inner  oblong  area,  truncated  externally  by  the 
suture  for  the  malar  bone,  and  margined  by  the  bevelled  edge  re- 

ferred to,  which  is  about  6  millim.  wide  behind  and  8  millim.  on  the 
inner  side.  The  superior  surface  of  this  subquadrate  fragment  (fig.  8) 
is  convex  from  within  outward,  showing  that  the  top  of  the  head 
was  flattened,  but  that  it  rounded  into  the  lateral  area.  It  is  divided 
into  seven  areas  by  unusually  wide  and  well-marked  scutal  grooves. 
The  bone  between  these  grooves  has  a  roughened,  somewhat  pitted 
appearance,  indicative  of  vascular  structure.  The  scutes  are  espe- 

cially remarkable  from  their  number  and  small  size ;  that  over  the 
orbit  is  largest,  being  about  3  centim.  long  and  more  than  1|  centim. 
wide.  The  other  scutes  will  be  best  understood  from  the  figure. 
They  are  irregular,  subquadrate  or  sub  triangular  figures,  varying  in 
measurement  from  1  centim.  to  about  1|  centim.  The  grooves  which 
define  the  scutes  are  from  2  to  3  millim.  wide.  The  articular  sur- 

face for  the  malar  bone  (fig.  9)  is  2|  centim.  long,  and  over  a  centi- 
metre deep.  It  is  a  concave  shallow  groove,  which  involves  the  ter- 

mination of  the  postorbital  ridge.  There  is  every  reason  to  suppose 
that  the  squamosal  articulation  was  a  small  area  just  behind  the 
malar  articulation,  and  that  it  did  not  extend  for  more  than  a  centi- 

metre. Hence  the  inner  and  posterior  bevelled  articular  surface, 
which  becomes  very  thin  behind,  is  related  to  union  with  the  parietal 
bone.  The  posterior  portion  is  oblique,  and  makes  an  angle  of  45° 
with  the  interior  portion,  which  is  straight  and  parallel  to  the 
orbital  margin.  Three  scutes  are  crossed  by  the  parietal  suture, 
which,  indeed,  is  the  case  in  the  skull  of  the  Common  Turtle.  In 
front  of  the  parietal  suture,  commencing  with  the  most  anterior 
inner  scute,  is  a  distinct  suture,  which  prolongs  the  line  of  the 
parietal,  and  therefore  gave  attachment  to  the  frontal.  The  portion 
of  the  rignt  postfrontal  bone  includes  four  scutes  and  a  fragment 
of  the  inner  part  of  the  postorbital  ridge,  extending  as  far  forward 
as  the  termination  of  the  parietal  suture. 

Costal  Plates. 

Dr.  Biinzel  figured  a  remarkable  specimen,  which  he  regarded  as 
the  left  ilium  of  an  animal  named  Danubiosaurus  anceps,  the  sup- 

posed rib  of  which  proved  to  be  a  Dinosaurian  scapula.  I  find  a 
second  specimen  of  this  supposed  ilium,  less  perfect,  but  similar  in 
character,  evidently  coming  from  the  opposite  side  of  the  body.  For 
reasons  to  be  mentioned,  I  have  no  hesitation  in  interpreting  these 
specimens  as  ribs  to  which  dermal  plates  are  ankylosed.  But  there 
is  something  very  different  here  from  what  is  observed  in  ordinary 
Chelonians  ;  and  though  I  have  no  doubt  that  we  have  to  do  with 
a  pair  of  Chelonian  costal  plates,  the  type  indicated  by  these  re- 

mains is  new.  It  would,  indeed,  have  been  less  startling  to  refer  the 
specimens  to  any  part  of  the  skeleton  of  a  Dinosaur  or  lizard  than 
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to  the  Cholonia;  for  these  fossils,  if  rightly  interpreted,  indicate  an 
animal  with  a  relatively  larger  vertebral  column  than  any  Chelonians 
now  known,  or  at  least  with  a  vertebral  column  constructed  ivpon  a 
different  plan.  The  ribs  were  wide,  as  in  the  marine  Chelonia,  and 
extended  distally  far  beyond  the  limits  of  the  plates  which  covered 
them.  The  superimposed  plate  is  developed  chiefly  behind  the  rib; 
its  anterior  margin  is  smooth  and  rounded ;  the  posterior  margin  is 
not  preserved,  but  obviously  became  thin.  The  free  articular  end 
of  the  rib  was  massive  ;  and  the  superimposed  plate  extended  beyond 
it  proximaliy  for  an  unusual  distance,  indicating  great  width  for  the 
intervening  vertebra.  This  portion  of  the  dermal  plate,  which  extends 
mesially  beyond  the  rib,  has  the  external  surface  well  preserved,  but 
wants  the  smooth  ossified  internal  surface  ;  and  as  this  is  absent  in 
both  specimens,  it  is  possible  that  in  the  living  animal  this  internal 
part  of  the  plate  may  have  been  cartilaginous  or  united  to  other 
bones.  Neither  of  the  specimens  gives  the  slightest  indication  either 
of  external  scutes  or  ornament,  or  of  union  to  adjacent  bones;  and 
the  external  surface  is  such  as  would  suggest  that  the  bones  were 
probably  contained,  if  not  beneath  a  muscular  covering,  at  least 
beneath  a  skin  which  had  not  become  specialized  ;  so  that  we  have 
here  an  animal  that  in  some  respects  recalls  the  Protostega  of  Prof. 
Cope,  but  differs  essentially  in  the  dermal  plates  being  blended 
with  the  ribs.  An  allied  but  undescribed  type  from  the  Cambridge 
Greensand  also  has  the  costal  plates  separate  from  each  other,  but 
differs  in  having  them  marked  with  scutes. 

A  short  description  of  each  of  these  specimens  appears  neces- 
sary. First,  the  less  perfect  of  the  two  (PI.  XXX.  fig.  15) 

shows  a  smooth  external  surface  gently  convex  in  length  and 
somewhat  convex  from  side  to  side.  It  consists  of  a  thick  dense 
dermal  plate  superimposed  upon  a  rib,  this  plate  probably  being 
a  representative  of  the  supracostal  cartilages  and  ossifications 
found  in  birds,  crocodiles,  and  Batteria.  Immediately  above  the 
articular  expansion  of  the  rib,  at  the  proximal  end,  the  plate  is  a 
centimetre  thick,  and  is  defined  by  the  density  of  its  texture  from 
the  osseous  matter  of  the  rib  beneath.  This  bone  on  the  interior 

surface  is  much  eroded,  but  presumably  extended  much  further  to- 
wards the  median  line  of  the  animal's  body,  since  the  dermal  plate 

is  prolonged  with  a  rough  under  surface,  due  to  this  bone  having 
adhered  to  the  bone  with  which  it  is  blended;  and  as  the  plate  is 
prolonged  mesially,  its  thickness  becomes  reduced  to  one  half,  though 
the  fractured  specimen  is  imperfect  at  its  margin.  The  transverse 
width  of  the  plate,  as  preserved  above  the  expanded  head  of  the  rib, 
is  about  9|  centim.  About  9  centim.  further  away  from  the 
middle  line  of  the  animal,  a  length  of  about  4  or  5  centim.  of  the 
margin  of  the  plate  is  rounded ;  and  here  its  union  with  the  thin 
underlapping,  transversely  expanded  margin  of  the  rib  is  distinctly 
seen.  On  the  opposite  or  posterior  margin  there  are  some  faint 
indications  of  a  lateral  rounding  of  the  margin  of  the  dermal  plate. 
At  18  centim.  from  the  proximal  end  of  the  rib  the  dermal  plate 
comes  to  an  end,  being  broken  away,  and  .allows  the  rib  to  project 
freely  from  under  it,  showing,  I  think,  that  although  there  was 
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bony  union  between  these  two  parts  of  the  skeleton,  it  was  a  union 

established  somewhat  late  in  the  animal's  life.  At  this  point  the 
bony  plate  is  somewhat  thinner  than  at  its  proximal  fracture ;  the 
plate  tapers  apparently  outwards,  and  is  somewhat  broken  away 
from  the  anterior  proximal  margin  of  the  rib.  The  plate  is  hence, 
as  preserved,  of  a  lanceolate  form ;  but  its  outline  cannot  be  accu- 

rately stated. 
The  rib  in  this  specimen  differs  from  the  ribs  attached  to  the 

costal  plates  of  living  Chelonians  in  being  coextensive  with  the  plate 
— that  is,  as  wide  as  the  plate,  and,  as  shown  by  the  other  specimen, 
as  long ;  hence  its  limits  are  not  defined  distinctly  in  any  part  of 
its  extent,  least  so  in  the  proximal  part  of  the  bone,  where  the  sur- 

face is  convex  from  side  to  side.  This  convexity  becomes  narrower 
and  relatively  more  elevated  as  the  bone  proceeds  outward,  and  is 
confined  to  its  anterior  border ;  where  the  rib  terminates  it  is  over 
3  centim.  wide,  over  1  centim.  thick,  and,  though  compressed  on 
the  anterior  border,  is  more  compressed  on  the  posterior  border. 
The  thickness  of  the  combined  rib  and  plate  is  about  2^  centim. ; 
but  even  as  preserved,  the  thickness  at  the  fractured  articular  end  is 
7  centim.  The  underpart  of  the  bone,  which  is  slightly  displaced  by 
a  fracture  consequent  upon  a  minute  dislocation,  is  convexly  rounded 
from  side  to  side,  and  concave  from  within  outwards,  so  as  to  pre- 

sent a  saddle-shape.  The  transverse  width  of  the  fragment  pre- 
served is  about  6 1  centim.  The  anterior  border  is  notched,  as 

though  for  the  passage  of  an  intervertebral  nerve,  or  from  the  head 
of  the  rib  being  free,  as  in  ordinary  Chelonia,  though  the  conforma- 

tion would  rather  suggest  the  former  interpretation.  There  is  one 
curious  character  in  evidence  that  the  expanded  lateral  part  of  the 
rib  extended  further  towards  the  middle  line  than  the  articular 
head,  showing  that  the  ribs  had  attained  an  unusual  transverse  de- 

velopment consequent  upon  the  expansion  of  the  superimposed 
plates.  The  transverse  width  of  the  head  of  the  rib  is  4  centim. ; 
and  here  the  fracture  gives  it  an  almost  semicircular  outline. 

The  second  specimen,  already  figured  by  Biinzel,  pi.  vi.  figs.  4,5,  has 
a  length,  as  preserved,  of  48  centim. ;  of  this  39  centim.  is  occupied 
by  the  blended  rib  and  its  superimposed  dermal  plate,  the  remaining 
9  centim.  consists  of  the  extension  of  the  plate  alone  beyond  the  head 
of  the  rib  towards  the  middle  line  of  the  body.  The  plate,  where  it  is 
presumed  to  have  extended  over  the  vertebra,  is  thin,  and  becomes 
thinner  the  further  it  extends,  both  mesially  and  laterally.  Its  mar- 

gins are  imperfectly  preserved,  but  have  a  wedge-shape.  The  costal 
region  wants  a  small  portion  in  the  middle  of  the  plate  in  front ; 
but  throughout  it  has  the  anterior  margin  preserved  rounded  from 
below  upwards,  and  roughened  in  the  proximal  half,  as  though  with 
ligamentous  attachment  to  the  adjacent  plate.  On  the  upper  surface 
these  lines  at  first  run  in  a  transverse  direction,  and  then  run  for- 

wards and  inwards,  just  as  on  the  under  side  they  run  downward 
and  outward.  This  oblique  direction  is  strongly  suggestive  of  the 
oblique  crossing  of  ordinary  intercostal  muscles.  In  length  the 
anterior  margin  of  the  bone  is  gently  concave.    The  posterior  margin 
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is,  unfortunately,  not  preserved ;  and  the  plate  is  remarkably  con- 
vex from  before  backwards  above,  though  this  convexity  is  more 

marked  on  what  I  take  to  be  the  posterior  side  than  on  the  anterior 
side.  The  extreme  width  of  the  plate  below  the  articular  head  of 
the  rib  is  about  13J  centim. ;  and  it  gradually  tapers  as  it  extends 
outwards.  Distally  the  thickness  of  plate  and  rib  diminish ;  and  at 
the  extreme  distal  end,  where  the  transverse  measurement,  as  pre- 

served, is  under  3  centim.,  the  thickness  of  the  combined  plate  and 
rib  is  less  than  a  centimetre.  The  posterior  half  of  the  plate,  while 
smoother  externally  than  the  anterior  half,  is  marked  with  several 
short,  parallel,  straight,  vascular  grooves,  which  are  very  narrow ; 
each  is  about  2  centim.  long.  This  condition  leads  me  to  suspect 
that  the  anterior  part  of  the  rib  may  have  been  imbedded  in  muscle, 
while,  owing  to  its  curvature,  the  middle  of  the  plate  may  have  had 
only  a  dermal  covering. 

The  interior  or  under  side  of  the  specimen  has  the  expanded  head 
of  the  rib  broken  away  ;  and  while  it  was  placed  in  the  middle  of 
the  width  of  the  plate  as  in  the  other  specimen,  the  rib  soon  be- 

comes developed  on  the  anterior  border,  being  limited  by  a  concavity 
which  runs  down  the  length  of  the  bone,  dying  away  with  the  ele- 

vation of  the  rib  at  the  distal  end.  This  principal  part  of  the  rib 
becomes  narrower  as  it  extends  further  outward ;  but  the  fractured 
condition  of  the  posterior  margin  appears  to  indicate  that  the  margin 
of  the  rib  was  prolonged  as  a  thin  film  towards  the  adjacent  plate. 

No  similar  remains  which  are  referable  to  an  animal  of  this  kind 
have  been  discovered. 

Scapula  of  large  Chelonian. 

The  fragment  which  I  identify  as  a  portion  of  a  right  Chelonian 
scapula,  indicates  an  animal  of  somewhat  large  size.  It  shows  no 
trace  either  of  the  prascoracoid  or  the  articular  end  of  the  bone,  which 
had  decomposed  prior  to  fossilization,  or  of  the  distal  end ;  so  that  it 
is  not  a  fragment  giving  valuable  information  concerning  the  affini- 

ties of  the  animal.  The  fragment  is  9  centim.  long,  4  centim. 
wide  at  the  proximal  end,  as  preserved,  and  2  centim.  wide  at  the 
distal  end.  The  surface  which  I  take  to  be  posterior  is  smooth, 
convex  from  side  to  side,  but  more  flattened  at  the  distal  end  than 
at  the  wider  proximal  end.  In  length  the  surface  is  almost  straight. 
The  internal  margin  is  concave  and  sharp,  and  looks  as  though  it 
might  have  been  produced  into  a  prsecoracoid.  The  external  margin 
is  slightly  convex,  except  towards  the  proximal  end,  where  it  is 
modified,  owing  to  the  bone  bending  outwards  and  downwards,  as 
though  for  the  formation  of  the  articular  surface.  The  anterior 
aspect  of  the  bone  is  much  rougher ;  and  there  is  a  ridge  which 
becomes  stronger  towards  the  proximal  end,  thickening  the  bone 
on  its  outer  part,  and  making  it  concave  in  length,  and  dividing  the 
anterior  aspect  into  a  broad,  flattened,  inner  area  and  a  narrower 
external  area.  The  thickness  of  the  bone  towards  the  proximal  end, 
where  fractured,  is  2  centim.,  and  the  thickness  towards  the  distal 
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fracture  13  inillim.  This  is  not  an  identification  in  which  I  feel 
absolute  confidence,  on  account  of  the  smoothness  of  one  side  of  the 
hone  and  the  roughness  of  the  other,  which  T  had  not  noticed  in  any 
Chelonian  scapula. 

Emys  Neemayei,  Seeley. 

There  occur  many  remains  of  several  Chelonians  of  moderate  size. 
1  only  brought  to  this  country  a  selection  of  some  of  the  more  cha- 

racteristic fragments,  which  all  belong  to  the  carapace  and  plastron. 
It  does  not  seem  to  me  desirable  to  determine  the  genera  from  these 
specimens  ;  but  from  their  general  character  rather  than  from  any 
distinctive  characteristics,  I  regard  them  as  being  Emydian.  The 
specimens  are  as  imperfect  as  any  of  the  other  reptile  remains,  and, 
as  they  do  not  differ  much  in  size  or  character,  are  difficult  to  deal 
with.  There  are,  however,  certain  differences  of  texture  and  form 
which  justify  me  in  indicating  the  existence  of  several  species. 
These  are  all  referred  provisionally  to  the  genus  Emys,  pending 
better  evidence  of  their  generic  characters.  The  species  are  best 
distinguished  by  the  characters  of  the  plastron ;  for  the  hyo-  and  hypo- 
plastral  bones  preserved  may  indicate,  even  in  their  fragmentary 
condition,  four  species.  The  bulk  of  the  remains  I  refer  to  the 
largest  species,  which  was  fully  25  centim.  across  the  carapace. 
This  species  is  marked  by  the  depth  of  the  grooves  which  define  the 
areas  of  the  scutes,  and  frequently  by  their  elevat  ed  borders.  Another 
marked  feature  is  the  exceedingly  fine  subgranular  condition  of  the 
bone  on  its  external  surface — a  character  difficult  to  define,  but 
altogether  peculiar.  Of  this  species  the  plastron  is  represented  by 
portions  of  the  hyoplastral  and  hypoplastral  bones,  though  from  their 
fragmentary  condition,  it  is  not  always  easy  to  distinguish  between 
these.  One  fragment  (PI.  XXX.  fig.  16)  is  only  7|  centim.  broad  and 
5|  centim.  long ;  it  does  not  show  a  single  sutural  surface,  but  exhibits 
the  axillary  region  crossed  in  its  lower  part  by  an  oblique  scutal  im- 

pression which  runs  forwards  and  a  little  inwards  till  it  reaches  the 
inner  margin  of  the  prseaxillary  scute,  which  is  prolonged  forwards 
on  the  superior  edge  as  a  strongly  marked  groove.  The  usual  trans- 

verse scutal  impression  on  the  basal  part  of  the  hyoplastral  plate 
runs  a  little  in  advance  of  the  axilla,  and,  as  it  nears  the  lateral 
margin,  is  directed  angularly  forwards  in  the  last  centimetre  of  its 
length.  This  scutal  impression  is  strongly  elevated ;  the  ascending 
axillary  process  was  compressed  and  directed  obliquely  upwards, 
forwards,  and  apparently  a  little  outwards.  The  thickness  of  the 
plate  varies  from  |  centim.  in  the  inner  part  to  1  centim  in  front  of 
the  axillary  notch. 

A  second  specimen,  showing  the  anterior  part  of  a  similar  right 
hyoplastral  plate,  may,  perhaps,  belong  to  the  same  species  though 
to  another  individual :  the  thickness  of  the  scute  is  the  same ;  the 
elevated  ridge  at  the  scutal  suture  is  the  same ;  though  fractured  in 
front,  it  measures  upwards  of  4^  centim.  anterior  to  the  trans- 

verse suture.    The  lateral  margin  of  the  plate  is  sharp,  being  be- 
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veiled  above,  with  the  bevelled  area  also  denned  internally  by  a 
sharp  ridge,  interior  to  which  runs  a  slightly  impressed  broad  prolon- 

gation of  the  supraaxillary  impression.  In  the  carapace  no  neural 
plate  is  preserved.  The  first  costal  plate  (PI.  XXXI.  fig.  13)  on  the  left 
side  is  nearly  perfect ;  it  is  slightly  arched,  rather  less  than  10  centim. 
long,  and  more  than  3^  centim.  wide  at  the  lateral  impression  of  the 
first  vertebral  scute.  It  shows  the  oblique  sutural  surface  for  the 
nuchal  plate,  which  has  a  concave  border  about  3^  centim.  long ;  the 
width  of  the  union  with  the  first  neural  plate  is  2\  centim.,  but  was 
probably  more,  as  the  posterior  border  of  the  scute  is  imperfect. 
The  rib  is  not  visibly  distinct  from  the  plate  upon  which  it  is  sup- 

ported, as  it  is  in  some  species  of  Testudo ;  it  has  a  well- elevated 
compressed  head,  7  millim.  deep  and  4  millim.  wide ;  it  is  placed 
obliquely,  so  as  to  look  forward  and  outward.  In  the  middle  of 
the  plate  the  rib  has  become  so  depressed  as  to  be  only  just  recog- 

nizable ;  it  is  there  1  centim.  wide  ;  but  at  the  outer  part  of  the 
plate  its  extremity  is  prolonged  beyond  the  plate,  to  unite  appa- 

rently with  the  marginal  plate.  Anterior  to  it,  on  the  under 
side,  the  plate  is  excavated  (PI.  XXVII.  fig.  27),  and  the  side 
of  the  rib  roughly  striated,  owing  to  attachment  of  the  supra- 
axillary  process  from  the  hyoplastron.  This  excavation  extends 
inwards  from  the  extremity  of  the  rib  for  4j  centim.  A  fragment 
of  the  right  plate  shows  its  depth  where  it  joins  the  first  neural 
plate  to  be  3|  centim.,  and  the  greatest  depth  of  the  bone  to  be 
about  4  centim.  There  are  several  fragments  of  costal  plates ;  but 

they  can  only  be  identified  by  the  scutal  markings.  "What  appears to  be  a  third  costal  plate  of  the  left  side  is  impressed  with  the  trans- 
verse border  dividing  the  second  and  third  vertebral  scutes  for  a 

length  of  3|  centim. ;  and  since  at  this  point  the  antero-posterior 
measurement  of  the  plate  is  only  3  centim.,  it  shows  that  the  ver- 

tebral scutes  were  extremely  broad  relatively  to  their  length,  since 
the  length  could  not  have  exceeded  6  centim.,  while  the  breadth 
could  hardly  have  been  less  than  10  centim.  The  plate  is  arched, 
showing  that  the  carapace  was  as  much  elevated  as  in  a  testudinate 
Chelonian.  Its  extreme  length,  without  reckoning  the  curve,  is 
upwards  of  11  centim. ;  following  the  curve,  the  length  is  nearly 
13  centim.  The  breadth  of  the  plate,  towards  the  outer  margin, 
is  about  3^  centim.  Its  thickness  at  the  proximal  part  is  4  millim., 
and  at  the  distal  end  3  millim.  On  the  under  side  the  head  of  the 
rib  is  moderately  elevated;  but  its  course  down  the  plate  is  only  just 
perceptible,  and  marked  by  a  smoother  condition.  It  does  not  ap- 

pear to  have  been  prolonged  at  the  distal  margin.  A  plate  from 
the  hinder  part  of  the  carapace,  which  is  imperfect,  also  shows  the 
arched  character  strikingly.  It  is  remarkable  for  its  antero-posterior 
extent  of  nearly  3|  centim.,  and  appears  to  be  the  last  costal  plate. 
If  so,  it  is  impressed  on  its  outer  part  with  a  vertebral  scute.  Hence 
I  infer  this  animal  to  have  had  a  nearly  circular  outline,  and  to 
have  had  the  shield  greatly  elevated.  It  may  be  distinguished  as 
Emys  Neumayri. 
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Other  Species  of  Emys. 

Another  species,  represented  by  the  remains  of  more  than  one 
example,  is,  however,  known  chiefly  from  the  hypoplastral  plates. 
It  appears  to  have  been  a  smaller  species  than  the  last,  though  it  is 
not  easy  to  estimate  its  size  from  the  distance  between  the  axilla?, 
or  from  the  breadth  of  the  abdominal  scutes.  The  hypoplas- 
tron  shows  some  indication  of  the  median  and  anterior  sutural 
margins,  which  would  indicate  a  broad  species,  after  the  pattern  of 
the  foregoing.  The  length  of  the  fragment  is  6|  centim.,  and  its 
breadth  about  6  centim.    The  transverse  scutal  impression  is  from 

to  3  centim.  behind  the  anterior  suture.  The  bone  is  compressed 
to  a  sharp  margin,  which  is  prolonged  as  an  elevated  ridge  for  about 
1  centim.  beyond  the  inguinal  notch.  The  margin  is  nearly  straight. 
I  regard  this  ridge  as  indicative  of  a  well-marked  species. 

A  third  species  is  distinguished  by  the  way  in  which  the  axillary 
and  inguinal  processes  are  obliquely  overlapped.  A  fourth  species, 
of  small  size,  is  represented  by  many  parts  of  the  carapace  and 
plastron. 

Ar^osatjrtts  gracilis,  Seeley. 

Vertebra. 

The  vertebra  of  a  lizard,  figured  by  Biinzel,  pi.  vi.  fig.  11,  is  very 
imperfect,  and  so  badly  drawn  as  to  give  no  just  idea  of  its  cha- 

racters. It  is  remarkable  for  the  perfectly  globular  form  of  the 
posterior  articular  ball,  which  is  nearly  6  millim.  in  transverse 
measurement,  and  nearly  5  in  vertical  measurement.  It  is  margined 
by  an  impressed  groove,  which  extends  further  forward  on  the 
neural  margin  than  on  the  visceral  margin.  The  length  of  the  cen- 

trum in  the  middle  line  is  13  millim.  What  remains  of  the  an- 
terior cup  is  deeply  excavated  to  correspond  with  the  articular 

ball,  with  a  sharp  margin  conspicuous  on  the  inferior  border.  The 
inferior  interarticular  surface  of  the  centrum  is  1  centim.  long ;  on 
its  base  run  two  parallel  blunt  ridges,  divided  by  a  median  groove ; 
external  to  these  ridges  are  two  oblique  impressed  concave  lateral 
areas,  which  are  broad  in  front  and  narrow  behind,  margined 
superiorly  by  an  oblique  rounded  ridge,  which  ascends  from  the 
upper  margin  of  the  articular  ball  towards  the  middle  of  the  arti- 

culation for  the  rib  on  the  anterior  part  of  the  vertebra.  This  arti- 
culation for  the  rib  is  a  strong  process,  extending  laterally  further 

than  the  width  of  the  articular  cup  of  the  centrum,  is  concave  from 
above  downwards  in  front,  looking  obliquely  downward  and  out- 

ward, long  and  narrow,  rounded  from  fore  to  back,  and  most 
elevated  proximally.  It  carries  superiorly  the  prsezygapophysis, 
which  was  a  large  oval  surface,  looking  upwards  and  a  little  inwards, 
placed  just  above  the  articulation  for  the  rib,  and  considerably  above 
the  intervertebral  articulation.  The  zygapophysis  is  only  preserved 
on  the  left  side,  the  portion  which  had  existed  on  the  right  side 
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having  disappeared  before  the  bone  came  into  my  possession.  It  is 
impossible  from  this  slender  evidence  to  determine  the  affinities  of 
this  animal. 

Orxithocheirf/s  Bttnzeli,  Seeley. 

The  remains  of  Ornithosanrians  are  unsatisfactory,  being,  for  the 
most  part,  either  small  portions  of  shafts  of  bones,  or  else  bones 
which  have  been  greatly  crushed.  The  fragments  of  phalangeal 
bones  throw  no  light  on  the  structure  of  the  animals  to  which  they 
belong,  and  give  no  clue  to  specific  characters.  The  bone-tissue,  how- 

ever, is  somewhat  thicker  than  in  English  specimens ;  and! have  no 
doubt  the  fragments  belong  to  a  peculiar  species.  There  is  an  in- 

teresting crushed  proximal  end  of  a  humerus,  showing  the  form  of 
the  head,  the  immense  radial  crest,  and  the  ulnar  expansion  of  the 
bone  at  the  humeral  articulation :  and  this,  with  some  other  frag- 

ments, characterized  by  thin  texture  of  the  bone,  may,  perhaps, 
indicate  a  second  species.  But  although  of  great  local  interest  as 
demonstrating  the  presence  of  these  animals  in  a  period  of  time 
in  which  they  were  so  plentiful  in  England,  these  fragments  are 
of  no  importance  to  the  anatomist.  The  only  specimen  of  import- 

ance is  the  articular  end  of  the  lower  jaw,  already  described  by 
Biinzel  (pL  vi.  figs.  6,  7).  This  bone  is  obliquely  fractured  just 
in  front  of  the  articular  end,  and  shows  the  articular  surface 
and  the  characteristic  keel  beyond  it.  The  length  of  the  fragment 
is  31  millim.  The  bone  is  compressed  from  side  to  side ;  and  the 
sides  converge  downward  into  a  narrow  rounded  ridge.  The  ex- 

ternal surface  is  flattened  like  the  internal  surface,  which  latter 
shows  a  suture  with  very  irregular  margin,  nearly  parallel  to  the 
base,  and  near  to  it,  indicating  that  the  articular  bone  was  re- 

ceived into  the  angular  bone.  The  area  in  front  of  the  articula- 
tion contracts  from  side  to  side,  and  is  rounded ;  but  on  the  inner 

margin  there  is  a  large  pit  partly  fractured  through,  indicating  a 
pneumatic  foramen.  The  articular  surface  is  transversely  ovate  in 
area,  with  a  median  ridge  running  obliquely  backwards  and  outwards 
from  the  hind  margin  of  this  foramen.  This  divides  the  articular 
surface  into  a  triangular  concave  area  in  front  and  towards  the 
outer  side,  and  a  posterior  groove  which  is  best  developed  towards 
the  inner  side  of  the  jaw.  This  articulation  perceptibly  widens  the 
bone  at  each  side.  Its  width  is  13  millim.,  its  length  8  millim. 
Behind  the  articulation  there  is  no  defining  border,  like  the  sharp 
elevated  ridge  in  front,  but  the  surface  is  flattened,  with  the  sides 
slightly  converging  till  they  terminate  in  the  rounded  extremity. 
This  posterior  area  is  directed  obliquely  downwards  to  the  base  of 
the  bone.  The  inner  half  of  its  surface  consists  of  a  pneumatic 
foramen,  which  is  13  millim.  long,  and  reaches  forwards  to  the 
posterior  articular  groove.  This  jaw  seems  to  be  well  distinguished 
from  the  species  already  described. 



702 PROF.  H.  Gr.  SEELEY  ON  THE  REPTILE 

Conclusion. 

Erom  this  survey  it  appears  that  Dinosaurs  were  well  represented 
in  the  Gosau  beds.  Most  of  the  remains  belong  to  two  species  of  a 
quadrupedal  carnivorous  genus  Cratceomus,  which  in  many  respects 
resembles  Scelidosaurus.  It  is  just  possible  that  Struthiosaurus 
may  prove  to  be  the  same  genus,  or  may  have  possessed  the  teeth 
referred  to  Cratceomus.  The  genera  Hoplosaurus,  Oligosaurus,  Rha- 
dinosaurus,  and  OrnitJiomerus  are  only  known  from  a  few  bones 
each  ;  Megcdosaurus  merely  from  teeth.  It  is  just  within  the  limits 
of  possibility  that  Doratodon  may  prove  to  be  the  jaw  of  Rhadino- 
saurus ;  but  it  is  not  likely  to  belong  to  the  Crocodile,  because  true 
Crocodilian  teeth  occur.  Hence  there  are  certainly,  with  the  Moch- 
lodon,  seven  Dinosaurian  genera,  while  there  may  be  as  many  as  ten 
genera.  Of  Crocodiles,  Lizards,  and  Pterodactyles  there  are  certainly 
at  least  one  each.  The  Chelonians  are  represented  by  two  genera 
and  five  species,  two  only  of  which  are  described.  Thus  the  Gosau 
fauna  includes  in  all  fourteen  genera  and  eighteen  species  of  reptiles ; 
and  there  is  every  reason  to  suppose  that  these  formed  but  a  part  of 
the  Reptilia  living  when  the  deposits  were  formed. 

I  can  scarcely  hope  that  my  efforts  have  been  in  every  case  suc- 
cessful in  determining  the  species  to  which  these  disjointed  and 

often  fragmentary  bones  should  be  referred ;  but  I  have  throughout 
worked  on  the  basis  of  anatomical  structure,  and  indicated  only 
such  species  and  genera  as  the  organization  of  the  animals  made 
inevitable. 

I  have  now  only  to  express  my  gratitude  to  Professor  Suess  for 
his  kindness  in  allowing  me  to  study  this  collection  and  retain  the 
specimens  so  long  in  this  country ;  and  I  would  also  express  my 
thanks  to  Prof.  Ramsay  for  permission  to  figure  the  skull  of  Acan- 
thojoholis ;  and  to  the  Council  of  the  Eoyal  Society  for  assistance  in 
carrying  on  this  research. 

APPENDIX. 

Note  on  the  Gosatj  Beds  of  the  Neue  Welt,  West  of  Wiener 
Neustadt.    By  Prof.  Edward  Suess,  E.M.G.S. 

The  Gosau  beds  have  been  deposited  in  preexisting  valleys  of  the 
Triassic  and  Rhsetic  portion  of  our  North-eastern  Alps,  and  have 
suffered  so  much  subsequent  folding  and  dislocation  that  in  the 

valley  of  the  "  Neue  Welt,"  the  spot  where  the  bones  were  gathered 
which  I  sent  to  you,  several  shafts  pass  twice  through  one  and  the 
same  seam  of  coal.  The  Gosau  beds  usually  form  green  slopes  at 
the  foot  of  the  great  mural  precipices  of  Triassic  and  Rhsetic  limestone. 
In  the  Gosau  valley,  near  Halstatt,  exposures  are  offered  by  a  series 
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of  ravines  ;  in  the  "  Nene  Welt 99  (south  of  Yienna,  west  of  Wiener 
Neustadt)  a  number  of  coal-mines  give  the  opportunity  of  following 
the  succession  of  beds,  although  they  are  highly  disturbed  here  ;  and 
I  believe  that  the  succession  is  not  very  different  in  the  two  valleys, 
notwithstanding  their  distance  apart. 

The  base  of  the  Gosau  beds  is  formed  by  a  calcareous  breccia  of 
variable  thickness,  evidently  the  consolidated  debris  of  the  surround- 

ing mountains. 
Then  follows  a  series  of  freshwater  beds,  sandstones,  marls  and  a 

few  seams  of  coal,  accompanied  by  freshwater  Mollusca  such  as  Mela- 
nopsis,  Dejanira,  Boysia,  Tanalia,  Cyclas,  and  Unio,  and  the  remains 
of  a  highly  heterogeneous  flora,  comprising  a  true  Palm,  together 
with  Pecopteris  Zippi,  Microzamia,  Cunninghan  cites,  and  leaves  of  a 
dicotyledonous  tree  resembling  Magnolia,  &c,  evidently  the  ming- 

ling of  the  younger  dicotyledonous  type  with  a  number  of  survi- 
ving older  types.  It  is  this  horizon  which  has  yielded  the  reptilian 

bones. 
Deposits  of  a  brackish  character,  with  Cerithium,  OmpTialia,  and 

Actceonella,  begin  to  appear  above  the  freshwater  beds,  sometimes 
apparently  intercalated  with  them  and  accompanied  by  gravel 
beds  and  conglomerate,  sometimes  also  by  the  first  true  marine 
strata,  usually  characterized  by  Hippurites  organisans  and  Nerincea 
bicincta. 

The  next  group  is  formed  by  a  loose  marly  limestone  or  a  cal- 
careous marl  crammed  with  reef-building  corals  and  with  masses  of 

Hippurites  cornu-vaccinum,  Hipp,  sulcatus,  Gaprina  Aguilloni, 
Sphcerulites  organisans,  and  a  good  number  of  highly  ornamented 
Gasteropoda.  This  is  the  true  French  Turonian  zone  of  Hippurites 
cornu-vaccinum. 

This  zone  is  succeeded  by  a  series  of  loose  grey  and  marly  sand- 
stones, likewise  very  fossiliferous.  The  reef-building  corals  and 

Rudistse  have  disappeared  or  are  very  rare,  corals  being  represented 
by  a  few  species  of  Gyclolites,  by  Diploclienium  lunatum  and  especially 
by  Trochosmilia  complanata.  Here  the  first  Ammonites  appear. 
Natica  bulbiformis,  Cardium  productum,  Protocardia  Hillana, 
Trigonia  limbata,  and  Janira  quadricostata  are  some  of  the  most 
characteristic  fossils. 

In  some  places  rose-coloured  limestone  beds  with  Orbitoides  and 
the  remains  of  a  small  Decapod  are  seen,  which  seem  to  succeed 
directly  to  this  zone,  which  I  have  sometimes  named  the  zone  of 
Trochosmilia  complanata. 

The  last  and  highest  member  of  the  Gosau  beds  is  a  series  of 
sandy  loose  sandstone  beds,  containing  no  fossil  except  great 
numbers  of  Inoceramus  Grispii. 

I  cannot,  therefore,  say  positively  that  the  age  of  the  reptiles 
which  you  have  had  the  kindness  to  study  is  quite  exactly  that  of 
your  Cambridge  phosphate-beds  ;  but  it  is  certain  that  they  are  older 
than  the  true  Turonian  deposits,  and  especially  older  than  the  zone 
of  Hippurites  cornu-vaccinum. 
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EXPLANATION  OF  PLATES  XXVIL-XXXL 
(All  the  figures  are  of  the  natural  size,  unless  an  enlargement  is  mentioned.) 

Plate  XXVII. 

Fig.  1.  Dentary  bone  of  right  ramus  of  lower  jaw  of  Mochlodon  Suessii  (Biinzel) 
seen  from  above,  showing  tooth-sockets,  symphysial  curvature,  and 
ascending  coronoid  process. 

2.  Separate  tooth  of  Mochlodon  Suessii  from  the  lower  jaw,  showing  the 
internal  aspect ;  enlarged  twice. 

3.  Tooth  referred  to  the  upper  jaw  of  Mochlodon  Suessii,  showing  the 
ribbed  external  face  of  the  crown;  enlarged  twice. 

4.  Side  view  of  the  same  tooth,  showing  the  worn  internal  edge  of  the 
crown  and  curved  fang. 

5.  Left  side  of  hinder  portion  of  skull  of  Struthiosaurus  austriacus  (drawn 
reversed  for  comparison  with  fig.  7),  showing  downward  direction  of 
occipital  condyle,  foramina  at  base  of  skull,  plate  in  front  of  the  sella 
turcica,  transverse  groove  on  roof  of  skull,  &c. 

6.  The  same  skull  seen  from  the  front,  showing  the  parietofrontal  suture, 
form  of  the  parietal  bone,  cerebral  cavity,  form  of  the  basisphenoid 
and  sella  turcica,  &c. 

7.  Right  side  of  hinder  part  of  "base  of  skull  of  Acanthopkolis  horridus, Huxley,  showing  the  united  basioccipital  and  basisphenoid  bones, 
with  the  line  of  large  nerve-foramina.  (Original  in  Museum  of 
Practical  Geology.) 

8.  Anterior  aspect  of  same  specimen,  showing  posterior  plate  of  sella  turcica. 
9.  Dentary  bone  of  right  ramus  of  lower  jaw  referred  to  Cratcsomus.  The 

specimen  is  seen  from  above,  and  shows  tooth-sockets  along  the  alve- 
olar margin. 

10.  External  aspect  of  same  specimen,  showing  the  large  foramina  below  the 
alveolar  margin  and  above  the  longitudinal  angle. 

11.  Tooth  referred  to  Crataomus,  probably  from  the  lower  jaw,  showiug 
cinguloid  ridge  at  the  base  of  the  crown ;  enlarged  twice. 

12.  Similar  tooth,  less  worn,  showing  serrations  on  the  right  margin;  en- 
larged twice. 

13.  Tooth  referred  to  the  upper  jaw  of  Cratcsomus,  showing  bevelled  edges, 
probably  due  to  wear ;  enlarged  twice. 

14.  External  aspect  of  same  specimen  ;  enlarged  twice. 
15.  Tooth  probably  of  the  larger  species  of  Cratcsomus. 
16.  Anterior  aspect  of  same  tooth,  showing  cinguloid  thickening  on  both 

sides  of  the  crown  ;  enlarged  twice. 
17.  Dorsal  rib  from  the  right  side,  referred  to  Cratcsomus  lepidophorus, 

showing  articular  surfaces. 
18.  Transverse  section  from  the  proximal  third  of  the  same  rib,  showing 

transverse  expansion  of  the  superior  plate  and  lateral  compression  of 
the  body  of  the  rib. 

19.  Middle  of  shaft  of  left  tibia  referred  to  Cratcsomics  lepidophorus,  showing 
muscular  ridges  on  the  fibular  aspect  and  commencement  of  proximal 
expansion. 

20.  Proximal  portion  of  right  fibula  of  Cratceomus,  showing  convex  tibial 
aspect. 

21.  Tooth  referred  to  MegaUsaurus  pannoniensis ;  one  and  a  half  times 
natural  size.  [The  serrations  are  not  directed  upward  so  much  as  in 
the  figure.] 

22.  Anterior  aspect  of  the  same  tooth,  showing  limit  of  the  serrations. 
23.  Transverse  section  of  base  of  same  tooth,  showing  posterior  compression. 
24.  Tooth  of  a  Crocodile,  with  slight  lateral  ridges  and  worn  crown ;  en- 

larged twice. 
25.  A  smaller  more  compressed  and  curved  Crocodilian  tooth,  showing  one 

of  the  lateral  ridges  ;  enlarged  twice. 
26.  Claw  phalange,  probably  of  Bhadinosaurus. 
27.  Internal  surface  of  first  left  costal  plate  of  Emys  Neumayri. 
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Plate  XXVIII. 

Fig.  1.  Proximal  portion  of  left  scapula,  showing  humeral  articulation,  pro- 
bably referable  to  Mochlodon  Suessii.  [The  articular  surface  is  longer 

than  in  the  figure.] 
2.  Dermal  plate  referred  to  Cratceomus,  terminating  at  each  end  in  a  free 

spine. 3.  Another  dermal  plate,  with  free  spines  at  the  ends  and  similar  tubercles 
in  the  middle  portion. 

4.  A  dermal  plate  bearing  a  horn -like  spine,  also  referred  to  Cratceomus. 
5.  A  small  scute  referred  to  Cratceomus,  probably  from  the  ventral  region. 
6.  Distal  portion  of  right  femur  of  Ornithomerus  gracilis,  showing  part 

of  the  lateral  trochanter  on  the  inner  side  of  the  shaft. 
7.  Transverse  section  of  the  same  bone  at  the  proximal  fracture,  showing 

medullary  cavity. 
8.  Eight  postfrontal  bone  of  a  Chelonian,  seen  from  above,  showing  the 

cranial  scutes,  referred  to  Pleuropeltus  Suessii. 
9.  Internal  aspect  of  the  same  specimen,  showing  postorbital  ridge  and  sur- 

faces for  union  with  adjacent  bones. 
10.  Proximal  end  of  right  fibula  of  Crocodilus  proavus. 
11.  Transverse  section  of  the  same  bone  at  the  distal  fracture. 

Plate  XXIX. 

Fig.  1.  Superior  aspect  of  left  humerus  of  Cratceomus  lepidophorus. 
2.  Inferior  aspect  of  right  humerus  of  the  same  species. 
3.  Proximal  surface  of  left  humerus,  showing  expansion  of  the  radial 

crest. 
4.  Inferior  aspect  of  distal  end  of  a  humerus  referred  to  Cratceomus  Paw- 

lowitschii. 
5.  Transverse  fracture  of  proximal  end  of  the  same  specimen,  showing 

medullary  cavity. 
6.  Side  view  of  claw-phalange  of  Cratceomus. 
7.  Internal  aspect  of  proximal  end  of  left  femur  of  Crocodilus  proavus. 
8.  Outline  of  proximal  articular  surface  of  the  same  specimen. 
9.  Ulna  of  Crocodilus  proavus. 

10.  Proximal  articular  surface  of  the  same  specimen. 
11.  Radius  of  Crocodilus  proavus. 
12.  Distal  end  of  the  same  bone. 
13.  Proximal  end  of  the  same  bone. 

Plate  XXX. 

Fig.  1 .  Superior  surface  of  parietal  bone  of  a  small  Dinosaur,  probably  Moch- 
lodon Suessii. 

2.  Side  view  of  an  angular  truncated  dorsal  piece  of  dermal  armour  of 
Cratceomus. 

3.  Posterior  aspect  of  dorsal  vertebra  of  Cratceomus  Pawlovntschii,  showing 
transverse  processes  and  fractured  base  of  the  neural  spine. 

4.  Left  side  of  early  caudal  vertebra  of  Cratceomus  Pawlowitschii.  [An 
earlier  caudal  exists  with  the  short  caudal  rib  unankylosed.] 

5.  Left  side  of  dorsal  vertebra  of  a  Dinosaur,  referred  to  Cratceomus  lepido- 
phorus. 6.  Eight  side  of  mid  cervical  vertebra  of  Crocodilus  proavus. 

7.  Anterior  aspect  of  the  same  vertebra. 
8.  Posterior  aspect  of  dorsal  vertebra  of  Crocodilus  proavus. 
9.  Left  side  of  dorsal  vertebra  of  Crocodilus  proavus. 

10.  Anterior  aspect  of  lumbar  vertebra  of  Crocodilus  proavus. 
11.  Left  side  of  the  same  vertebra. 
12.  Left  side  of  an  early  caudal  vertebra  of  Crocodilus  proavus. 
13.  Inferior  aspect  of  the  same  vertebra. 
14.  Anterior  aspect  of  the  same  vertebra. 

Q.J.G.S.  IsTo.l48.  3  a 
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Fig.  15.  Side  view  of  rib  and  part  of  superimposed  plate,  showing  the  rib  free 
from  the  plate  at  the  number  15,  and  the  great  expansion  of  the  costal 
articulation  at  the  other  end.    Pleuropeltus  Suessii. 

16.  Eight  hyoplastral  element  of  Emys  Neumayri. 

Plate  XXXI. 

Fig.  1.  Anterior  aspect  of  shaft  of  right  femur  of  Cratceomus  Pawlowitschii, 
showing  the  muscular  ridges. 

2.  Antero-external  aspect  of  right  tibia  of  Cratceomus  Pawlowitschii. 
3.  Thin  slightly  keeled  dermal  plate,  probably  lateral,  of  Cratceomus  lepi- 

dopkorus. 
4.  Posterior  and  inferior  aspect  of  left  femur  of  Cratceomus  lepidophorus. 

The  figure  4  is  placed  opposite  the  small  lateral  trochanter. 
5.  Anterior  and  superior  aspect  of  right  femur  of  Cratceomus  lepidophorus. 
6.  Posterior  and  inferior  aspect  of  shaft  of  left  femur  of  Rhadinosaurus 

alcimus.    The  figure  6  is  placed  against  the  lateral  trochanter. 
7.  Outline  of  the  proximal  fracture  of  the  same  bone. 
8.  Antero-inferior  aspect  of  shaft  of  left  humerus  referred  to  Rkadinosau- 

rus alcimus. 
9.  Outline  of  proximal  fracture  of  the  same  bone. 

10.  Outline  of  distal  fracture  of  the  same  bone. 
11.  One  of  the  flat  dermal  plates  of  Hoplosaurus  ischyrus,  showing  the 

cross-fibre  structure. 
12.  Proximal  end  of  a  rib  of  Cratceomus  Pawlowitschii,  for  comparison  with 

fig.  17,  PL  XXVII.    Compare  Bunzel,  pi.  iii.  fig.  5. 
13.  Superior  aspect  of  first  costal  plate  of  carapace  of  a  Ohelonian,  Emys 

Neumayri. 

Synopsis  of  the  Bones  figured  in  these  Plates,  arranged  under  the 
Species  to  which  they  are  referred. 

Mociilodon  Suessii  (Bunzel). 

Bentarv  bone,  PL  XXVII.  fig.  1  ;  teeth,  figs.  2-4 ;  scapula,  PI.  XXVIII. 
fig.  1  ;  parietal  bone,  PL  XXX.  fig.  1. 

Struthiosaurus  austriacus,  Bunzel. 
Hinder  portion  of  skull,  PL  XXVII.  figs.  5,  6. 

Acanthopholis  iiorridus,  Huxley. 
Hinder  portion  of  base  of  skull,  PI.  XXVII.  figs.  7,  8. 

Cratceomus  (species  uncertain). 

Dentary  bone,  PL  XXVII.  figs.  9,  10 ;  teeth,  figs.  11-16. 

Cratceomus  Pawlowitschii,  Seeley. 
Femur,  PL  XXXI.  fig.  1 ;  tibia,  fig.  2 ;  fibula,  PL  XXVII.  fig.  20 ;  humerus, 

PL  XXIX.  figs.  4,  5  ;  dorsal  vertebra,  PL  XXX.  fig.  3  ;  caudal  vertebra,  fig.  4 ; 
dorsal  rib,  PL  XXXI.  fig.  12 ;  dermal  armour,  PL  XXVIII.  figs.  2-4. 

Cratceomus  lepidophorus,  Seeley. 
Femur,  PL  XXXI.  figs.  4,  5 ;  tibia,  PL  XXVII.  fig.  19  ;  humerus,  PL  XXIX. 

figs.  1-3  ;  dorsal  vertebra,  PI.  XXX.  fig.  5 ;  dorsal  rib,  PL  XXVII.  figs.  17, 18  ; 
claw-phalange,  PL  XXIX.  fig.  6  ;  dermal  armour,  PL  XXX.  fig.  2,  PL  XXXI. 
fig.  3,  PL  XXVIII.  fig.  5. 

Hoplosaurus  ischyrus,  Seeley. 
Dermal  scute,  PL  XXXI.  fig.  11. 



FAUNA  OF  THE  GOSAU  FORMATION. 707 

Megalosaukus  pannoniensis,  Seeley. 

Tooth,  PI.  XXVII.  figs.  21-23. 
Ornitiiomerus  gracilis,  Seeley. 

Femur,  PI.  XXVIII.  figs.  6,  7. 

Riiadinosaurus  alcimus,  Seeley. 

Femur,  PI.  XXXI.  figs.  6, 7  ;  humerus,  figs. 8-10;  claw-phalange,  PL  XXVII. 
fig.  26. 

Crocodilus  proavus,  Seeley. 

Vertebrae,  PI.  XXX.  figs.  6-14 ;  femur,  PI.  XXIX.  figs.  7,  8  ;  fibula,  PI. 
XXVIII.  figs.  10,  11 ;  ulna,  PL  XXIX.  figs.  9,  10;  radius,  figs.  11-13;  teeth, 
figs.  24,  25. 

Pleuropeltus  Suessii,  Seeley. 
Postfrontal  bone,  Pi.  XXVITI.  figs.  8,  9  ;  rib,  PI.  XXX.  fig.  15. 

Emys  Neumayri,  Seeley. 
Costal  plate,  PL  XXVII.  fig.  27  ;  PL  XXXI.  fig.  13 ;  hyoplastral  plate, 

PL  XXX.  fig.  16. 

The  species  described  which  are  not  figured  are  Boratodon  carcharidens, 
Biinzel,  Oligosaurus  adelus,  Seeley,  Arceosaurus  gracilis,  Seeley,  and  Ornitho- 
cheirus  Bwizeli,  Seeley. 

Discussion. 

Mr.  Htjlke  considered  Prof.  Seeley's  paper  a  very  valuable  com- 
munication, throwing,  as  it  did,  fresh  light  upon  an  important  group 

of  fossils  the  true  nature  of  which  had  before  been  but  imperfectly 
apprehended.  So  far  as  he  had  been  able  to  judge  from  a  cursory 
inspection  of  the  fossils,  he  did  not  doubt  the  accuracy  of  Prof. 

Seeley's  interpretations.  He  called  attention  to  the  anterior  extre- 
mity of  the  mandible  of  Mochlodon,  which  had  sutural  indications  of 

a  praedentary  ossification,  such  as  he  thought  he  had  seen  in Hypsilo- 
-phodon  ;  and  he  mentioned  the  difficulty  which  the  downward  exten- 

sion of  the  Dinosaurian  inner  trochanter  appeared  to  him  to  offer 
to  the  hypothesis  of  its  homology  with  the  human  trochanter  minor, 
an  extension  which  suggested  that  it  might  rather  be  homologous 
with  an  outgrowth  of  the  middle  part  of  the  linea  aspera  to  which 
the  short  head  of  the  biceps  is  attached. 

Mr.  Chaeleswoeth  remarked  on  the  difference  between  the  teeth 
in  the  upper  and  lower  jaw  of  Mochlodon. 

Dr.  Mueie  pointed  out  that  the  work  of  Prof.  Seeley  showed  that 
much  caution  must  be  exercised  in  accepting  hurried  descriptions  of 
genera  and  species  from  fragments. 

Prof.  Boyd  Dawktns  stated  that  his  examination  of  the  American 

collections  of  Secondary  Saurians  proved  that  the  so-called  Megalo- 
saurian  type  of  teeth  was  exhibited  by  forms  belonging  to  very 
different  genera. 

The  Author  agreed  with  Prof.  Dawkins's  views  concerning  the 
Megalosaurian  teeth,  and  agreed  that  teeth  were  not  sufficient  alone 
for  generic  determinations. 

3a  2 
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43.  On  the  Occurrence  of  the  Remains  of  a  Cetacean  in  the  Lower 
Oligocene  Strata  of  the  Hampshire  Basin.  By  Prof.  John  W. 
Judd,  P.R.S.,  Sec.  G.S. ;  with  an  Appendix  by  Prof.  Seeley, 
P.R.S.,  P.G.S.    (Read  June  22,  1881.) 

Remains  of  the  marine  mammalia  have  been  so  seldom  recorded 
from  the  Lower  Tertiaries  of  Britain,  that  the  discovery  of  a  new 
form  is  of  considerable  interest  to  the  geologist.  Up  to  the  present 
time  the  only  species  noticed  was  the  Zeuglodon  WanJclyni,  described 
by  Prof.  Seeley*  in  1876.  The  remains  of  this  species,  which  were 
found  in  the  Barton  Clay,  would  appear  to  have  been  unfortunately 
lost.  The  form  which  I  have  now  the  honour  of  laying  before  the 
Society  is  represented  by  a  caudal  vertebra  only  ;  but  this  appears  to 
present  some  very  interesting  peculiarities. 

The  locality  from  which  this  specimen  was  obtained  is  Roydon, 
about  a  mile  and  a  half  south  of  Brockenhurst,  in  the  New  Porest. 
The  brickyard  at  this  place  is  almost  the  only  locality  in  the  New 
Porest  at  which  the  very  interesting  marine  fauna  of  the  Brockenhurst 
Series  can  now  be  collected.  The  beds  exposed  at  this  brickyard 
consist  of  sandy  clays  crowded  with  marine  fossils  ;  they  have  been 
exposed  to  the  depth  of  25  feet ;  but  as  no  overlying  freshwater  beds 
have  been  seen  in  conjunction  with  them,  the  total  thickness  of  the 
Brockenhurst  Series  cannot  be  determined.  Judging,  however,  from 
the  wide  area  over  which  the  beds  of  this  age  have  been  found  to 
be  exposed,  that  thickness  must  be  considerable.  These  thick 
marine  strata  are  seen  at  Roydon  to  rest  directly  upon  freshwater 
clays  of  a  bright  green  colour  and  crowded  with  specimens  of  Unio 
JSolandri,  Sow.,  which  doubtless  belong  to  the  Headon  Series. 

That  the  Roydon  beds  belong  to  the  same  great  marine  series  as 
the  beds  of  Brockenhurst  and  Lyndhurst  appears  to  be  clearly 
proved  by  a  comparison  of  the  abundant  fossils  from  the  three  lo- 

calities. On  this  point  Von  Ivonen  and  the  late  Mr.  P.  Edwards, 
who  collected  so  assiduously  at  all  those  places,  appear  to  have  en- 

tertained no  doubt  whatever.  Recently,  however,  an  attempt  has 
been  made  to  separate  the  Roydon  beds  into  two  formations,  and 
to  assign  each  of  these  and  the  Brockenhurst  beds  to  different 
geological  horizons  t,  on  the  ground  that  certain  forms  which  are 
rare  at  one  locality  are  abundant  at  the  others,  and  vice  versa. 
The  fauna  of  all  these  beds  is  so  unmistakably  that  of  the  Lower 
Oligocene  orTongrian  that  it  is  impossible  to  find  any  valid  grounds 
for  such  a  subdivision. 

Terrestrial  mammalia  are  so  abundant  in  the  overlying  Bern- 
bridge  beds,  as  well  as  in  the  underlying  Headons,  that  the  disco- 

very of  this  marine  form  in  the  Brockenhurst  Series  is  of  much 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxii.  p.  428,  1876. 
t  Quart.  Journ.  Geol.  Soc.  vol.  xxxvii.  p.  113. 
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interest,  affording,  as  it  does,  such  an  important  confirmation  of  the 
conclusion  that  a  great  change  in  the  physical  conditions  of  the  area 
must  have  occurred  at  the  time  when  these  marine  strata  were 
deposited. 

APPENDIX. 

Note  on  the  Caudal  Vertebra  of  a  Cetacean  discovered  by  Prof. 
Judd  in  the  Brockenhurst  beds,  indicative  of  a  new  Type  allied 
to  Bal-enoptera  (Balcenoptera  Juddi).  By  Prof.  H.  G.  Seeley, 
F.R.S.,  P.G.S. 

The  vertebra  submitted  to  me  by  Professor  Judd  belongs  to  the 
caudal  region  ;  and  although  in  a  new  type  there  may  be  some  doubt 
concerning  the  exact  place  in  the  series,  it  may  be  affirmed  to  have 
been  about  the  eighth  caudal,  and  certainly  not  later  than  the 
twelfth.  The  vertebra  is  probably  distinct  from  all  recent  and 
fossil  genera ;  but  its  characters  are  altogether  in  harmony  with  the 
BalaBnidse  ;  and  the  specimen  indicates  a  genus  much  more  closely  re- 

lated to  Balcenoptera  than  to  Balcena,  so  far  as  can  be  judged  from 
a  single  vertebra.  This  affinity  is  especially  shown  in  the  character 
of  the  base  of  the  centrum,  which  had  the  facets  for  the  chevron 
bones  very  small,  and  also  in  the  general  character  of  the  neural 
arch,  which  is  much  less  massive  than  in  Balcena.  The  differences 
from  the  gveai  Balcenoptera  musculus  on  the  other  hand  are  clearly  de- 

fined, and  appear  to  consist  in  the  remarkably  forward  position  of  the 
neural  arch  (fig.  2),  since  in  Balcenoptera  it  does  not  usually  reach  the 
anterior  sutural  margin.  The  depressed  transversely  ovate  outline  of 
the  neural  canal  (fig.  3)  is  another  distinctive  character,  since  in  Ba Ice- 
noptera  the  neural  canal  is  higher  than  wide.  The  neural  spine  also 
appears  to  be  much  less  developed  than  in  the  recent  genus,  though, 
as  the  hinder  part  of  the  neural  arch  is  broken  away,  this  character 
cannot  be  positively  affirmed.  The  centrum  is  relatively  much  shorter 
(fig.  2) ;  the  facets  and  ridges  on  the  base  connected  with  the  chevron 
bones  are  less  developed.  The  transverse  width  of  the  zygapophyses 
was  relatively  greater  in  the  fossil.  The  transverse  process  is  re- 

markable for  extending  the  entire  width  of  the  centrum  (fig.  2),  and 
for  having  the  vertical  perforation  rather  behind  the  middle  of  the 
centrum  (fig.  1),  since  in  Balcenoptera  it  is  placed  further  forward. 
Balcenoptera  laticeps,  however,  a  species  of  the  North  Sea,  ranging, 
perhaps,  to  Java  and  Japan,  approaches  nearer  to  the  fossil,  espe- 

cially in  having  the  epiphyses  separate ;  the  neural  arch,  too,  is 
placed  almost  as  far  forward  as  in  the  fossil,  but  is  higher,  and  the 
neural  spine  is  larger ;  but  otherwise  its  characters  are  very  similar. 
Perhaps  when  we  reflect  that  the  contemporaries  of  this  old  whale 
were  Palceoiherium,  Anoplotherium,  and  their  allies  and  congeners, 
all  of  which  have  passed  away,  it  will  not  seem  improbable  that  the 
marine  mammals  also  should  give  evidence  of  subgeneric  differences, 
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Fig.  1. —  Caudal  Vertebra  of  Balaenoptera  Juddi,  seen  from  above. 
Anterior  border. 

Posterior  border. 

[The  vertebra  does  not  lean  forward  as  represented  in  the  figure.] 

Fig.  2. — Right  side  of  eighth  (?)  Caudal  Vertebra  of  Balaenoptera 
Juddi,  showing  anterior  position  of  the  neural  arch  and  vertical 
perforation  of  the  transverse  process. 



OP  A  CETACEAN  FKOM  THE  BKOCKEN HURST  BEDS.  711 

Fig.  3. — Anterior  Aspect  of  Caudal  Vertebra  of  Balaenoptera  Juddi, 
showing  the  depressed  form  of  the  neural  arch  and  sutural  sur- 

face, from  which  the  vertebral  epiphysis  has  come  away. 

A  tail  vertebra  of  a  whale,  however,  is  about  the  last  thing  which  an 
anatomist  would  select  to  furnish  characters  for  a  new  genus.  I  have 
not  thought  that  attention  is  more  likely  to  be  called  to  the  fossil  by 
thus  dealing  with  it  than  would  be  the  case  by  adopting  the  safer 
course  of  shrinking  from  the  responsibility  of  indicating  a  genus 
which  could  not  at  present  be  sustained. 

The  centrum  has  lost  its  epiphyses  (fig.  3) ;  each  end  is  hexagonal, 
and  marked  with  the  usual  radiating  longitudinal  rugosities.  The 
centrum  is  longer  at  the  superior  margin,  which  measures  nearly 
7  centim.,  than  at  the  inferior  margin,  where  the  measurement  is 
6-2  centim. ;  so  that  there  is  a  conspicuous  leaning  forward  of  the 
superior  margin  of  the  vertebra  (fig.  2).  Among  vertebrates  this  cha- 

racter recalls  a  characteristic  condition  of  the  vertebrae  of  Pliosaurus. 
As  already  remarked,  the  face  of  the  centrum  is  hexagonal ;  it  is 
10*2  centim.  wide,  and  8*7  centim.  deep.  The  superior  surface  of  the 
centrum  is  short,  since  the  transverse  outside  measurement  of  the 
neural  arch  is  only  4  centim. ;  and  the  width  of  the  base  of  the  cen- 

trum is  probably  no  more,  though  its  anterior  and  posterior  margins 
are  abraded,  so  that  the  exact  characters  cannot  be  stated.  The  lateral 
surfaces  are  unequally  divided  by  the  transverse  processes  (fig.  3), 
the  superior  pair,  5-3  centim.  long,  being  the  longest.  Their  mar- 

gins are  moderately  convex ;  the  inferior  lateral  borders  were  under 
5  centim.  long.  The  posterior  surface  of  the  centrum  is  broken  on 
the  superior,  inferior,  and  left  lateral  margins.   The  lateral  margins 
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appear  to  have  been  more  convex  behind  than  in  front,  and  the 
transverse  width  of  the  centrum,  appears  to  have  been  greater,  about 
10-6  centim.  The  base  of  the  centrum  is  narrow,  with  a  median 
longitudinal  depression  more  marked  beneath  than  in  front,  but 
not  very  conspicuous,  and  yet  sufficient  to  give  the  base  the  appear- 

ance of  being  formed  of  two  rounded  lateral  portions.  The  basal 
surface  is  concave  from  front  to  back :  it  is  impossible  to  state  its 
transverse  width  in  the  middle,  because  there  are  no  lateral  limiting 
lines ;  but  it  exceeds  2|  centim.  The  inferior  lateral  surfaces  are 
nearly  flat  from  above  downward,  the  concavity  being  scarcely  ap- 

preciable, but  are  markedly  concave  from  front  to  back.  The  supe- 
rior lateral  surfaces  are  convex  from  above  downwards  (fig.  2),  the 

convexity  being  least  marked  in  the  middle  and  more  marked  on  the 
posterior  border  than  on  the  anterior  border.  The  length  of  the 
transverse  processes  cannot  be  given,  because  they  are  fractured ;  but 
since  the  fractured  end  is  only  half  a  centim.  thick,  and  4*7  centim. 
wide,  it  was  presumably  short.  This  process  is  perforated  vertically 
by  an  oval  foramen  (fig.l)  which  is  7millim.  long  and  5  millim.  wide. 
Its  anterior  margin  is  distant  3*4  centim.  from  the  anterior  border 
of  the  vertebra  ;  and  the  posterior  margin  is  2-5  centim.  from  the 
posterior  border.  On  the  left  side  the  foramen  appears  to  be  a  little 
smaller,  and  nearer  to  the  middle  of  the  centrum. 

The  neural  arch  is  small,  depressed,  placed  anteriorly  so  as  somewhat 
to  overhang  the  centrum  (fig.  1).  It  has  a  scarcely  appreciable  neural 
spine  (fig.  2);  but  its  posterior  margin  is  broken  away.  The  sides  of  the 
neural  arch  converge  posteriorly,  so  that  the  transverse  measurement 
behind,  as  preserved,  is  3  centim.  The  antero-posterior  measurement 
of  the  base  of  the  neural  arch  is  rather  more  than  4  centim.  (fig.  2). 
The  anterior  zygapophyses,  if  such  existed,  are- broken  away:  and  the 
extreme  transverse  width  of  the  neural  arch  in  front  (fig.  3),  which  is 
obviously  less  than  its  width  when  perfect,  is  about  5  centim.  The 
sides  of  the  arch  are  directed  upward  and  outward  ;  and  the  neur- 
apophyses  are  compressed.  The  canal  for  the  spinal  cord  is  wider  in 
front  than  behind,  and  higher  behind  than  in  front.  The  transverse 
measurement  in  front  is  2*7  centim.  The  height  in  front  is  1*4 
centim.  The  height  behind  is  about  1*6,  as  preserved,  and  the  width 
fully  2  centim.  The  neural  canal  is  concave  from  front  to  back, 
and  contains  several  nutritive  foramina.  Two  are  placed  near 
to  the  anterior  margin,  and  one  in  the  middle  line  behind  the 
middle  of  the  centrum.  The  superior  surface  of  the  neural  arch  was 
probably  notched  in  front,  where  it  was  concave  from  side  to  side ; 
it  was  inclined  backward,  where  the  sides  converge,  and  where  it  is 
divided  mesially  by  the  faint  indication  of  a  neural  spine  (fig.  1). 
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44.  Description  of  a  Peat  Bed  interstratified  tuith  the  Boulder- 
Drift  at  Oldham.  By  Geo.  H.  Hollingworth,  Esq.,  F.G.S. 
(Read  June  22,  1881.) 

In  the  early  part  of  September  last  Mr.  James  Nield,  of  Oldham, 
called  my  attention  to  a  bed  of  peat  which  he  had  discovered  on  the 
site  of  the  railway-extensions  then  being  made  by  the  London  and 
North- Western  Railway  Co.,  at  Rhodes  Bank,  Oldham. 

The  length  of  the  section  exposed  to  view  was  53  feet  in  a  north- 
to-south  direction,  and  the  maximum  depth  14  feet ;  but  the  depth 
of  the  drift,  as  proved  at  the  colliery  about  100  yards  to  the  west, 
is  34|  feet. 

Section  of  Boidcler-clay  with  interstratified  Peat,  near  Rhodes  Bank, 
Oldham.    (Scale  about  14  feet  to  1  inch.) 

a.  Soil.  b.  Boulder-clay.  c.  Fine  blue  clay. 
d.  Peat.  e.  Sand.  /.  Ochre. 

The  following  is  the  description  of  the  beds,  proceeding  down- 
wards : — 

No. 
1.  Soil   8  to  10  in. 
2.  Boulcler-clay,  sometimes  sandy,  with  beds  and  1  «», 

strings  of  peat  J 
3.  Main  bed  of  peat  containing  mosses,  exogenous  \ 

stems,  and  beetles.    At  one  point  there  was  en-  I  2  in.  to  1  ft.  9  in. 
closed  in  the  peat  a  deposit  of  iron  ochre  (/)  about  j  Average  15  in. 
6  inches  in  maximum  thickness  and  6  feet  long...  J 

4.  Blue  clay,  mostly  very  fine,  but  stony  where  j  ̂  m  to  1  ft thickest,  forms  the  floor  clay  or  soil   ..J 
5.  Current-bedded  coarse  sand  and  fine  gravel,  red-  \  ,  .q  ̂ 0  2  ft and  yellow-coloured  J 
6.  Boulder-clay,  proved    6  ft. 

The  deposit  is  situate  in  the  valley  of  the  Medlock,  about  25  feet 
above  its  present  level ;  but  it  has  not  beeen  exposed  by  that  brook, 
at  this  point,  where  there  is  from  2  to  6  feet  of  the  upper  clay  still 
resting  upon  the  peat.  The  upper  clay,  peat,  and  lower  clay  have 
probably  been  denuded  by  the  action  of  the  brook  some  yards  to  the 

Q.J.G.S.  No.  148.  3  b 
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west.  The  upper  clay  is  continuous  to  the  east  for  at  least  200 
yards,  and  was  proved  to  be  about  4  feet  thick  for  15  yards  to  the 
east  of  the  section  by  the  operations  of  the  Railway  Company  in 
search  of  sand.  At  that  point  the  sand  was  more  than  6  feet  in 
thickness,  the  bed  of  peat  having  run  out.  The  boulders  are  mostly 
from  a  distance  (porphyries,  granites,  &c.) ;  but  a  few  are  of  local 
origin,  one  picked  up  being  gainster  from  the  lower  coal-measures. 

The  section,  which  is  now  covered  up,  was  measured  by  me  when 
about  6  yards  of  the  strata  had  been  excavated  from  the  face  at 
right  angles  to  the  section. 

The  peat  bed  terminates  on  the  right  of  the  section  ;  but  on  the 
left  or  north  the  upper  bed  is  going  forward.  The  floor  clay  (4)  is 
of  a  fine  silty  nature  generally,  and  is  very  similar  to  the  floor  clay 
of  the  Ashton  Moss  (Ashton-under-Lyne)  as  exposed  in  the  railway- 
cutting. 

The  mosses  &c.  have  been  placed  in  the  hands  of  the  Rev.  J. 
Ferguson,  of  Brechin,  N.  B.,for  examination  ;  but  his  final  report  has 
not  yet  been  received.  They  are,  however,  of  decidedly  northern 
character. 
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of,  11  ;  analysis  of,  21. 

Bristol  district,  Mr.  C.  Moore  on  ab- 
normal geological  deposits  in  the, 

67. 
Bristol  Reptilia,  age  of  the,  80. 
British  Columbia,  Dr.  G.  Dawson  on 

the  superficial  geology  of,  272. 
Brockenhurst  fauna,  affinities  of  the, 

1 10 ;  relation  of  Colwell  marine 
fauna  to,  112. 

Brockenhurst  zone  at  Whitecliff  Bay 
and  in  the  ISew  Forest,  109  ;  fossils 
of  the,  115. 

Brodie,  Rev.  P.B.,  on  certain  quartzite 
and  sandstone  fossiiiferous  pebbles 
in  the  Drift  in  Warwickshire,  and 
their  probable  identity,  lithologi- 
cally  and  zoologically,  with  the  true 
Lower-Silurian  pebbles  with  similar 
fossils  in  the  Trias  at  Budleigh  Sal- 
terton,  Devonshire,  430. 

Bryn-y-Carnau  quarry,  fossils  from. 
145. 

Bryozoa,  fossil  Chilostomatous,  from 
South-west  Victoria,  Mr.  A.  W. 
Waters  on,  309. 

Buckman,  J.,  Esq.,  on  the  terminations 
of  some  Ammonites  from  the  Infe- 

rior Oolite  of  Dorset  and  Somerset, 
57. 

Buckman,  S.  S.,  Esq.,  on  some  species 
of  Ammonites  from  the  Inferior 
Oolite  of  Dorset,  588. 

Budleigh  Salterton,  Lower-Silurian 
pebbles  in  the  Trias  at,  430. 

Bunter  sandstones,  constitution  of,  12. 

Caber ea  rudis,  322. 
Caernarvonshire,  high-level  gravel  and 

sand  in,  357. 
Caerwen  Farm,  section  through,  159. 
Callaway,  Dr.  C.,  on  the  Archeean  geo- 

logy of  Anglesey,  210. 
 ,  on  the  limestone  of  Durness  and 

Assynt,  239. 
Calyptograptus  digitatus,  174. 

 plumosus,  173. 
Cambrian  grits  and  sandstones,  7. 
Canada,  Prof.  W.  J.  Sollas  on  Astro- 

conia  Granti  from  the  Silurian  for- 
mation of,  254. 

Canda  fossilis,  322. 
Caradoc  Waterfall  and  Traws  Coed, 

section  in  railway-cutting  between, 155. 
Carboniferous  Fenestellidse,  Mr.  G. 

Shrubsole  on  the,  178. 
 grits  and  sandstones,  11,  25. 

Cardigan,  162. 
Cardiganshire,  South-west,  vertical 

section  of  Silurian  rocks  in,  164. 
Cardiopteris  eriana,  305. 
Carclita-Beaumonti  beds  of  Sind,  193  ; 

corals  of  the,  197. 
Carlisle  Basin,  Mr.  T.  V.  Holmes  on 

the  Permian,  Triassic,  and  Liassic 
rocks  of  the,  286. 

Carpenter,  P.  H.,  Esq.,  on  two  new 
Crinoids  from  the  tipper  Chalk  of 
Southern  Sweden,  128. 

Carrall,  J.  W.,  Esq.,  on  the  locality  of 
some  fossils  found  in  the  Carboni- 

ferous rocks  at  T'ang  Shan,  China,83. 
Carreg-winllan,  structure  of  igneous 

rock  from,  236. 
Carruthers,  W.,  Esq,,  identification  of 

plants  in  brown  iron-ore  from  Rio Tinto,  4. 
Carstone,  of  Hunstanton,  constitution 

of,  17 ;  analysis  of,  18. 
Cas  Clock,  characters  of  chlorite- 

schists  from,  234. 
Catenicella  alata,  317. 

 ampla,  317. 
 cribriformis,  317. 
 elegans,  317. 
 flexuosa,  317- 
 internodia,  318. 
 marginata,  317. 
 solida,  318. 

Caulopteris  Lockwoodi,  307. 
Cefn  Coch,  fossils  from,  152. 

 Hendre,  fossils  from,  145. 
Cellaria  fistulosa,  319. 

 globulosa,  321. 
 malvinensis,  321. 
 ovicellosa,  321. 

Ccllepora  fossa,  343. 
 yarraensis,  343. 
 sp.,  344. 

Celluloxylon  prmuevum,  302. 
Cemmaes,    structure   of  crystalline 

limestone  from  near,  236. 
 limestones,  223. 

Central  Wales,  Mr.  W.  Keeping  on 
the  geology  of,  141. 

Central  zone  of  Anglesey,  218. 
Cerrig  Ceinwen,  slaty  group  of,  215  ; 

structure  of  slaty  rock  from  near. 234. 
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Cerrig  ddwyffordd,  structure  of  slaty 
rock  from,  234,  235. 

Ceryg  Moelion,  serpentine  near,  42 ; 
section  of  quarry  at,  43;  micro- 

scopic character  of  rock  from,  46. 
Cetacean,  Prof.  Judd  on  the  remains 

of  a,  in  the  Lower  Oligocene  strata 
of  the  Hampshire  basin,  708. 

Chalk,  Upper,  of  Southern  Sweden, 
Mr.  P.  H.  Carpenter  on  two  new 
Crinoids  from  the,  128. 

Charente,  Upper  Jurassic  rocks  of  the, 
541. 

Charmouth,  Mr.  Sollas  on  a  new 
species  of  Plesiosaurus  from  the 
Lower  Lias  of,  440. 

Cher,  Upper  Jurassic  rocks  of  the, 
538. 

Cheshire,  Bunter  sandstones  of,  12. 
Chilostomatous  Bryozoa  from  South- 

west Victoria,  Mr.  A.  W.  Waters  on 
fossil,  309. 

Chlorite  schists  of  Anglesey,  Prof. 
Bonney  on  the,  234. 

Chloritic  marl  and  Upper  Greensand, 
Isle  of  Wight,  Mr.  Parkinson  on, 
370. 

 schists  of  Mynydd  Mechell,  222. 
Cladodus  curtus,  422. 
Cladophora,  Mr.  C.  Lapworth  on  the, 

in  the  Llandovery  rocks   of  Mid 
Wales,  171. 

Clevedon,  78. 
Cliff  End,  Osborne  beds  at,  104. 
Clifton,  Rhgetic  bone-becl  near,  75 ; 

view  of  the  gorge  of  the  Avon  near, 
76. 

Clogwyn  d'ur  Arddu,  devitrified  ob- sidian or  rhyolite  from,  405. 
Clwydd  valley,  vertical  section  of  Si- 

lurian rocks  in,  164. 
Coal-measures,  Mr.  J.  W.  Davis  on 

Anodontacanthus,  a  new  genus  of 
fossil  fishes  from  the,  427. 

Coal-measure  sandstone,  from  Spink- 
nell  Quarry,  near  Bradford,  consti- 

tution of,  11  ;  analysis  of,  21  ;  from 
Stonyhough.  constitution  of,  11. 

Coast  of  British  Columbia,  277  ;  map 
of  the,  278. 

Columbia,  British,  Dr.  Gr.  Dawson  on 
the  superficial  geology  of,  272. 

Colwell  Bay,  Mr.  H.  Keeping  and  Mr. 
E.  B.  Tawney  on  the  beds  at  Hea- 
don  Hill  and,  in  the  Isle  of  Wight, 
85. 

 ,  Lower  Headon  of,  101 ;  Middle 
Headon  of,  101. 

Colwell  marine  fauna,  relation  of,  to 
the  Brockenhurst  fauna,  112. 

Colwyn  Bay,  Middle  Glacial  drift  of, 19. 
Comen,  Prof.  Seeley  on  the  remains  of 

a  small  Lizard  from  the  Neocomian 
rocks  of,  52. 

Conglomerates  of  the  gorge  of  the Avon,  76. 
Constitution  of  grits  and  sandstones, 

Mr.  J.  A.  Phillips  on  the,  6. 
Contortions  in  railway-cutting  near 

Traws  Coed,  155. 
Coppinger,  Dr.  R.  W.,  on  Soilcap-mo- tion,  348. 
Corallian  of  the  Paris  basin  and  Eng- 

land, 570. 
Coralliferous  series  of  Sind,  Prof.  P. 

M.  Duncan  on  the,  190. 
Corals  of  Sind,  197. 
Corris  area,  162. 
Cor  wen,  N.  Wales,  Dr.  Hicks  on  some 

remains  of  plants  in  the  Denbigh- 
shire grits  at,  48. 

 ,  section  from  Nant  Llechos,  near, 
to  Moel  Morfydd,  487. 

Cosmoceras  Caumontii,  600. 
 Garantianum,  600. 
 Parkinsoni,  599. 
 subfurcaturn,  600. 

Craig  fawr,  215. 
Craig  Lluest,  section  through,  143. 
CratcBomus,  637. 

 lepidophorus,  660. 
 Pawlowitschii,  642. 

Cretaceous  sandstones,  constitution  of, 
16. 

Cribrillina  dentipora,  326. 
■  suggerens,  327. 

 terminata,  326. 
Crinoids,  Mr.  P.  H.  Carpenter  on  two 

new,   from  the  Upper  Chalk  of 
Southern  Sweden,  128. 

Crocodilus  proavus,  685. 
Crogan  goch,  character  of  chlorite 

schist  from,  234. 
Crossgates,  interglacial  deposits  at, 

33,  37. 
Cruglas,  serpentine  near,  42,  45  ;  mi- 

croscopic character  of,  46. 
Ctenoptychius  Ordii,  422. 

 pectinatus,  424. 
Cumberland,  Mr.  J.  D.  Kendall 

on  interglacial  deposits  of  West, 
29. Cummersdale,  289. 

Cwm,  fossils  from  quarry  at,  144. 
Cwm  Elan,  section  through,  159. 
Cwm  Maenydd,  163. 
Cwm  Symlog,  fossils  from,  154. 
Cwm  Ystwyth,  section  from,  to  Grwas- 

taden,  143. 
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Cyclopteris  sp.,  305. 
Cyclostigma  affine,  801. 

Dalstou,  section  from  SolwayMoss  to, 
296. 

Davis,  J.  W.,  Esq.,  on  the  fish-remains 
of  the  bone-bed  at  Aust,  near  Bristol, 
with  the  description  of  some  new 
genera  and  species,  414. 

 ,   on  Anodontacanthus,  a  new 
genus  of  fossil  fishes  from  the  coal- 
measures,  with  descriptions  of  three 
new  species,  427. 

Dawson,  Dr.  G.  M.,  on  the  superficial 
geology  of  British  Columbia  and 
adjacent  regions,  272. 

Dawson,  Dr.  J.  W.,  award  of  the 
Lyell  Medal  to,  Proc.  30. 

 ,  on  new  Erian  (Devonian)  plants, 299. 
Denbighshire  grit,  constitution  of,  9. 

 ,  Dr.  Hicks  on  some  plant-re- 
mains discovered  at  the  base  of  the, 

Corwen,  N.  Wales,  482. 
Dendroid  Graptolites,  Mr.  C.  Lap- 

worth  on  the,  in  the  Llandovery 
rocks  of  Mid  Wales,  171. 

Depolarization,  areas  of,  from  strain 
within  perlitic  bodies  in  obsidian 
tuff,  396. 

Devil's  Bridge,  section  from  Aberyst- wyth to  the,  143;  fossils  from, 
147 ;  great  inversion  of  rocks  at. 146. 

Devitrified  rocks,  Mr.  F.  Rutley  on, 
from  Beddgelert  and  Snowdon, 
403. 

Devonian  grits  and  sandstones,  9. 
 plants,  Principal  Dawson  on  new, 299. 

Diamond-fields  of  South  Africa,  Mr. 
Dunn  on  the,  609. 

Diastopora,  Mr.  F.  D.  Longe  on  some 
specimens  of,  from  the  Wenlock 
limestone,  239. 

Diastopora  cricopora,  387. 
 oolitica,  386. 
 stomatoporides,  384. 
 ventricosa,  385. 

Diastoporidas,  Mr.  G.  R.  Vine  on  the, 
from  the  Lias  and  Oolite,  381. 

Dicranophyllum  australicum,  306. 
Diciyonema  corrugatellum,  172. 

 delicatulum,  172. 
 venustum,  171. 

Dictyophyton,  303. 
Dolomitic  conglomerate  near  Clifton, 

76. 
Doratodon  carcharidens,  671. 
Dorset.,  Mr.  J.  Buckman  on  some  Am- 

monites from  the  Inferior  Oolite  of 
Somerset  and,  57. 

Dorset,  Mr.  S.  S.  Buckman  on  some 
Ammonites  from  the  Inferior  Oolite 
of,  588. 

Dovey  valley,  162;  section  through, 
163. 

Drift-zones,  Mr.  D.  Mackintosh  on  the 
existence  of,  351. 

Drigg,  interglacial  deposit  at,  34. 
Dulas  Bay,  220. 
Duncan,  Prof.  P.  Martin,  presentation 

of  the  Wollaston  Medal  to,  Proc.  28. 
 ,  on  the  coralliferous  series  of 

Sind  and  its  connexion  with  the 
last  upheaval  of  the  Himalayas, 
190. 

Dunn,  E.  J.,  Esq.,  on  the  diamond- fields  of  South  Africa,  609. 
Durdham  Down,  conglomerate  of,  67  ; 

section  at  the  edge  of,  70;  Theco- 
dontosaurus-bed  of,  73. 

Durness  and  Assynt,  Dr.  C.  Callaway 
on  the  limestone  of,  239. 

Durness  area,  map  of  the,  240. 
Dymoke,  Keuper  sandstone  from,  15. 

Easton,  section  through,  296. 
Eccles,  J.,  Esq.,  on  the  mode  of  occur- rence of  some  volcanic  rocks  of 

Montana,  U.  S.  A.,  399. 
Egton,  constitution  of  moor  grits 

from,  16. 
Equisetides  Wrighfiana,  301. 
Emys  Neumayri,  698. 
Eppelsheim,  206. 
Erian  (Devonian)  plants,  Principal 

Dawson  on  new,  299. 
Erratic  stones  in  the  Moel-Tryfan  de- 

posit, 353. Eruptive  rocks  of  Skoiner  Island,  Mr. 
F.  Rutley  on,  409. 

Etheridge,  R.,  Esq.  (President),  Ad- 
dress on  presenting  the  Wollaston 

Medal  to  Prof.  P.  Martin  Duncan, 
Proc.  28 ;  Address  on  presenting 
the  Murchison  Medal  to  Prof. 
Archibald  Geikie,  29  ;  Address  on 
handing  the  Lyell  Medal  to  W.  W. 
Smyth,  Esq.,  for  transmission  to 
Dr.  J.  W.  Dawson,  30  ;  Address  on 
handing  the  Bigsby  Medal  to  Prof. 
Morris  for  transmission  to  Dr. 
Charles  Barrois,  32 ;  Address  on 
handing  the  Wollaston  Donation 
Fund  to  Prof.  J.  W.  Judd  for  trans- 

mission to  Dr.  R.  H.  Traquair,  33  ; 
Address  on  presenting  the  balance 
of  the  Murchison  Donation  Fund  to 
Frank  Rutley,  Esq.,  34;  Address 
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on  presenting  one  moiety  of  the 
Lyell  Geological  Fund  to  G.  E. 
Vine,  Esq.,  35  ;  Address  on  handing 
one  moiety  of  the  Lyell  Geological 
Fund  to  Prof.  H.  G.  Seeley  for 
transmission  to  Dr.  Anton  Fritsch, 
36;  Anniversary  Address,  February 
18,  1881.  Obituary  Notices  of  De- 

ceased Fellows :  —  Searles  Valen- 
tine Wood,  37  ;  John  Jeremiah 

Bigsby,  39  ;  Bev.  J.  Clifton  Ward, 
41 ;  Prof.  D.  T.  Anstecl,  43  ;  Prof. 
William  Hallowes  Miller,  44 ;  Mr. 
H.  Ludlam,  47 ;  Mr.  Eobert  Clut- 
terbuck,  48  ;  Dr.  Edward  Meryon, 
48  ;  Mr.  Elijah  Walton,  48  ;  Dr.  W. 
P.  Schimper,  49 ;  Dr.  J.  A.  H. 
Bosquet,  50;  and  M.  P.  H.  Nyst, 
50.  Address  on  the  Analysis  and 
Distribution  of  the  British  Palaeo- 

zoic Fossils,  51. 
Etheridge,  B.,  Esq.,  011  a  new  species 

of  Trigonia  from  the  Purbeck  beds 
of  the  vale  of  Wardour,  246. 

 ,  Appendix  to  Dr.  Hicks' s  paper 
on  some  plant-remains  in  North 
Wales,  482. 

Fault   at  Porth-y-defaid,    224;  at 
Porth-yr-Ogof,  226. 

Felin  bont,  halleflinta  of,  217. 
Felsite  schist  from  near  Pont-y-Grom- 

lech,  405. 
Fenestella  crassa,  186. 

 halkinensis,  1 87. 
 membranacea,  181. 
 nodulosa,  183. 
 plebeia,  179. 
 polyporata,  185. 

Fenestellidae,  Carboniferous,  Mr.  G. 
Shrubsole  on  the,  178. 

Fishes,  fossil,  Mr.  J.  W.  Davis  on 
Anodontacantkus,  a  new  genus  of, 
from  the  Coal-measures,  427. 

Fish-remains  of  the  bone-bed  at  Aust, 
near  Bristol,  Mr.  J.  W.  Davis  on 
the,  414. 

Flaggy  gneiss  of  Durness,  239. 
Flintshire,    high-level    deposits  on 

Halkin  mountain,  357. 
Fonthill  Giffard,  Portlandian  sand 

from,  16. 
Forests,  so-called  submerged,  of  West 

Cumberland  and  North  Lancashire, 
37. 

Fossils,  Mr.  J.  W.  Can-all  on  the 
locality  of  some,  in  the  Carbonife- 

rous rocks  at  T'ang  Shan,  China. 83. 
Fossils  of  the  Middle  Headon  at  Hea- 

don  Hill  and  Colwell  Bay,  104-106; 

from  the  Brockenhurst  zone  at  Whit* 
ley  Bidge,  New  Forest,  111  ;  of  the 
Middle  Headon  series  and  Broc- 

kenhurst beds,,  table  of,  115;  of 
Central  Wales,  table  of,  170;  of 
the  Manclihar  series,  204;  of  the 
Upper  Greensand  and  Chloritic 
Marl  of  the  Isle  of  Wight,  371- 373. 

Fritsch,   Dr.  Anton,  award  of  one 
moiety  of   the    Lyell  Geological 
Fund  to,  Proc.  36. 

Frodsham,  Keuper  sands  at,  15. 
Frondeg    gravel-pits,     360 ;  shells found  in,  360 ;  boulders  in,  360, 

361. 

Gaerwen,  gneiss  of,  212. 
Gaj  river,  section  on  the  north  bank 

of  the,  194. 
 series,  195  ;  corals  of  the,  201. 

Gardiner's  Biver,  quartz  rhyolite  from, 396. 
Garthen  valley,  fossils  from,  156. 
Geikie,  Prof.  A.,  presentation  of  the 

Murchison  Medal  to,  Proc.  29. 
Geyser  basin,  Lower,  spherulite  rock 

from  the,  395 ;  vitreous  tuff  from 
the,  396. 

Glanrhyd,  grey  gneiss  of,  219. 
Gneiss,  grey,  of  the  Llangefni  area, 

218  ;  of  Glanrhyd,  219. 
Gneissic  series  of  Anglesey,  geogra- 

phical and  stratigraphical  distribu- tion of,  227,  228. 
 of  the  Menai  anticline,  211; 

of  the  Llangefni  syncline,  216 ; 
of  the  central  zone  of  Anglesey, 
219. 

Gosau  beds  of  the  Neue  Welt,  Prof. 
Suess  on  the,  702. 

  formation,  Prof.  Seeley  on  the 
reptile  fauna  of  the,  620. 

Granitoid  gneiss,  structure  of,  from 
Pen  Bryn  yr  Eglwys,  235. 

Granitoidite  of  Llanerchymedd,  219. 
Graptolites,  dendroid,  Mr.  C.  Lap- 

worth  on  the,  in  the  Llandovery 
rocks  of  Mid  Wales,  171. 

Gravel  and  sand,  arrangement  of,  in 
the  Moel-Try fan  deposit,  353 ;  high- 
level,  between  Minera  and  Llan- 

gollen vale,  Denbighshire,  359 ; 
high-level,  near  Llangollen,  363 ; 
of  Macclesfield  forest,  363 ;  high- 
level,  in  Caernarvonshire,  357  ;  in 
Ireland,  357  ;  on  Halkin  Mountain. 
357. 

Great  Orton,  section  through,  296. 
Green-quarter  Fell,constitutionof  grit from,  9. 
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721 Greensand,  Upper,  and  Chloritic 
Marl,  Isle  of  Wight,  Mr.  Parkinson 
on,  370. 

Grey  gneiss  of  Glanrhyd,  219  ;  of  the 
Llangefni  area,  218. 

Grits,  Mr.  J.  A.  Phillips  on  the  con- 
stitution and  history  of,  6. 

Gwalchmai,  microscopic  structure  of 
quartz-schists  from,  232,  233. 

Gwastaden,  sectionfrom CwmYstwyth 
to,  143  ;  section  from  Strata  Florida 
and  the  Teifi  pools  to,  159. 

Gwrthya,  42.' Gwyn  Llyn,  section  through,  143. 
Gypseous  shales  of  Carlisle  basin,  288, 

295. 

Halm,  Dr.  Otto,  remarks  on  micro- 
scopic sections  of  meteorites,  Proc. 

7- 
Hala  range,  192. 
Halkin  Mountain,  high-level  deposits 

on,  357. 
Halleflinta  of  the  Llangefni  area,  217; 

near  Llangwyllog  church,  219. 
Hampshire  basin,  Prof.  Jucld  on  the 

remains  of  a  Cetacean  in  the  Lower 
Oligocene  strata  of  the,  70S. 

Haploceras  oolithicum,  607. 
Harpoceras  adicrum,  602. 

 concavum,  603. 
 cornu,  605. 
 cycloides,  604. 
 dispansum,  604. 

— —  Edouardianum,  604. 
 fissilobatum,  603. 
 Levesquei,  604. 
 Moorei,  604. 
 Murchisorae,  603. 
 Sowerbyi,  602. 

Haute-Marne,  LTpper  Juras.sic  rocks of  the,  516. 
Headon  beds,  list  of  fossils  from  the, 

105. 
 Hill,  Mr.  H.  Keeping  and  Mr. 

E.  B.  Tawney  on  the  beds  at,  and 
at  Colwell  Bay,  Isle  of  Wight,  85. 

 ,  survey  section  east  of,  86 ; 
vertical  section  at  north-east  corner 
of,  88. 

Hempstead  series,  sands  from,  18. 
Heppenheim,  206. 
Hertfordshire  puddingtone,  18. 
Hicks,  Dr.  H.,  on  the  discovery  of 

some  remains  of  plants  at  the  base 
of  the  Denbighshire  Grits  near 
Corwen,  North  Wales,  482. 

High  House,  sandstone  of,  15. 
Himalayas,  Prof.  P.  M.  Duncan  on 

the  connexion  of  the  Coralliferous 
Q.  J.  G.  S.  No.  148. 

series  of  Sind  with  the  last  up- 
heaval of  the,  190. 

Himalayan  upheaval,  general  conside- 
rations regarding  the  age  of  the 

last,  205. 
Hollingworth,  G.  H.,  Esq.,  on  a  peat 

bed  interstratified  with  the  boulder- 
drift  at  Oldham,  713. 

Holmes,  T.  V.,  Esq.,  on  the  Permian, 
Triassic,  and  Liassic  rocks  of  the 
Carlisle  basin,  286. 

Holyhead  district,  226. 
  Mountain,  quartz-schist  from, 

226 ;  structure  of  quartz-schist  from, 233. 

Holywell,    Flintshire, '  sands  from Boulder-clay  at,  19. 
Holwell,  67 ;    Postpliocene,  Liassic 

and  Rhsetic  deposits  of,  69. 
Hoplosaurus  ischyrus,  681. 
Hor dwell,  constitution  of  sand  from, 18. 

Hornblende  picrite,  Prof.  T.  G.  Bon- 
ney  on  a  boulder  of,  near  Pen-y- 
Carnisiog,  Anglesey,  137. 

Hunstanton,  constitution  of  Carstone 
of,  17 ;  analysis  of,  18. 

Hyboclus  austiensis,  416. 
 imnctatus,  417. 

Igneous  rocks  of  Anglesey,  Prof.  Bon- 
ney  on  the  structure  of  some, 
236. 

Il-ga-chnz  Mountain,  British  Colum- 
bia, 274. 

Inchnadamff  church,  section  above, 
242. 

 ,  plan  of  limestone  and  quartzite 
at,  243. 

Inferior  Oolite  of  Dorset,  on  some 
Ammonites  from  the,  57,  588. 

Interglacial  deposits  of  West  Cumber- 
land and  North  Lancashire,  Mr.  J. 

D.  Kendall  on,  29. 
Ireland,  high-level  gravel  and  sand 

in,  357. 
Iron  Mountain,  British  Columbia, 

272,  274. 
Iron-ore,  Mr.  J.  A.  Phillips  on  the 

occurrence  of  remains  of  recent 
plants  in  brown,  1. 

Iron-ores,  pisolitic,  18. 
Isle  of  Wight,  Mr.  Parkinson  on  the 

Upper  Greensand  and  Chloritic  Marl 
of,  370. 

Judd,  Prof.  J.  W.,  on  the  occurrence 
of  the  remains  of  a  Cetacean  in  the 
Lower  Oligocene  strata  of  the 
Hampshire  basin,  with  a  note  by 
Prof.  Seeley,  708. 3c 
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Jurassic  rocks,  Upper,  of  England 
and  the  continent,  Eev.  J.  F.  Blake 
on  the,  497. 

 sandstones,  constitution  of,  16. 

Kamloops,  British  Columbia,  273, 
275. 

Keeping,  H.,  Esq.,  and  E.  B.  Tawney, 
Esq.,  on  the  beds  at  Headon  Hill  and 
Colwell  Bay  in  the  Isle  of  Wight, 
85. 

Keeping,  W.,  Esq.,  on  the  geology  of 
Central  Wales,  with  an  appendix  an 
some  new  species  of  Cladophora  by 
C.  Lapworth,  Esq.,  141. 

Kendall,  J.  D.,  Esq.,  interglacial  de- 
posits of  West  Cumberland  and 

North  Lancashire,  29. 
Keuper  sandstones,  constitution  of, 

14. 
Khirthar  range,  geology  of  the,  193  ; 

diagram  section  of  the,  194. 
 series,  193  ;  corals  of  the,  199. 

Kimineridgian  of  the  Paris  basin  and 
England,  577. 

Kirklinton  sandstone,  290,  295. 

La  Charite,  map  of  the  Loire  between 
Sancerre  and,  538. 

Ladock,  constitution  of  grits  from,  10. 
Laignes,  map  of  part  of  the  valley  of 

the,  528. 
Lake  district,  vertical  section  of  Silu- 

rian rocks  in  the,  164. 
Laki  range,  geology  of  the,  193. 
Lampeter,  fossils  from,  155. 
Lancashire,  Bunter  sandstones  of,  12. 

 ,  Mr.  J.  D.  Kendall  on  interglacial 
deposits  of  North,  29. 

 ,  Mr.  T.  M.  Eeade  on  the  date  of 
the  last  change  of  level  in,  436. 

Lapworth,  Prof.  C,  on  the  Cladophora 
or  dendroid  Graptolites  collected 
by  Prof.  Keeping  in  the  Llandovery 
rocks  of  Mid  Wales,  171. 

Large-flag  series,  151. 
Lepidodendron  primcevwm,  302. 
Lepralia  cleidostoma,  var.  rotunda, 

336. 
 corrugata.  335. 
 monilifera,  335. 
 spatulata,  335. 

Lias,  Mr.  Sollas  on  a  new  species  of 
Plesiosaurus  in  the  Lower,  Char- 
mouth,  440. 

 in  the  Carlisle  basin,  293,  297. 
 and  oolite,  Mr.  G.  R.  Vine  on 

Diastoporidoe  from  the,  381. 
Liassic  remains,  in  alluvial  veins,  in 

the  Carboniferous  of  Durdham 
Down,  73. 

Liassic  rocks  of  the  Carlisle  basin,  Mr. 
T.  V.  Holmes  on  the,  286. 

  vein  in  the  quarry,  Durdham Down,  75. 
Limestone  of  Durness  and  Assynt, 

Dr.  C.  Callaway  on  the,  239. 
Limestones,  crystalline,  of  Anglesey, 

Prof.  Bonney  on  the  structure  of, 
235. 

Lindal,  borings  in  Boulder-clay  at, 
30,  37. 

Lisburne,  fossils  from,  156. 
Litherland,  Keuper  sandstone  from, 

15. 
Little  Orton,  section  through,  296. 
Lizard,  Prof.  Seeley  on  the  remains  of 

a  small,  from  the  Neocomian  rocks 
of  Conien.  near  Trieste,  52. 

Llanbrynmaer,  161 ;  vertical  section  of 
Silurian  rocks  at,  164. 

Llandeilo,  section  from,  to  Aberaeron, 
158  ;  vertical  section  of  Silurian 
rocks  west  of,  164. 

Llandovery  rocks  of  Mid  Wales,  Mr. 
C.  Lapworth  on  the  Cladophora  of 
of  the,  171. 

Llanerchymedd  and  Llangwyllog,  sec- 
tion between,  219. 

Llanfadog  uchaf,  section  through,  159. 
Llanfechell  grits,  223  ;  structure  of 

slaty  rock  from,  234. 
Llangefni  syncline,  213,  conglomer- 

ates and  shales,  214  ;  conglomerate, 
structure  of  a  fragment  of  grit  in, 
235. 

Llangollen,  high-level  gravel  and  sand 
near,  363. 

Llangollen  valley  and  Minera,  high- 
level  deposits  between,  359. 

Llangrannog,  constitution  of  grit  from, 
8. 

Llangristiolus  grits  and  slates,  214. 
Llangwrig,  section  through,  159. 
Llangwyllog  church,  Halleninta  near, 

219. 
 and  Llanerchymedd,  section  be- 

tween, 219. 
Llanwenllwyfo,  220. 
Llan  y  Mowddwy,  vertical  section 

across  the  Dovey  valley  at,  163 ;  ver- 
tical section  of  Silurian  rocks  at,  164. 

Loire,  map  of  the,  between  Sancerre 
and  La  Charite,  538. 

Longe,  F.  D.,  Esq.,  on  some  specimens 
of  Diastopora  and  Btomatopora  from 
the  Wenlock  limestone,  Proc.  239. 

Lower  Charente,  Upper  Jurassic  rocks 
of  the  543. 

Lower  Geyser  basin,  spherulite  rock 
from  the,  395 ;  vitreous  tuff  from 
the,  396. 
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Lower  Heaclon  beds,  94 ;  of  the  cliffs 
between  Weston  and  Widdick 
Chines,  96  ;  of  Warden  Cliff,  97  , 
of  Colwell  Bay,  101. 

Lower  Lickey  Hills,  Upper  Llando- 
very sandstone  from,  9. 

Lower  Mottled  Sandstones,  12,  14. 
Lower  Oligocene  strata  of  the  Hamp- 

shire basin,  Prof.  Judd  on  the  re- 
mains of  a  Cetacean  in  the,  708. 

Lower  Permian  of  the  Carlisle  basin, 
287. 

Lunulites  cancellata,  344. 
 guineensis,  344. 

Lyell  Geological  Fund,  presentation 
of  one  moiety  of,  to  G.  E.  Vine, 
Esq.,  Proc.  35  ;  award  of  one  moiety 
of  the,  to  Dr.  Anton  Fritsch,  Proc. 

36. Lyell  Medal,  award  of  the,  to  Dr.  J. 
W.  Dawson,  Proc.  30. 

Lyssakme  Hexactineliid,  Prof.  W.  J. 
Sollas  on  a  new,  from  the  Silurian 
formation  of  Canada,  254. 

Lytoceras  confusum,  601. 
 Eudesianum,  601. 
 torulosum,  601. 

Macclesfield  Forest,  high-level  gravel 
and  sand  of,  363. 

Machynlleth,  fossils  from  Morben 
quarry,  153. 

Mackintosh,  Mr.  D.,  on  the  precise 
mode  of  accumulation  and  deriva- 

tion of  the  Moel-Tryfan  shelly 
deposits  and  similar  high-level  de- 

posits along  the  eastern  slopes  of 
the  Welsh  mountains,  and  on  the 
existence  of  drift -zones,  showing- 
probable  variations  in  the  rate  of 
submergence,  351. 

Mammalian  jaw,  Mr.  E.  W.  Wil- 
lett  on  a,  from  the  Purbeck  beds  at 
Swanage,  376. 

Manchhar  series  of  Sind,  196 ;  equi- 
valence of  the,  and  the  Sivalik  group 

of  the  Himalayas,  202. 
Map  of  country  near  Neuvizy,  502; 

round  Verdun,  507  ;  round  St.  Mi- 
hiel,  511 ;  between  the  Meuse  and 
Ornain,  514 ;  of  part  of  the  valley 
of  the  Bognon,  518 ;  of  part  of  the 
Marne  valley,  520 ;  of  the  valley  of 
the  Aube,  526 ;  of  part  of  the  val- 

ley of  the  Laignes,  528 ;  of  the  val- 
ley of  the  Armangon,  531 ;  of  the 

Yonne  valley  south  of  Auxerre,  534 ; 
of  the  Loire  valley  between  San- 
cerre  and  La  Charite,  538  ;  of 
country  round  Bourges,  540 ;  of  the 
coast  round  the  Pertuis  d'Antioch, 

544;  of  the  coast  near  Trouville, 
548 ;  of  part  of  the  Pays  de  Bray, 
556 ;  of  part  of  the  Boulonnais, 
559. 

Map  of  part  of  British  Columbia,  278. 
Map  of  part  of  the  Yellowstone  Park, 

400. 
Map  of  the  coast  at  Bhmdellsands, 

near  Liverpool,  436. 
Map  of  the  Durness  area,  240. 
Market  Easen,  pisolitic  iron-ore  from. 

18. 
Marl,  Chloritic,  and  Upper  Green- 

sand,  of  the  Isle  of  Wight,  Mr.  Par- kinson on,  370. 
Marne  valley,  map  of  part  of  the,  520. 
Maryport,  interglacial  deposit  at,  36. 
May-hill  sandstone,  constitution  of,  8. 
Megalosaurus  pannoniensis,  670. 
Melin  Carnau,  42. 
Melin  pant  y  gwyda,  structure  of 

chlorite-schist  from,  234. 
Membranipora  argus,  324. 

 catenularia,  323. 
 concamerata,  324. 
 cylindriformis,  323. 
 geminata,  325. 
 lineata,  323. 
 lusoria,  324. 
 macrostoma,  323. 
 maorica,  325. 

Menai  anticline,  211. 
Mesocrinus  suedicus,  130. 
Metalliferous  slate  group,  145,  152. 
Metalliferous  slates,  164. 
Meteorites,  Dr.  Otto  Hahn's  remarks 

on  microscopic  sections  of,  Proc.  7. 
Meuse,Upper  J urassic  rocks  of  the,  505. 
Meuse  and  Ornain,  map  of  country 

between  the,  514. 
Micklethwaite,  section  through,  296. 
Microlestes  quarry  at  Hoi  well,  69. 
Micropora  patula,  326. 
Microporetta  cenigmatica,  331.  clavata,  332. 

 cosci?iopora,  331. 
 elevata,  330. 
 ferrea,  330. 
 symmetrica,  332.  violacea,  329. 
 yarraensis,  331. 

Microscopic  characters  of  volcanic 
rocks  from  Montana,  398. 

Microscopic  structure  of  some  Angle- 
sey rocks,  Prof.  T.  G.  Bonney  on 

the,  233. 
Middle  Headon  beds,  92  ;  of  Warden 

cliff,  100  ;  of  Colwell  Bay,  101 ;  of 
Whitecliff  Bay,  108. 

Millet-seed  beds,  12,  26. 
Millstone-grit  Sandstone,  from  Brig- 
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ham,  constitution  of,  11 ;  analysis 
of,  21, 

Minera  and  Llangollen,  high  -  level 
deposits  between,  350. 

Mochlodon  Suessii,  624. 
Moel  Morfydd,  section  from  Nant 

Llechos,  near  Corwen,  to,  487. 
Moel  Tryfan,  shelly  deposits  of,  351  ; 

deposition  of,  during  submergence, 
353 ;  identification  of  local  and 
erratic  stones  in,  353  ;  arrangement 
of  the  gravel  and  sand  in,  353  ; 
position  of  boulders  in,  354;  bent 
and  shattered  edges  of  slaty  laminae 
in,  354,  368  ;  origin  of  shells  of, 
355  ;  section  of  laminated  sand  and 
bent  slates  on,  355. 

Moel-Tryfan  shelly  deposits  and  simi- 
lar high-level  deposits  on  the  Welsh 

mountains,  Mr.  Mackintosh  on  the, 
351. 

Montana,  U.  S.  A.,  Mr.  F.  Eutley  on 
the  vitreous  rocks  of,  391. 

 ,  Mr.  J.  Eccles  on  some  volcanic 
rocks  of,  391. 

 ,  microscopic  characters  of  vol- 
canic rocks  from,  398. 

Moore,  C,  Esq.,  on  abnormal  geologi- 
cal deposits  in  the  Bristol  district, 

67. 
Morben  quarry,  Machynlleth,  fruits 

from,  153. 
MucroneUa  duplicata,  328. 

 elegans,  329. 
 mucronata,  328. 

Murchison  Fund,  presentation  of  the 
Balance  of,  to  Frank  Eutley,  Esq., 
Proc.  34. 

Murchison  Medal,  presentation  of, 
to  Prof.  Archibald  Geikie,  Proc. 
29. 

Mynydd  Llwydiarth,  gneiss  of,  212. 
Mynydd  Mechell,  chloritic  schists  of, 

222. 

Nant  Cader,  section  through,  159. 
Nant  Llechos,  near  Corwen,  section 

from,  to  Moel  Morfydd,  487. 
Nari  series,  195  ;  Corals  of,  200. 
Nebo,  220. 
Nemacanthus  minor,  419. 
Nematophycus  Hicksii,  494. 
Neocomian  rocks,  Prof.  Seeley  on  a 

small  Lizard  from  the,  of  Comen, 
near  Trieste,  52. 

Nettlebury  Quarry,  78. 
Neue  Welt,  Prof.  Suess  on  the  Gosau 

beds  of  the,  702. 
Neuvizy,  map  of  country  near,  502. 
New  Brunswick,  plants  from  the  De- 

vonian of  St.  John,  303. 

New  Forest,  Brockenhurst  zone  in  the, 
109. 

New  York,  plants  from  the  Devonian 
of,  299,  303. 

Nicols  Eiver,  British  Columbia,  273. 
Nievre,  Upper  Jurassic  rocks  of,  537. 
Normandy,  Upper  Jurassic  rocks  of, 

547. 
Northern  area  of  Anglesey,  221. 
North-western  area  of  Anglesey,  224. 

Oborne,  near  Sherborne,  vertical  sec- 
tion of  Inferior  Oolite  at,  589. 

Obsidian,  devitrified,  405,  411. 
Obsidian  from  the  Yellowstone  dis- 

trict, 392;  black,  391  ;  felspar  crys- 
tals in,  392;  black  spherulitic,  393  ; 

spherulitic-banded,  393  ;  black  por- 
phyritic,  394. Obsidian  from  Tolcsva,  Hungary,  406. 

Obsidian  tuff,  areas  of  depolarization 
fromstrain  in  perlitic  bodies  in,  396. 

Odontocaulis  Keepingii,  176. 
Odontopteris  squamosa,  305. 
Okanagan  valley,  British  Columbia, 

273,  275. 
Oldham,  Mr.  Hollingworth  on  a  peat 

bed  inter  stratified  with  the  Boulder- 
drift  at,  713. 

Oligosaurus  adelus,  678. 
Oolite,  Mr.  J.  Buckman  on  some  Am- 

monites from  the  Inferior,  of  Dorset 
and  Somerset,  57. 

 ,  Inferior,  of  Dorset,  Mr.  S.  S. 
Buckman  on  some  Ammonites  from 
the,  588. 

  and  Lias,  Mr.  G.  E.  Vine  on 
Diastoporidas  from  the,  381. 

Oolitic  remains  at  Westbviry-on-Trym, 

77. Oppelia  subcostata,  606.  subradiata,  606. 
 Truellii,  606. 

Ormskirk,  constitution  of  Sandstones 
from  Town  Green,  near,  14. 

Orne  and  Sarthe,  Upper  Jurassic  rocks 
of  the,  547. 

Ornithocheirus  Biinzeli,  701. 
Ornithomerns  gracilis,  671. 
Osborne  Beds  at  Cliff  End,  104. 
Owen,  Prof.,  on  the  parts  of  the  Ske- 

leton of  an  Anomodont  Eeptile 
{Platypodosaurus  robustus,  Owen), 
Part  II.  The  Pelvis,  266. 

 ,  on  the  Order  Therodontia,  with 
a  description  of  a  new  genus  and 
species  {Mlurosaurus  felinus,  Ow.), 261. 

Oxfordian  of  the  Paris  basin  and 
England,  567. 

Pachytheca,  484,  492, 
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Palaosaurus  StricMandi,  420. 
Paris  Basin,  Rev.  J.  F.  Blake  on  the 

Upper  J urassic  of  the,  497. 
Paris  Mountain,  area  south  of,  220 ; 

Mr.  Allport  on  rocks  from,  220 ; 
volcanic  group  of,  221. 

Parkhead,  sandstone  from,  12. 
Parkinson,  0.,  Esq.,  on  Upper  Green- 

sand  and  Chloritic  Marl,  Isle  of 
Wight,  370. 

Patagonian  archipelago,  Soil-cap  mo- 
tion in  the,  348. 

Pays  de  Bray,  Upper  Jurassic  rocks  of 
the,  554 ;  map  of  part  of  the,  556. 

Peace  River,  British  Columbia,  276. 
Peat-bed    interstratified    with  the 

Boulder  -  drift    at   Oldham,  Mr. 
Hollingworth  on  a,  713. 

Pelvis,  Prof.  Owen  on  the,  of  an  Ano- 
modont  Reptile,  266. 

Pen    bryn'r   Eglwys,    section  from 
Porth-y-defaid  to,  224  ;  structure  of 
granitoid  gneiss  from,  235. 

Pen  Rhiev  Wen,  section  through,  143. 
Penrith  Sandstone,  287. 
Pentewan,  shore-sand  from,  19,  25. 
Pentraeth,    gneiss    south   of,   211  ; 

structure  of  crystalline  limestone 
from  near,  235,  236. 

Pen-y-Oarnisiog,  Anglesey,  Prof.  T.  G-. 
Bonney  on  a  boulder  of  hornblende 
picrite  near,  137. 

Perisphinctes  Martinsii,  601. 
 pygmeeum,  601 . 

Permian,  Lower,  of  the  Carlisle  basin, 
287. 

Permian,  Upper,  of  the  Carlisle  Basin, 
286. 

Permian  rocks,  of  the  Carlisle  Basin, 
Mr.  T.  V.  Holmes  on  the,  286 . 

Permian  Sandstones,  constitution  of, 
12,  25. 

Perranzabuloe,  constitution  of  grit 
from,  10. 

Pertuis  d'Antioch,  map  of  the  coast round  the,  544. 
Phillips,  J.  A.,  Esq.,  on  the  occurrence 

of   remains  of  recent   plants  in 
brown  iron-ore,  1, 

 ,  on  the  constitution  and  his- 
tory of  grits  and  sandstones,  6. 

Picrite,    hornblende,    Prof.    T.  Gr. 
Bonney  on  a  boulder  of,  137. 

Pikermi,  206. 
Pisolitic  iron-ores,  18. 
Plan  of  limestone  and  quartzite  at 

Inchnadamff,  243  ;  of  part  of  Rio 
Tinto,  3. 

Plants,  Dr.  Hicks  on  the  remains  of 
some,  near  Corwen,  North  Wales, 
482. 

Plasgoch,  section  in  quarry  at,  44 ; 
analyses  of  rocks  from,  45,  note ; 
microscopic  character  of  rock  from, 
46. 

Plastremys  lata,  370. 
Plas  uchaf,  220. 
Platypodosaurus  robushcs,  Prof.  Owen 

on  the  pelvis  of,  266. 
Plesiosaurus  brachycephalus,  476. 

 conybeari,  440. 
 megacephalus,  440. 

Plcuropeltus  Suessii,  693. 
Plynlimmon,  vertical  section  of  Silu- rian rocks  at,  164. 
■  grits,  162. 

 group,  156. 
Point  JElianus,  structure  of  slaty  rock 

from,  235. 
Pont  Cletwr  Yspytty,  constitution  of 

grit  from,  9.   Erwycl,  fossils  from  near,  152 ; 
section  from,  through  the  Plyn- 

limmon axis  to  Llangwrig  and 
Rhyader,  159. 

Pont  ur  Elan,  section  through, 
143. 

Pont-y-Gromlech,  felsite  schist  from 
near,  405. 

Popty,  section  through,  143. 
Porella  denticulata,  336. 

 emendata,  336. 
Porina  clypeata,  332. 

 columnata,  334. 
 coronata,  332. 

Porthdinlleyn,  Prof.  Bonney  on  the 
so-called  serpentine  of  (Caernarvon- shire), 40. 

Porth  feiin,  structure  of  chlorite- 
schist  from,  234. 

Porth  lygan,  220. 
Porth  JNTobla,  coast-section  from,  to 

AberfFraw  sands,  216. 
Porth-y-defaid   fault,   224 ;  section 

from,  to  Pen  bryn'r  Eglwys,  224 ; 
structure  of  chlorite  -  schist  from, 
234. 

Porth-yr-Ogof  fault,  226 ;  structure 
of  chlorite-schist  from,  234. 

Portlandian  of  the  Paris  basin  and 
England,  585. 

Post-Tertiary  sands,  constitution  of, 19. 
Psaronius  textilis,  307. 
Purbeck  beds,  Mr.  R.  Ethe  ridge  on  a 

new  species  of  Trigonia  from  the, 
of  the  Vale  of  Wardour,  246. 

Purbeck  beds  at  Swanage,  Mr.  E.  W. 
Willett  on  a  mammalian  jaw  from 
the,  376. 

Quartzite  and  sandstone  fossiliferous 
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pebbles  in  the  drift  in  Warwick- 
shire, Rev.  P.  B.  Brodie  on  certain, 

430. 
Quartzite  of  Durness,  242. 
Quartz   rhyolite,   from  Yellowstone 

Canon,  395 ;  from  Gardiner's  River, 396. 
Quartz-schist  from  Holyhead  Moun- 

tain, 226 ;  of  the  Llangefni  area, 
217. 

  of  Anglesey,  Prof.  Bonney  on 
the  characters  of,  232. 

Queen -Charlotte  Islands,  glaciation  of 
the,  280. 

Ranikot  series,  193;  corals  of,  197. 
Reade,  T.  M.,  Esq.,  on  the  date  of  the 

last  change  of  level  in  Lancashire, 
436. 

Recent  plants  in  brown  iron-ore,  Mr. 
J.  A.  Phillips  on  the  occurrence  of 
remains  of,  1. 

Reptile  fauna  of  the  Gosau  formation, 
Prof.  Seeley  on  the,  620. 

Reptilia,  age  of  the  Bristol,  80. 
Betepora  marsupiata,  342. 

 rimata,  343. 
Ehadinosaurus  alcimus,  675. 
Rhastic  bone-bed  near  Clifton,  75. 
Rhsetic  remains  in  alluvial  veins  in 

the    Carboniferous    of  Durdham 
Down,  73. 

Rheda,  Cumberland,  constitution  of 
St.-Bees  sandstone  of,  12. 

Rhodes  Bank,   Oldham,   section  of 
boulder-clay    with    inter  stratified 
peat  near,  713. 

Rhosbeirio  shales,  223. 
Rhoscolyn,  serpentine  from  near,  40, 42. 

 church,  quartz-schist  from,  233. 
 district,  contortion  of  rocks  in, 

227. 
Rhyader,  section  through,  143;  sec- 

tion from  Pont  Erwyd  through  the 
Plynlimmon  axis  to  Llangwrig  and, 
159 ;  vertical  section  of  Silurian 
rocks  at,  164. 

Rhyolite,  quartz,  from  Gardiner's River,  396 ;  from  Yellowstone 
Canon,  395. 

 from  Clogwyn  d'ur  Arddu,  405. Rio  Tinto,  remains  of  recent  plants  in 
brown  iron-ore  at,  1. 

 ,  plan  and  section  of  part  of,  3. 
 ,  analysis  of  iron-ore  from,  4. 

Rocks,  Anglesey,  Prof.  T.  G.  Bonney 
on  some,  232. 

 ,  devitrified,  Mr.  F.  Rutley  on, 
from  Beddgelert  and  Snowdon, 
403. 

Rocks,  eruptive,  Mr.  F.  Rutley  on  the, 
of  Skomer  Island,  409. 

 ,  serpentine  and  associated,  Prof. 
Bonney  on  the,  of  Anglesey,  40. 

 ,  vitreous,  Mr.  F.  Rutley  on  the, 
of  Montana,  U.  S.  A.,  391. 

 ,  volcanic,  Mr.  Eccles  on  some. 
of  Montana,  U.  S.  A.,  399. 

Rognon,  map  of  part  of  the  valley  of 
the,  518. 

Roydon   brickyard,  section  in,  113, note. 
 zone,  113. 

Runcorn  station,  constitution  of  sand- 
stone from,  15. 

Rutley,  Frank,  Esq.,  presentation  of 
the  balance  of  the  Murchison  Fund 
to,  Proc.  34. 

 ,  on  the  microscopic  characters 
of  the  vitreous  rocks  of  Mon- 

tana, U.  S.  A.,  with  an  appendix  by 
Mr.  J.  Eccles,  391. 

 ,  on  the  microscopic  structure  of 
devitrified  rocks  from  Beddgelert 
and  Snowdon,  with  an  appendix  on 
the  eruptive  rocks  of  Skomer  Island, 
403. 

St.  Allen,  constitution  of  grit  from, 10. 

St.  Austell,  constitution  of  grits  from 
near,  9,  25. 

 river,  sands  of,  21. 
St.  Bees,  interglacial  deposits  at,  35. 

 sandstone,  286 ;  constitution  of, 12. 

St.  Ewe,  constitution  of  grits  from,  9. 
St.  John,  New  Brunswick,  plants  from 

the  Devonian  of,  303. 
St.  Mihiel,  map  of  country  round, 

511. 
Sancerre,  map  of  the  Loire  between 

La  Charite  and,  538. 
Sands,  water-borne,  examination  of, 21. 

Sandstone  and  quartzite  fossiliferous 
pebbles  in  the  drift  in  Warwickshire, 
Rev.  P.  B.  Brodie  on,  430. 

Sandstones,  Mr.  J.  A.  Phillips  on  the 
constitution  and  history  of,  6. 

Sango  Bay,  gneiss  of,  241. 
Sarthe  and  Orne,  Upper  Jurassic  rocks of  the,  547. 
Schist,  dark,  of  the  Llangefni  area, 

218 ;  of  Glanrhyd,  219. 
Schists  of  Holyhead  island,  micro- 

scopic characters  of,  47. 
Schizoporella  amphora,  341 . 

 australis,  341. 
 conservata,  340. 
 excubans,  341. 
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Schizoporella  fenestra ta,  339. 
 phymatopora,  338. 
 spiroporina,  340. 
 mbmcrsa,  340. 
 ventricosa,  338. 
 vigilans,  338. 
 sp.,  339. 

Scotland,  Devonian  plant  from,  306. 
 ,  South,  vertical  section  of  Silu- 

rian rocks  in,  1 64- 
Sections :- — of  part  of  Eio  Tinto,  3 ;  of 

junction  of  schist  and  serpentine, 
41 ;  of  quarry  at  Ceryg  Moelion, 
43 ;  of  quarry  at  Plas  Goch,  44 ; 
at  the  edge  of  Durdharu  Down,  70 : 
of  Thecodontosaurus-bed  of  Durdliam 
Down,  73 ;  vertical,  at  north-east 
corner  of  Headon  Hill,  91 ;  vertical, 
of  Lower  Headon  (freshwater)  beds 
exposed  between  Weston  Chine  and 
Warden  Cliff,  98  ;  vertical,  of  Up- 

per Headon  beds  in  Colwell  Bay, 
103 ;  from  Aberystwith  to  the  Devil's Bridge,  143;  from  Cwm  Ystwyth, 
through  Craig  Bluest,  to  Ehyader 
and  Gwastaden,  143 ;  in  railway- 
cutting  between  Traws  Coed  and 
Caradoc  waterfall,  155 ;  from  Pont 
Erwyd  through  the  Plynlimmon 
axis  to  Liang wrig  and  Ehyader, 
159 ;  from  Strata  Florida  and  the 
Teifi  pools  to  Ehyader  and  Gwas- 
taden,  159;  showing  general  struc- 

ture of  Central  Wales,  160;  through 
the  Dovey  valley  at  Llan  y  Mowd- 
dwy,  163 ;  vertical,  of  Silurian 
rocks  in  the  English  lake-district, 
South  Scotland,  South-west  Cardi- 

ganshire, at  Ehyader,  west  of  Llan- 
deilo,  at  Aberystwyth  and  Plynlim- 

mon, Llanbrynmaer,  and  Llan  y 
Mowddwy,  and  in  the  Clwydd  yal- 
ley,  164 ;  through  Barrah  Hill,  194 ; 
of  the  Khirthar  range,  on  the  north 
bank  of  the  Gaj  river,  194;  above 
Inchuadamff  church,  242;  of  Pur- 
beck  beds  in  a  railway-cutting  west  of 
Dinton  Station,  Yale  of  Wardour, 
252;  from  the  Solway,  north  of 
Allonby,  to  near  Brampton,  296; 
from  Solway  Moss  to  Dalston,  296  ; 
from  Tordoff  Point,  Dumfriesshire, 
to  the  fault  south  of  Wigton.  296 ; 
of  laminated  sand  and  bent  slates 
on  Moel  Tryfan,  355 ;  of  drift-de- 

posits between  Braich  and  the  sum- 
mit of  the  ridge,  Frondeg,  Denbigh- 

shire, 367 ;  of  Upper  Greensand 
and  chloritic  marl,  St.  Lawrence 
and  Ventnor,  Isle  of  Wight,  374; 
at  Blundellsands,  near  Liverpool, 

437 ;  from  Nant  Llechos,  near  Cor- 
wen,  to  Moel  Morfydd,  487;  of 
boulder-clay  with  interstratified 
peat,  near  Ehodes  Bank,  Oldham, 

713. Seeley,  Prof.  H.  G.,  on  remains  of  a 
small  lizard  from  the  Neocomian 
rocks  of  Comen,  near  Trieste,  pre- 

served in  the  Geological  Museum  of 
the  University  of  Vienna,  52. 

 ,  on  the  reptile  fauna  of  the 
Gosau  formation,  preserved  in  the 
Geological  Museum  of  Vienna,  620. 

 ,  on  the  caudal  vertebra  of  a  Ce- 
tacean, discovered  by  Prof.  Judd  in 

the  Brockenhurst  beds,  indicative  of 
a  new  type  allied  to  Baleenoptera 
(Balcsnoptera  Juddi)  709. 

Selenaria  alata,  344. 
 marginata,  344. 

Serpentine,  Prof.  Bonney  on  the  so- 
called,  of  Porthdinlleyn  (Caernar- vonshire), 40. 

 ,  Prof.  Bonney  on  the,  of  An- 
glesey, 40. Sevenoaks  stone,  constitution  of,  16. 

Shalk  Beck,  Yoredale  grit  from,  con- 
stitution of,  11 ;  analysis  of,  21. 

Shells,  of  Moel-Tryfan  deposit,  origin 
of  the,  355. 

Sherborne,  vertical  section  of  Inferior 
Oolite  at  Oborne,  near,  589. 

Shrubsole,  Mr.  W.,  on  the  Carboni- 
ferous Fenestellida?,  178. 

Silurian  grits  and  sandstones,  7,  25. 
 formation,  Mr.  W.  J.  Sollas  on 

Astroconia  Granti,  from  the.  of 
Canada,  254. 

 uniserial  Stomatoporas  and  Asco- 
dictya,  Mr.  Vine  on,  613. 

Sind,  Prof.  P.  M.  Duncan  on  the  co- 
ralliferous  series  of,  190. 

 ,  Western,  Table  of  formations  in, 
192. 

Sivalik  group,  equivalence  of  the 
Manchhar  series  of  Sind  with  the, 
202. 

Skomer  Island,  Mr.  F.  Eutley  on  the 
eruptive  rocks  of,  409. 

Slaty  laminee,  bent  and  shattered  edges 
of,  at  Moel  Tryfan,  354,  368. 

 rocks  of  Anglesey,  Prof.  Bonney 
on  the  structure  of,  234. 

 series  of  Anglesey,  geographical 
distribution  of,  229. 

    of  the   central  zone  of 
Anglesey,  218. 

 of  the  Menai  anticline,  213 ; 
of  the  Llangefni  syncline,  214. 

Smith,  Dr.  William,  presentation  of 
portrait  of,  Proc.  2. 
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Smittia  anceps,  337. 
 centralis,  337. 

 ,  var.  laevigata,  337. 
 Tatci,  337. 

Snowdon  and  Beddgelert,  Mr.  F. 
Rutley  on  devitrified  rocks  from, 
403. 

Soilcap-motion,  Mr.  R.  W.  Coppinger 
on,  348. 

Sollas,  Prof.  W.  J.,  on  Adroconia 
Granti,  a  new  Lyssaldne  Hexacti- 
nellid  from  the  Silurian  formation 
of  Canada,  254. 

 ,  on  a  new  species  of  Plesiosaurus 
(P.  Conybeari)  from  the  Lower  Lias 
of  Charmouth,  with  observations  on 
P.  megacephalus,  Stutchbury,  and 
P.  brachycephalus,  Owen,  440. 

Solway,  section  from  the,  to  near 
Brampton,  296. 

Solway  Moss,  section  from,  to  Dalston, 
293. 

Somerset,  Mr.  J.  Buckman,  on  some 
Ammonites  from  the  Interior  Oolite 
of  Dorset  and,  57. 

South  Thompson  valley,  British  Co- 
lumbia, 275. 

Spheeroceras  Brongniarti,  596. 
 dimorphum,  598. 
 Gervillii,  597. 

■  Mantellii,  597. 
 polymorphum,  598. 
 Wrightii,  598. 

Sphenonchus  obtusus,  420. 
Spherulitic  rock,  devitrified,  from 

Beddgelert,  403. 
 from  the  Lower  Geyser 

basin,  395. 
 from  the  Yellowstone  dis- 

trict, 394. 
Spinkwell  quarry,  constitution  of Coal-measme  sandstone  from,  11  ; 

analysis  of,  21. 
Spirophyton,  303. Stanwix,  section  through,  296. 
Stanwix  marls,  292,  295. 
Stedd  fa  Gurig,  section  through,  159. 
Stephanoceras  Braikenridgii,  595. 

 Deslougchampsii,  594. 
 Humphriesianum,  594. 
 linguiferuin,  595. 
 polymerum,  596. 
 zigzag,  596. 

Stiper  stone,  constitution  of,  7,  25. 
Stomatopora,  Mr.  F.  D.  Longe  on 

some  specimens  of,  from  the  Wen- lock  limestone,  Proc.  239. 
Stomatopora  dissimilis,  615. 

 fnnata,  615. 
Stomatoporas  and  Ascodictya,  Mr. 

G-.  R.  Vine  on,  613. 

Stonyhough,  constitution  of  coal- 
measure  sandstone  from,  11. 

Stow-on-the-Wold,  constitution  of 
Liassic  sand  from,  16. 

Strata  Florida  rock,  1 54. 
Struthiosaurus  anstriacus,  628. 
Submerged  forests,  so-called,  of  West 

Cumberland  and  North  Lancashire, 37. 

Submergence,  deposition  of  Moel-Try- 
fan  shelly  beds  during,  353. 

 ,  Mr.  D.  Mackintosh  on  drift- 
zones  and  probable  variations  in  the 
rate  of,  357. 

 ,  rate  of,  in  Denbighshire,  362. 
Suess,  Prof.  B.,  on  the  Gosau  beds  of 

the  Neue  Welt,  west  of  Wiener 
Neustadt,  702. 

Superficial  geology  of  British  Colum- 
bia and  adjacent  regions,  Dr.  G. 

Dawson  on,  272. 
Swanage,  Mr.  B.  W.  Willett  on  a 
mammalian  jaw  from  the  Purbeck 
beds  at,  376. 

Sweden,  Mr.  P.  H.  Carpenter  on  two 
newCrinoids  from  the  tapper  Chalk 
of  Southern,  128. 

T'ang  Shan,  Mr.  Carrall  on  some  fossils found  in  carboniferous  rocks  at,  83. 
Tan  y  graig,  Pentraeth,  structure  of 

crystalline  limestone  from,  236. 
Tau  isa,  Cemmaes,  structure  of  crys- 

talline limestone  from,  236. 
Tawney,  E.  B.,  Esq.,  and  H.  Keeping, 

Esq.,  on  the  beds  at  Head  on  Hill  and 
Colwell  Bay  in  the  Isle  of  Wight, 
85. 

Teifi  pools,  section  from,  to  Gwasta- den,  159. 
Terraces  in  British  Columbia,  274. 
Tertiary  sandstones  and  grits,  consti- 

tution of,  18. 
Thames  valley,  sands  of  the,  19. 
Thecodontosaurus-bed  of  Durdham 

Down,  73. 
Theriodontia,  Prof.  Owen  on  Mluro- 

saitrus  felinus,  a  new  species  and 
genus  of,  261. Thornbury  railway,  Secondary  veins 
on,  79. 

Thornby,  section  through,  296. 
Tilgate  sandstone,  constitution  of,  16. 
Tolcsva,  Hungary,  deep  red  obsidian 

from,  406. 
Tonnerre,  map  of  the  valley  of  the 

Armancon,  north  of,  531. 
Tordoff  point,  section  from,  to  the 

fault  south  of  Wigton,  296. 
Town  Green,  near  Ormskirk,  consti- 

tution of  sandstone  from,  14. 
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729 Trachyte,  quartz-oligoclase,  from  Sko- 
mer  Island,  411. 

Traquair,  Dr.  R.  H.,  award  of  the 
Wollaston  Donation  Fund  to,  Proc. 

33- Traws  Coed  and  Caradoc  waterfall, 
section  in  railway-cutting  between, 155. 

Triassic  rocks  of  the  Carlisle  basin, 
Mr.  T.  V.  Holmes  on  the,  286. 

Triassic  sandstones,  constitution  of, 
12,  25,  26. 

Triconodon  mordax,  378. 
Trieste,  Prof.  Seeley  on  the  remains  of 

a  small  Lizard  from  the  Neocomian 
rocks  of  Conien,  near,  52. 

Trigonia,  Mr.  R.  Etheridge  on  a  new 
species  of,  246. 

 densinoda,  246. 
Trouville,  map   of  the  coast  near, 

548. 
Tubutella  ambigua,  71,  80. 
Tuff,  vitreous,  from  the  Lower  Geyser 

basin,  Yellowstone  district,  396. 
Ty  Croes,  section  on  the  railway  from, 

to  Bodorgan,  217  ;  structure  of  rock 
from,  233. 

Tyddyn  Gob,  41,  47. 
Ty  Newydd,  40  ;  microscopic  character 

of  rock  from,  46 ;  analysis  of  ser- 
pentine from,  46,  note. 

Ty  LTcha,  41 ;  microscopic  characters 
of  rock  from,  45. 

Upper  Greensand,  Mr.  Parkinson  on 
the,  and  chloritic  marl,  Isle  of 
Wight,  370. 

Upper  Headon  beds,  92 ;  of  Colwell 
bay,  102. 

Upper  Jurassic  rocks  of  England,  Rev. 
J.  F.  Blake  on  the  correlation  of  the, 
with  those  of  the  continent,  497. 

Upper  Mottled  Sandstones,  12,  14. 
Upper  Permian  of  the  Carlisle  basin, 

286. 

Veins,  alluvial,  with  Liassic  and  Rhse- 
tic  remains,  in  the  carboniferous  of 
Durdham  Down,  73. 

Verdun,  map  of  the  country  round, 
507. 

Vertebra,  caudal,  of  a  Cetacean,  Prof. 
Seeley  on  the,  709. 

Victoria,  Mr.  A.  W.  Waters  on  fossil 
Chilostomatous      Bryozoa  from 
South-west,  309. 

View  of  perched  gravel-mound  on 
Halkin  Mountain,  358. 

Vine,  G.  R.,  Esq.,  presentation  of  one 
moiety  of  the  Lyell  Geological  Fund 
to,  Proc.  35. 

Q.  J.  G.  S.  No.  148. 

Vine,  G.  R.,  Esq.,  on  the  Family  Dias- 
toporiclaa,  Busk: — species  from  the Lias  and  Oolite,  381. 

 ,  on  Silurian  uniserial  Stomato- 
poras  and  Ascodictya,  613. 

Vitreous  rocks,  Mr.  F.  Rutley  on,  of 
Montana,  U.  S.  A.,  391. 

Volcanic  group  of  Paris  Mountain, 221. 
 rocks  from  Montana,  microscopic 

characters  of,  398. 
 of  Montana,  U.  S.  A.,  Mr. 

Eccles  on  some,  399. 

Wales,  Central,  diagram  of  the  general 
structure  of,  160. 
 ,  ,  Mr.  W.  Keeping  on  the 

geology  of,  141. 
 ,  North,   Dr.  Hicks  on  some 

remains  of  plants  in  the  Denbigh- 
shire grits  at  Corwen,  482. 

Walney,  interglacial  deposit  at,  34. 
Warden  cliff,  Lower  Headon  beds  of, 

97  ;  Middle  Headon  beds  of,  100. 
    and  Weston  chine,  verti- 

cal section  of  Lower  Headon  (fresh- 
water) beds  exposed  between,  98. 

Wardour,  Mr.  R.  Etheridge  on  a  new 
species  of  Trigonia  from  the  Pur- 
beck  beds  of  the  vale  of,  246. 

Warwickshire,  Rev.  P.  B.  Broclie  on 
quartzite  and  fossiliferous  pebbles 
in  the  drift  in,  430. 

Water-borne  sands,  examination  of,  21. 
Waters,  A.  W.,  Esq.,  on  fossil  Chilo- 

stomatous Bryozoa  from  South-west Victoria,  309. 
Waterstone  beds,  constitution  of,  15. 
Welsh  mountains,  Mr.  Mackintosh  on 

Moel-Tryfan  shelly  deposits  and 
similar  high-level  deposits  on  the, 
351. 

Wenlock  limestone,  Mr.  F.  D.  Longe 
on  some  specimens  of  Diastopora 
and  Stomatopora  from  the,  Proc. 
*39- 

Westbury-on-Trym,  carboniferous 
limestone  With  minerals  and  oolitic 
remains,  77. 

Western  area  of  Anglesey,  225. 
Weston  chine,  Lower  Heaclon  beds  of 

the    cliff   between,   and  Wid click 
chine,  96. 

 and  Warden  cliff,  vertical 
section  of  Lower  Headon  (fresh- 

water) beds  exposed  between,  98. 
Whidborne,  G.  F.,  Esq.,  on  the  genus 

Plesiosaurus,  440. 
Whitecliff  bay,  Middle  Headon  of, 

108 ;  Brockenhurst  zone  at,  109. 
Widdick  chine,  Lower  Headon  beds  of 

3d 
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the  cliffs  between,  and  Weston  chine, 
96. 

Wigton,  section  from  Solway  Moss  to 
the  fault  south  of,  296. 

Willett,  E.  W.,  Esq.,  on  a  mammalian 
jaw  from  the  Purbeck  beds  at 
Swanage ;  with  a  note  by  H.  Wil- 

lett, Esq.,  376. 
Wollaston  Donation  Fund,  award  of 

the,  to  Dr.  R.  H.  Traquair,  Proc.  33. 
Wollaston  Medal,  presentation  of,  to 

Prof.  P.  Martin  Duncan,  Proc.  28. 
Wvke  quarry,  vertical  section  of  In- 

ferior Oolite  at,  589. 

Yate  rock,  78. 

Yeathouse,  sandstone  from,  12. 
Yellowstone   canon,  quartz  rhyolite 

from,  395. 
— ■ —  district,  vitreous  tuff  from  the 

Lower  Geyser  basin,  396  ;  spheru- 
litic  rock  from,  394  ;  obsidian  from, 
391-394. 

 park,  map  of  part  of,  400. 
Y  Foel,  section  through,  159. 
Ynyslas.  42. 
Yonne,  Upper  Jurassic  rocks  of  the, 

530. 
  valley,  map  of  the,  south  of 

Auxerre,  534. 
Yoredale  grit,  from  Shalk  Beck,  con- 

stitution of  11 ;  analysis  of,  21. 
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PROCEEDINGS 

OE  THE 

GEOLOGICAL   SOCIETY  OF  LONDON. 

SESSION  1880-81. 

November  3,  1880. 

Robert  Etheridge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Bernard  Barham  Woodward,  Esq.,  19  Stowe  Road,  Shepherd's 
Bush,  W.,  was  elected  a  Fellow  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  specimens  were  presented  to  the  Museum : — 

Twenty  specimens  of  Carboniferous  Limestone  Fossils  from  Flat- 
head River,  Rocky  Mountains  (49th  Parallel  N.W.  America),  pre- 

sented by  H.  Bauerman,  Esq.,  F.G.S. 

The  President  announced  that  the  original  portrait  of  Dr.  William 
Smith,  painted  by  M.  Fourau  in  the  year  1837,  had  been  presented 
to  the  Society  by  William  Smith,  Esq.,  of  Cheltenham. 

The  following  communications  were  read : — 

1.  "  On  the  Serpentine  and  Associated  Rocks  of  Anglesey,  with  a 
Note  on  the  so-called  Serpentine  of  Porthdinllevn  (Caernarvonshire)." 
By  Prof.  T.  G.  Bonney,  M.A.,  F.R.S.,  Sec.  G.S. 

2.  "  Note  on  the  Occurrence  of  Remains  of  Recent  Plants  in 
Brown  Iron-ore."    By  J.  Arthur  Phillips,  Esq.,  F.Gr.S. 

3.  "  Notes  on  the  Locality  of  some  Fossils  found  in  the  Carboni- 
ferous Rocks  at  T'ang  Shan,  situated,  in  a  N.N.E.  direction,  about 

120  miles  from  Tientsin,  in  the  province  of  Chih  Li,  China."  By 
vol.  xxxvii.  a 
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James  W.  Carrall,  Esq.,  F,Gr.S.  "With  a  Note  by  ¥m.  Carruthers, Esq.,  F.E.S.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Eock-sections  and  specimens  of  rocks  from  Anglesey  and  Porth- 
dinlleyn,  exhibited  by  Prof.  T.  G.  Bonney  in  illustration  of  his 

paper. 
Remains  of  recent  plants  in  brown  iron-ore,  exhibited  by  J. 

Arthur  Phillips,  Esq.,  in  illustration  of  his  paper. 

Carboniferous  plant-remains,  from  T'ang  Shan,  Chih  Li,  China, 
exhibited  by  J.  W.  Carrall,  Esq.,  in  illustration  of  his  paper. 

Sections  of  Devonian  Corals,  Agates,  and  Mocha  Stones,  exhibited 
by  S.  H.  Needham,  Esq.,  to  illustrate  a  new  method  of  mounting 
large  sections  of  fossils,  and  minerals,  and  other  natural-history 
objects  (such  as  Lepidoptera),  so  as  to  exhibit  both  the  upper  and 
under  surfaces  at  one  view. 

November  17,  1880. 

Robert  Etheridge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Prof.  Joseph  Henry  Tompson,  of  the  Auckland  College,  Auckland, 
New  Zealand,  was  elected  a  Fellow  of  the  Society. 

The  names  of  the  following  Fellows  in  arrear  to  the  Society  were 
read  out  by  the  President  for  the  first  time,  in  accordance  with 
Section  VI.  B,  Article  6,  of  the  Bye-laws : — W.  H.  Peacock,  Esq., 
and  W.  Salmon,  Esq. 

The  List  of  Donations  to  the  Library  was  read. 

The  President  called  attention  to  the  portrait  of  Dr.  William 
Smith,  presented  to  the  Society  by  his  grand-nephew,  Mr.  W.  Smith, 
of  Cheltenham,  which  was  then  suspended  behind  the  chair,  and 
expressed  his  great  satisfaction  at  this  most  interesting  picture  being 
in  the  possession  of  the  Society. 

Mr.  W.  W.  Smyth  expressed  the  satisfaction  that  all  must  feel 
in  possessing  a  genuine  relic  of  this  eminent  stratigraphical  geologist. 
Now  this  one,  which  had  been  so  liberally  presented  to  the  Society, 
was  a  most  indubitable  portrait  of  the  most  conspicuous  founder  of 
English  geology.  That  portrait  was  painted  by  M.  Fourau  in  1837, 
and  was  certainly  an  admirable  likeness.  The  Society  was  deeply 
indebted  to  the  donor,  Mr.  W.  Smith,  the  cousin  of  the  late  valued 
Prof.  Phillips.  The  portrait  now  hanging  on  the  wall  was  engraved 

in  Prof.  Phillips's  6  Life '  of  his  uncle.  He  proposed  a  hearty  vote of  thanks  to  the  donor. 
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Mr.  Evans  rose  with  great  pleasure  to  second  the  vote  of  thanks 
proposed  by  Mr.  Warington  Smyth.  The  portrait  was  indeed 
replete  with  interest,  not  only  to  English  geologists  but  to  all 
geologists  in  the  world.  An  additional  interest  attaching  to  the 

portrait  was  that  we  had  the  whole  history  of  it  from  Dr.  Smith's 
own  hand,  an  extract  from  which  Mr.  Evans  read.  The  portrait 
was  an  admirable  one.  He  hoped  that  in  the  future  Mr.  Smith's 
example  would  be  followed,  and  that  we  should  see  many  other  por- 

traits of  eminent  geologists  on  the  Society's  walls.  The  Society 
was  also  deeply  indebted  to  the  President  for  the  interest  which  he 
had  taken  in  the  matter. 

The  vote  of  thanks  was  carried  by  acclamation. 

The  following  communications  were  read  : — 

1.  "On  abnormal  Geological  Deposits  in  the  Bristol  District." 
By  Charles  Moore,  Esq.,  E.G.S. 

2.  "  Interglacial  Deposits  of  West  Cumberland  and  North  Lanca- 
shire."   By  J.  D.  Kendall,  Esq.,  C.E.,  F.G.S. 

Specimens  from  deposits  in  the  Bristol  District  were  exhibited  by 
Mr.  Moore  in  illustration  of  his  paper. 

December  1, 1880. 

Robert  Etheridge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

William  Heward  Bell,  Esq.,  East  Shefford  House,  Hungerford ; 
William  Jackson,  Esq.,  Yernon  Terrace  Schools,  Northampton ; 
Peregrine  Propert  Lewes,  Esq.,  M.A.,  L.L.M-,  84  Kensington  Gar- 

dens Square,  W. ;  William  Libbey,  Esq.,  Jun.,  M.A.,  D.Sc,  Princeton 
College,  Princeton,  New  Jersey,  U.S.A. ;  David  Morgan  Llewellin, 
Esq.,  Bryn  Gomer,  near  Pontypool,  Monmouthshire ;  John  Mar- 

shall, Esq.,  Sowerby  Bridge,  near  Halifax;  Cyril  Parkinson,  Esq., 
Rock  Cottage,  Yentnor,  Isle  of  Wight,  and  Farnsfield,  Southwell, 
Notts ;  Cornelius  McLeod  Percy,  Esq.,  The  Grove,  Standish,  Wigan  ; 
Thomas  John  Robinson,  Esq.,  Melbourne  Street,  Longton,  Stoke- 
on-Trent  ;  Rev.  Alfred  Rose,  M.A.,  Emmanuel  College,  Cambridge  ; 
Beeby  Thompson,  Esq.,  E.C.S.,  Abington  Street,  Northampton  ;  and 
Stuart  Crawford  Wardell,  Esq.,  Doe  Hill  House,  Alfreton,  Derby- 

shire, were  elected  Eellows  of  the  Society. 

The  names  of  the  following  Fellows  in  arrear  to  the  Society  were 
read  out  by  the  President  for  the  second  time,  in  accordance  with 
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Section  VI.  B,  Article  6,  of  the  Bye-laws : — W.  H.  Peacock,  Esq., 
and  W.  Salmon,  Esq. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  "  On  Eemains  of  a  small  Lizard  from  the  Neocomian  Rocks  of 
Comen,  near  Trieste,  preserved  in  the  Geological  Museum  of  the 

University  of  Vienna."    By  Prof.  H.  G.  Seeley,  E.R.S.,  E.G.S. 

2.  "  On  the  Beds  at  Headon  Hill  and  Colwell  Bay  in  the  Isle  of 
Wight."  By  H.  Keeping,  Esq.,  and  E.  B.  Tawney,  Esq.,  M.A., E.G.S. 

Specimens  were  exhibited  by  Prof.  Seeley  and  Messrs.  Tawney  and 
Keeping  in  illustration  of  their  papers. 

December  15,  1880. 

Robert  Etheridge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

William  Elijah  Benton,  Esq.,  Assoc.  R.S.M.,  Highfield  House,. 
Heather,  near  Ashby-de-la-Zouch  ;  Rev.  George  Clements,  26  St. 
Martin's  Road,  Stockwell ;  J.  Kerr  Gulland,  Esq.,  C.E.,  6  a  Victoria 
Street,  S.W.,  and  Ball's  Pond  Road,  N. ;  Erancis  T.  S.  Houghton, 
Esq.,  B.A.,  Wynnstay,  Balsall  Heath,  Birmingham  ;  George  Bingley 
Luke,  Esq.,  Northbank  House,  Prestonpans,  N.B.  ;  and  William 
Mansell  MacCnlloch,  Esq.,  MD.,  12  Cork  Street,  Burlington  Gardens, 
W.,  were  elected  Eellows  ;  and  Professor  Luigi  Bellardi,  of  Turin, 
and  Dr.  M.  Neumayr,  of  Vienna,  Eoreign  Correspondents  of  the 
Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  "  On  the  Constitution  and  History  of  Grits  and  Sandstones." 
By  John  Arthur  Phillips,  Esq.,  E.G.S. 

The  Chair  was  then  taken  by  J.  W.  Htjlke,  Esq.,  E.R.S., 
V.P.G.S. 

2.  <£  On  a  New  Species  of  Trigonia  from  the  Purbeck  Beds  of  the 
Vale  of  Wardour."  By  R.  Etheridge,  Esq.,  E.R.S.,  President.  With 
a  Note  on  the  Stratigraphical  position  of  the  Eossil  by  the  Rev.  W. 
R.  Andrews. 
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The  following  specimens  were  exhibited  : — 

Specimens  exhibited  by  Messrs.  J.  Arthur  Phillips  and  R.  Ethe- 
ridge  in  illustration  of  their  papers. 

Specimens  of  Crinoids  from  the  Carboniferous  Limestone,  and  a 
pair  of  candlesticks  turned  out  of  Carboniferous  Limestone,  exhibited 
by  Prof.  James  Tennant,  E.G.S. 

January  5,  1881. 

Robert  Etheridge,  Esq.,  E.R.S.,  President,  in  the  Chair. 

George  C.  Crick,  Esq.,  9  Gwyn  Street,  Bedford ;  and  Arthur  S. 
Reid,  Esq.,  B.A.,  12  Bridge  Street,  Canterbury,  were  elected  Fellows 
of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  "  The  Archaean  Geology  of  Anglesey."  By  C.  Callaway,  Esq., 
M.A.,  D.Sc,  E.G.S.  With  a  2sTote  on  the  Microscopic  Structure  of 
some  of  the  Bocks,  by  Prof.  T.  G.  Bonney,  M.A.,  E.R.S.,  Sec.G.S. 

>  2.  "  The  Limestone  of  Durness  and  Assynt."  By  C.  Callaway, 
Esq.,  D.Sc,  E.G.S. 

3.  "  On  a  Boulder  of  Hornblende-Picrite  near  Pen-y-Carnisiog, 
Anglesey.    By  Prof.  T.  G.  Bonney,  M.A.,  E.E.S.,  Sec.G.S. 

The  following  specimens  were  exhibited : — 

Specimens  of  the  results  of  some  experiments  in  the  formation 
of  Agates  &c.  exhibited  by  E.  A.  Pankhurst,  Esq.,  and  James 
I'Anson,  Esq.,  E.G.S. 

Rock-specimens  and  microscopic  sections  exhibited  by  Dr.  Calla- 
way and  Prof.  Bonney,  in  illustration  of  their  papers. 

January  19,  1881. 

Robert  Etheridge,  Esq.,  E.R.S.,  President  in  the  Chair. 

Jabez  Church,  Esq.,  M.Inst.C.E.,  17b  Great  George  Street,  West- 
minster, S.W. ;  George  Augustus  Ereeman,  Esq.,  B.Sc.  Lond.,  6 

vol.  xxxtii.  .  b 
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Macduff  Terrace,  Danby  Street,  Peckharn,  S.E. ;  Charles  Horsley, 
Esq.,  C.E.,  174  Highbury  New  Park,  N. ;  Edwiu  Simpson-Baikie, 
Esq.,  F.L.S.,  United  University  Club,  Pall  Mall  East,  S.W. ;  and 
Charles  John  Wood,  Esq.,  M.Inst.C.E.,  2  Selbourne  Terrace,  Bradford. 
Yorkshire,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  President  called  attention  to  the  valuable  donation  made  to 
the  Library  by  Dr.  J.  J.  Bigsby,  F.B.S.,  F.G.S.,  of  the  set  of  six 

volumes  of  the  ''  Reports  of  the  Geological  Survey  of  Illinois,'  the 
last  four  volumes  of  which  are  extremely  rare  on  this  side  of  the 
Atlantic,  if  not  almost  unique.  A  special  vote  of  thanks  was  passed 
to  Dr.  Bigsby  for  his  present. 

The  following  communications  were  read  : — 

1.  "  Further  Notes  on  the  Family  Diastoporidse,  Busk."  By  G.  R. 
Vine,  Esq.  Communicated  by  Prof.  P.  Martin  Duncan,  M.B.Lond., 
F.R.S.,  F.G.S. 

2.  "  Further  Notes  on  the  Carboniferous  Fenestellidse."  Bv  G. 
W.  Shrubsole,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited  :— - 

Specimens  of  Opal,  Chalcedony,  &c,  from  Australia,  exhibited  by 
Prof.  James  Tennant,  F.G.S. 

Specimens  of  FenesteUidoD,  exhibited  by  Mr.  Shrubsole  in  illus- 
tration of  his  paper. 

February  2,  1881. 
Robert  Etheeidge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Joseph  Groves,  Esq.,  B.A.,  M.B.Lond.,  Carisbrooke,  Isle  of  Wight ; 
George  Lewis,  Esq.,  Green  Hill,  Derby;  Rev.  Edouard  Mechin,  S.J., 

St.  Beuno's  College,  St.  Asaph,  North  Wales  ;  James  Osborne,  Esq., 
Rio  Tinto,  Province  of  Huelva,  Spain  ;  and  the  Rev.  William  Shar- 
man,  20  Headland,  PI}' mouth,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  <;  On  the  Coralliferous  Series  of  Sind,  and  its  connexion  with 
the  last  Upheaval  of  the  Himalayas."  By  Prof.  P.  Martin  Duncan, 
M.B.Lond.,  F.R.S.,  F.G.S. 

2.  "On  two  new  Crinoids  from  the  Upper  Chalk  of  Southern 
Sweden."  Bv  P.  H.  Carpenter,  Esq.,  M.A.  Communicated  by 
Prof.  P.  Martin  Duncan,  M.B.Lond.,  F.R.S.,  F.G.S. 
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The  following  specimens  were  exhibited  : — 
A  specimen  of  a  new  Crinoid,  exhibited  by  Mr.  Carpenter  in 

illustration  of  his  paper. 
Microscopic  sections  of  Meteorites,  exhibited  by  Dr.  Otto  Halm, 

of  Keutlingen. 
Tn  explanation  of  the  latter  the  following  remarks  were  addressed 

on  behalf  of  Dr.  Hahn  to  the  President  and  Fellows  present : — 
"  Dr.  Hahn,  in  inviting  you  to  examine  the  microscopical  speci- 

mens of  meteorites  which  he  has  prepared,  and  in  order  to  assist 
you  in  determining  the  character  of  the  forms  and  structures  which 
you  will  find  exhibited  in  them,  desires  to  present  a  short  summary 
of  the  negative  considerations  which  forbid  that  such  structures 
should  be  classed  among  crystalline  forms. 

"  As  is  well  known,  the  chondrites,  the  species  of  meteorites 
from  which  his  specimens  are  prepared,  consist,  besides  the  metals 
which  they  enclose,  of  the  minerals  enstatite  and  olivine. 

"  In  his  work  on  the  meteorites  and  their  organisms,  lately  pub- 
lished, Dr.  Hahn  has  given  photographs  of  130  different  forms  and 

structures.  Now  if  these  structures  are  crystalline,  the  two 
minerals  in  question  would  present  themselves  in  at  least  130  dif- 

ferent forms  and  structures,  although  the  absence  of  all  structure  is 
recognized  as  a  fundamental  principle  of  the  theory  of  minerals. 

"Again,  the  structures  exhibited  by  the  chondrites  cannot  be 
due  to  slaty  cleavage,  since  olivine  has  no  slaty  cleavage,  and  that  of 
enstatite  and  of  other  minerals  does  not  appear  under  the  micro- 

scope, or  else  presents  itself  there  under  totally  different  forms. 
"  The  greatest  importance,  however,  is  to  be  attached  to  the  total 

absence  of  all  polarized  light  exhibited  by  the  two  minerals  as  oc- 
curring in  the  meteorites.  The  contained  forms  and  structures  do 

not  polarize  the  light  at  all,  or  only  very  feebly,  although  the  same 
minerals,  under  ordinary  circumstances,  polarize  light  very  strongly. 
The  absence  of  all  aggregate  polarization  is  especially  noticeable,  as 
proving  that  these  objects  are  not  aggregates  of  crystals. 

"  Should  we  still  feel  inclined  to  regard  the  enclosures  as  mineral 
forms,  and  not  as  organisms,  we  must  be  struck  by  the  utter  absence 
of  all  crystalline  forms,  especially  in  those  very  minerals  which 
always,  and  occasionally  also  in  meteorites,  appear  in  a  crystallized 
form. 

"  Further,  the  external  forms,  and  consequently  the  outlines  of  the 
enclosures,  harmonize  so  perfectly  with  their  internal  form  and 
structure,  that  we  cannot  entertain  the  idea  that  these  enclosures 
had  been  rolled  about  and  ground  down  before  they  became  finally 
imbedded  in  the  chondrites. 

"  The  idea  of  an  aggregate  of  crystals,  if  still  looked  upon  with 
favour,  would  be  contradicted  by  the  fact  that  the  enclosed  balls 
or  globes  are  all  constructed  excentrically,  whereas  all  terrestrial 

crystallites  are  formed  concentrically." 

62 
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ANNUAL  GENERAL  MEETING, 

February  18,  1881. 

Robert  Etheridge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Report  of  the  Council  eor  1880. 

In  presenting  their  Report  for  the  year  1880,  the  Council  of  the 
Geological  Society  have  much  gratification  in  announcing  to  the 
Fellows  that  the  affairs  of  the  Society  are  in  a  much  more  satis- 

factory position  than  at  the  dates  of  their  last  two  Reports. 
The  number  of  new  Fellows  elected  during  the  year  is  60,  of 

whom  49  paid  their  fees  before  the  end  of  the  year,  making,  with 
14  previously  elected  Fellows  who  paid  their  fees  in  1880,  a  total 
accession  during  the  year  of  63  Fellows.  Against  this  we  have  to 
record  the  loss  by  death  of  34  Fellows,  and  by  resignation  of  only 
9  Fellows,  whilst  5  Fellows  were  removed  from  the  list  for  non- 

payment of  Contributions,  making  a  total  loss  of  48  Fellows.  On 
the  year,  therefore,  we  have  an  increase  of  15  Fellows.  But  as  of 
the  34  Fellows  deceased,  9  were  compounders,  and  9  con-contri- 

buting Fellows,  the  number  of  contributing  Fellows  is  actually 
increased  by  25,  being  now  769. 

The  total  number  of  Fellows  and  Foreign  Members  and  Corre- 
spondents was  1415  at  the  end  of  the  year  1879,  and  1432  at  the 

end  of  the  year  1880. 
During  the  year  1880  intelligence  was  received  of  the  death  of 

1  Foreign  Member  and  of  2  Foreign  Correspondents.  As  two 
vacancies  existed  in  the  list  of  Foreign  Members  at  the  end  of  the 
year  1879,  three  Foreign  Members  were  elected  in  1880 ;  and  the 
vacancies  caused  by  these  elections  and  by  death  in  the  list  of 
Foreign  Correspondents,  were  all  filled  up  during  the  year. 

The  total  Receipts  for  the  year  1880  were  £2706  Is.  7cL,  being 
=£130  15s.  7d.  more  than  the  estimated  Income  for  the  year.  The 
total  Expenditure,  on  the  other  hand,  was  £2520  18s.  9c?.,  or 
£154  4s.  Id.  less  than  the  estimate  for  the  year.  The  actual  excess 
of  Income  over  Expenditure  was  thus  .£185  2s.  lOd.  ;  and  of  this 
amount  a  sum  of  £98  10s.  was  invested  in  the  purchase  of  £100 
Consols. 

The  Council  have  to  announce  the  completion  of  Vol.  XXXVI.  of 
the  Quarterly  Journal  and  the  commencement  of  Vol.  XXXVII. 

The  Council  have  further  to  announce  the  completion  of  the 
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printing  of  the  Catalogue  of  the  Library,  which  is  now  ready  for 
distribution  to  subscribers.  It  forms  a  volume  of  over  620  pages,  or 
about  100  pages  more  than  was  originally  estimated  ;  but  the  Council 
have  not  thought  it  desirable  to  increase  the  price  of  the  volume. 
It  will  accordingly  be  furnished  to  the  Fellows  at  the  price  of  five 
shillings. 

The  Council  have  much  pleasure  in  announcing  that  William 
Smith,  Esq.,  of  Cheltenham,  the  grandnephew  of  Dr.  William  Smith, 
and  cousin  of  the  late  Professor  Phillips,  has  most  liberally  presented 
to  the  Society  the  portrait  of  Dr.  Smith  which  was  formerly  in  Prof. 

Phillips's  possession,  and  from  which  was  engraved  the  small  portrait 
illustrating  his  '  Memoir  of  William  Smith.'  This  picture,  which  is 
admirable  in  itself,  is  of  special  interest  to  the  Fellows  of  the 
Geological  Society,  not  only  as  an  excellent  portrait  of  one  of  the 
great  founders  of  their  Science,  but  also  from  its  historical  associa- 

tions, as  its  origin  and  mode  of  production  have  been  described  in 

Dr.  Smith's  own  words  in  the  '  Memoir '  just  mentioned,  as  it  bears 
his  handwriting  on  its  back,  and  as  it  is  the  original  of  the  engraved 
portrait.  For  the  due  preservation  of  this  valuable  picture  the 
Council  have  ordered  it  to  be  suitably  framed  and  covered  with  plate 
glass,  and  to  be  suspended  in  a  place  of  honour  in  the  Meeting-room 
of  the  Society.  They  hope  that  it  may  not  long  remain  there  in 
solitude.  In  the  mean-time  four  of  the  marble  busts  in  the  possession 
of  the  Society  (those,  namely,  of  Greenough,  Sedgwick,  Murchison, 
and  Macculloch)  have  been  arranged  upon  pedestals  at  the  end  of  the 
Meeting-room,  where  they  may  serve  to  cherish  the  memory  of  some 
of  those  who  have  contributed  the  most  to  advance  the  Science  of 
Geology. 

The  Council  have  awarded  the  Wollaston  Medal  to  Professor  P. 

Martin  Duncan,  F.R.S.,  F.G.S.,  in  testimony  of  their  high  apprecia- 
tion of  his  numerous  and  valuable  palseontological  memoirs,  especially 

on  the  Fossil  Corals,  as  well  as  of  his  contributions  to  physical  and 
stratigraphical  Geology. 

The  Murchison  Medal,  with  the  sum  of  Ten  Guineas  from  the 
proceeds  of  the  Fund,  has  been  awarded  to  Professor  Archibald 
Geikie,  F.E.S.,  F.G.S.,  in  recognition  of  his  valuable  contributions  to 
physical  and  stratigraphical  Geology,  particularly  in  relation  to  the 
Old  Red  Sandstone  of  Scotland,  and  the  Volcanic  Geology  of  the 
vicinity  of  Edinburgh  and  the  Firth  of  Forth. 

The  Lyell  Medal,  with  a  sum  of  Twenty-five  Pounds  from  the 
proceeds  of  the  Fund,  has  been  awarded  to  Principal  Dawson, 
F.R.S.,  F.G.S.,  in  recognition  of  his  important  contributions  to  the 
Geology  of  Canada,  and  more  especially  of  his  investigations  into  the 
Fossil  Flora  of  the  Devonian  and  Carboniferous  Periods  in  America. 

The  Bigsby  Medal  has  been  awarded  to  Dr.  Charles  Barrois,  of 
Lille,  as  a  testimony  to  the  importance  of  his  contributions  to  strati- 

graphical Geology,  particularly  with  relation  to  the  Cretaceous 
system. 

The  balance  of  the  proceeds  of  the  Wollaston  Donation  Fund 
has  been  awarded  to  Dr.  Ramsay  H.  Traquair,  F.G.S.,  in  recogni- 
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tion  of  the  value  of  his  researches  upon  the  palaeontology  of  Fossil 
Fishes,  and  to  aid  him  in  pursuing  his  investigations. 

The  balance  of  the  proceeds  of  the  Murchison  Donation  Fund 
has  been  awarded  to  Frank  Rutley,  Esq.,  F.G.S.,  as  a  token  of 
appreciation  of  his  valuable  memoirs  on  various  penological  sub- 

jects, and  to  assist  him  in  carrying  on  his  researches. 
The  balance  of  the  proceeds  of  the  Lyell  Donation  Fund  has 

been  awarded  in  equal  parts  to  G.  R.  Vine,  Esq.,  in  recognition  of 
the  work  done  by  him  on  the  Carboniferous  Polyzoa,  and  to  assist 
him  in  continuing  his  investigations  ;  and  to  Dr.  Anton  Fritsch,  of 
Prague,  as  a  mark  of  the  estimation  in  which  his  valuable  contri- 

butions to  Palaeontology  are  held,  and  to  aid  him  in  the  production 
of  his  important  memoirs. 

During  the  last  Session,  a  subscription  was  set  on  foot  among  the 
Fellows  of  the  Society,  which  enabled  the  Assistant  Secretary  to 
purchase  four  small  plain  Microscopes,  for  use,  when  required,  at 
the  Evening  Meetings  of  the  Society.  As  the  procuring  the  means 
of  illumination  for  the  microscopes  was  attended  with  considerable 
inconvenience  and  expense,  the  Council  have  decided  to  expend  a 
small  portion  of  the  proceeds  of  the  Barlow-Jameson  Fund  in  the 

purchase  of  four  of  How's  Microscope  Lamps. 

Report  of  ̂ he  Library  and  Museum  Committee, 

Library, 

Since  the  last  Anniversary  Meeting  a  great  number  of  valuable 
additions  have  been  made  to  the  Library,  both  by  donation  and  by 
purchase. 

As  Donations  the  Library  has  received  105  volumes  of  separately 
published  works  and  Survey  Reports,  and  about  220  Pamphlets  and 
separate  impressions  of  Memoirs  ;  also  about  102  volumes  and  205 
detached  parts  of  the  publications  of  \arious  Societies,  and  14 
volumes  of  independent  Periodicals  presented  chiefly  by  their  re- 

spective Editors,  besides  11  volumes  of  Newspapers  of  various 

kinds.  This  will  constitute  a  total  addition  to  the  Society's  Library, 
by  donation,  of  about  272  volumes  and  220  pamphlets. 

A  considerable  number  of  Maps,  Plans,  and  Sections  have  been 

added  to  the  Society's  collections  by  presentation  from  various  Geo- 
logical Surveys,  from  the  Ordnance  Survey  of  Great  Britain,  and  from 

the  French  Depot  de  la  Marine.  Several  Geological  Maps  of  parti- 
cular districts  have  also  been  presented  by  the  authors.  They 

amount  altogether  to  348  sheets,  and  among  them  may  be  noted,  as 
especially  valuable  to  the  Society,  131  sheets  of  the  Map  of  the 
Geological  Survey  of  Great  Britain  and  Ireland. 

The  Books  and  Maps  just  referred  to  have  been  received  from 
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128  personal  Donors,  the  Editors  or  Publishers  of  15  Periodicals, 
and  131  Societies,  Surveys,  or  other  Public  Bodies,  making  in  all 
274  Donors. 

By  Purchase,  on  the  recommendation  of  the  Standing  Library 
Committee,  the  Library  has  received  the  addition  of  46  volumes  of 
Books,  and  of  53  parts  (making  about  10  volumes)  of  Periodicals, 
besides  12  parts  of  works  published  serially,  the  earlier  portions  of 
which  were  obtained  in  previous  years.  Five  Sheets  of  the  Geolo- 

gical Survey  Map  of  France,  and  4  sheets  of  a  Map  of  the  Bohe- 
mian Coalfield,  by  Dr.  Wolff,  have  been  obtained  by  purchase. 

The  cost  of  Books  and  Periodicals  during  the  year  1880  was 
=£73  2s.  3d,,  and  of  Binding  £76  10.§.  Id.  The  total  expenditure 
on  account  of  the  Library  was  thus  £149  12s.  4cZ. 

The  Books  in  the  Society's  Library  are  generally  in  good  con- 
dition ;  and  a  considerable  number  of  old  serial  and  other  works, 

of  which  the  binding  had  been  damaged  by  long  use,  have  been 
rebound  or  repaired.  The  Library  continues  to  be  much  used  by 
the  Fellows  of  the  Society. 

Museum, 

The  Collections  in  the  Museum  remain  in  much  the  same  con- 
dition as  at  the  date  of  the  last  Report  of  the  Committee,  the 

Foreign  Collections  being  all  available  for  reference.  The  Egerton 
Collection  of  Arctic  Fossil  Shells  has  been  named  and  arranged  by 
Dr.  J.  Gwyn  Jeffreys. 

The  following  Donations  have  been  made  to  the  Museum  during 
the  year  1880  ; — A  specimen  of  rock  from  the  top  of  the  Asnai 
Heights,  Cabul,  presented  by  Lieut.  F.  Spratt,  R.E.,  and  20  speci- 

mens of  Carboniferous-limestone  Fossils  from  Flathead  River,  Rocky 
Mountains,  presented  by  H.  Bauerman,  Esq.,  F.G.S. 
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Comparative  Statement  of  the  Number  of  the  Society  at  the 
close  of  the  years  1879  and  1880.  • 

Dee.  31,  1879.  Dec.  31, 1880. 
Compounders   313    312 
Contributing  Fellows   744    769 
Non- contributing  Fellows .  .       277    268 

1334  1349 
Honorary  Members                       3    3 
Foreign  Members                        38    40 
Foreign  Correspondents ....         40    40 

1415  1432 

General  Statement  explanatory  of  the  Alterations  in  the  Number  of 
Fellows,  Honorary  Members,  fyc.  at  the  close  of  the  years  1879  and 
1880. 

Number  of  Compounders,  Contributing  and  Non-  1  -,  oo  < 

contributing  Fellows,  December  31,  1879   J       16  4 
Add  Fellows  elected  during  former  year  and  paid  1  -,  < 

in  1880   J  14 
Add  Fellows  elected  and  paid  in  1880   49 

139; 

Deduct  Compounders  deceased   9 
Contributing  Fellows  deceased   16 
Non-contributing  Fellows  deceased  ....  9 
Contributing  Fellows  resigned   9 
Contributing  Fellows  removed   5 

Number   of  Honorary   Members,  Foreign 
Members,   and  Foreign  Correspondents,  \-  81 
December  31,  1879   

Deduct  Foreign  Member  deceased  . .   .....  1 
Foreign  Correspondents  deceased    . .  2 
Foreign    Correspondents    elected!  o 

Foreign  Members   J 
—  6 

75 

Add  Foreign  Members  elected   3 
Foreign  Correspondents  elected   5 

48 

1349 

—  83 

1432 
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Deceased  Fellows. 

Lord  Belper. 
T.  Bell,  Esq. 
Col.  W.  G.  Boyle. 
Sir  R.  Burdett. 
W.  W.  Collins,  Esq, 

Compounders  (9). 

W.  Gillespie,  Esq. 
W.  H.  Hollowav,  Esq. 
E.  Walton,  Esq. 
S.  V.  Wood.  Esq. 

Resident  and  other  Contributing  Fellows  (16). 

Prof.  D.  T.  Ansted. 
T.  D.  Bott,  Esq. 
Lieut.-Gen.  W.  E.  D.  Broughton. 
E.  W.  Cooke,  Esq. 
J.  Cope,  Esq. 
J.  G.  H.  Godfrey,  Esq. 
J.  Hamilton,  Esq. 
W.  G.  Kell,  Esq. 

D.  Llewellin,  Esq. 
H.  Ludlam,  Esq. 
Dr.  E.  Mery/m. 
E.  J.  Smith,  Esq. 
T.  Parry,  Esq. 
W.  W.  Stoddart,  Esq. 
Rev.  J.  Clifton  Ward. 
E.  B.  Webb,  Esq. 

Non-contributing  Fellows  (9). 

C.  L.  Bradley,  Esq. 
B.  Davey,  Esq. 
T.  a  Eyton,  Esq. 
W.  Gray,  Esq. 
Very  Rev.  H.  P.  Hamilton. 

J.  B.  Logan,  Esq. 
Bev.  S.  Lucas. 
Prof.  W.  H.  Miller. 
Dr.  Jones  Qnain. 

Foreign  Member. 

Prof.  P.  H.  Nyst. 

Foreign  Correspondents. 

Prof.  W.  P.  Schimper.  |  M.  J.  A.  H.  Bosquet, 

Fellows  Resigned  (9). 

Bev.  W.  H.  Allen. 
F.  Campion,  Esq. 
S.  N.  Carvalho,  Esq.,  Jun. 
E.  C.  H.  Day,  Esq. 
H.  Fox.  Esq, 

Lieut.-Col.  C.  Manby. 
Lieut-Col.  E.  B.  Sladen. 
H.  B.  Whitehead,  Esq. 
Capt.  H.  T.  Wing. 
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Fellows  Removed  (5). 

Jonathan  Harrison,  Esq. 
J.  Trubshaw  Johnson,  Esq. 
Lewis  Thomas  Lewis,  Esq. 

W.  Harrison  Peacock,  Esq. 
William  Salmon,  Esq, 

The  following  Personages  were  elected  from  the  List  of  Foreign  Cor- 
respondents to  fill  the  vacancies  in  the  List  of  Foreign  Members 

during  the  year  1880. 

Professor  Gustave  Dewalque  of  Liege. 
Professor  Adolf  Eric  Nordenskiold  of  Stockholm. 
Professor  Ferdinand  Zirkel  of  Leipzig, 

The  following  Personages  were  elected  Foreign  Correspondents  during 

the  year  1880.  ' Dr.  Ferdinand  von  Hochstetter  of  Vienna, 
Professor  Leo  Lesqnereux  of  Columbus. 
M.  Alphonse  Renard  of  Brussels. 

After  the  Reports  had  been  read,  it  was  resolved : — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting, 
and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 
and  distributed  among  the  Fellows, 

It  was  afterwards  resolved  :■ 

That  the  thanks  of  the  Society  be  given  to  Sir  P.  de  M.  Grey- 
Egerton,  Bart.,  and  Prof.  A.  C.  Ramsay,  retiring  from  the  office  of 
Vice-President. 

That  the  thanks  of  the  Society  be  given  to  Dr.  H.  Hicks,  Prof. 
T.  M'Kenny  Hughes,  Prof.  T. Hupert  Jones,  Prof.  J.  Prestwich,  and 
Prof.  A.  C.  Ramsay,  retiring  from  the  Council. 

After  the  Balloting-glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensuing 

year :— 
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OFFICERS. 

PRESIDENT. 

R.  Etheridge,  Esq.,  F.R.S. 

VICE-PRESIDENTS. 

J.  Evans,  D.C.L.,  LL.D.,  F.R.S. 
J.  W.  Hulke,  Esq.,  F.R.S. 
Prof.  J.  Morris,  M.A. 
H.  C.  Sorby,  LL.D.,  F.R.S. 

SECRETARIES. 

Prof.  T.  G.  Bonney,  M.A.,  F.R.S. 
Prof.  J.  W.  Judd,  F.R.S. 

FOREIGN  SECRETARY. 

W.  W.  Smyth,  Esq.,  M.A.,  F.R.S. 

TREASURER. 

J.  Gwyn  Jeffreys,  LL.D.,  F.R.S. 

COUNCIL. 

H.  Bauerman,  Esq. 
Rev.  J.  F.  Blake,  M.A. 
Prof.  T.  G.  Bonney,  M.A.,  F.R.S. 
W.  Carruthers,  Esq.,  F.R.S. 
Prof.  P.  M.  Duncan,  M.B.,  F.R.S. 
Sir  P.  de  M.  Grey-Egerton,  Bart., 

M.P.,  F.R.S. 
R,  Etlreridge,  Esq.,  F.R.S. 
J.  Evans,  D.C.L.,  LL.D.,  F.R.S. 
Lieut.-Colonel  H.  H.  Godwin- 

Austen,  F.R.S. 
J.  C.  Hawkshaw,  Esq.,  M.A, 
Rev.  Edwin  Hill,  M.A. 

W.  H.  Hudleston,  Esq.,  M.A. 
J.  W.  Hulke,  Esq.,  F.R.S. 
J.  Gwyn  Jeffreys,  LL.D.,  F.R.S. 
Prof.  J.  W.  Judd,  F.R.S. 

Prof.   IST.  S.  Maskelyne,  M.P., 
M.A.,  F.R.S. 

Prof.  Morris,  M.A. 
J.  A.  Phillips,  Esq. 
F.  W.  Rudler,  Esq. 
Prof.  H.  G.  Seeley,  F.R.S. 
W.  W.  Smyth,  Esq.,  M.A.,  F.R.S, 
H.  C.  Sorby,  LL.D.,  F.R.S. 
H.  Woodward,  LL.D.,  F.R.S, 
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LIST  OF 

THE  FOREIGN  MEMBERS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1880. 
Date  of 
Election, 
1827.  Dr.  H.  von  Dechen,  Bonn. 
1829.  Dr.  Ami  Boue,  Vienna. 
1844.  William  Burton  Rogers,  Esq.,  Boston,  U.  S. 

1848.  James  Hall,  Esq.,  Albany,  State  of  New  York." 1850.  Professor  Bernhard  Studer,  Berne. 
1851.  Professor  James  D.  Dana,  New  Haven,  Connecticut. 
1853.  Count  Alexander  von  Keyserling,  Rayhull,  Russia. 
1853.  Professor  L.  G.  de  Koninck,  Liege. 
1854.  M.  Joachim  Barrande,  Prague. 
1856.  Professor  Robert  Bunsen,  For.  Mem.  R.S.,  Heidelberg. 
1857.  Professor  H.  R.  Goeppert,  Breslau, 
1857.  Professor  H.  B.  Geinitz,  Dresden. 
1857.  Dr.  Hermann  Abich,  Vienna. 
1859.  Professor  A.  Delesse,  Paris. 
1859.  Dr.  Ferdinand  Roemer,  Breslau. 
1860.  Dr.  H.  Milne-Edwards,  For.  Mem.  R.S.,  Paris. 
1862.  Professor  Pierre  Merian,  Basle. 
1864.  M.  Jules  Desnoyers,  Paris. 
1866.  Dr.  Joseph  Leidy,  Philadelphia. 
1867.  Professor  A.  Daubree,  Paris. 
1870.  Professor  Oswald  Heer,  Zurich. 
1871.  Dr.  S.  Nilsson,  Lund, 
1871.  Dr.  Henri  Nyst,  Brussels.    (Deceased. ) 
1871.  Dr.  Franz  Ritter  von  Hauer,  Vienna. 
1874.  Professor  Alphonse  Favre,  Geneva. 
1874.  Professor  E.  Hebert,  Paris. 
1874.  Professor  Edouard  Desor,  Neuchdtel. 
1874.  Professor  Albert  Gaudry,  Paris. 
1875.  Professor  Fridolin  Sandberger,  Wurzburg. 
1875.  Professor  Theodor  Kjerulf,  Christiania. 
1875.  Professor  F.  August  Quenstedt,  Tubingen. 
1876.  Professor  E.  Beyrich,  Berlin, 
1877.  Dr.  Carl  Wilhelm  Giimbel,  Munich. 
1877.  Dr.  Eduard  Suess,  Vienna, 
1879.  Dr.  F.  V.  Hayden,  Washington. 
1879.  Major-General  N.  von  Kokscharow,  St.  Petersburg. 
1879.  M.  Jules  Marcou,  Salins. 
1879.  Dr.  J.  J.  S.  Steenstrup,  For.  Mem.  R.S.,  Copenhagen. 
1880.  Professor  Gustave  Dewalque,  LiSge. 
1880.  Professor  Adolf  Eric  Nordenskiold,  Stockholm. 
1880.  Professor  Ferdinand  Zirkel,  Leipzig. 
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LIST  OF 

THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1880. 
Date  of 
Election. 
1863.  Dr.  G.  F.  Jager,  Stuttgart. 
1863.  M.  S.  Loven,  Stockholm. 
1863.  Count  A.  G.  Marschall,  Vienna. 
1863.  Professor  G.  Meneghini,  Pisa, 
1863.  Signor  Giuseppe  Ponzi,  Rome. 
1863.  Signor  Quintino  Sella,  Rome. 
1863.  Dr.  F.  Senft,  Eisenach. 
1864.  M.  J.  Bosquet,  Maestricht.  (Deceased.) 
1864.  Dr.  Charles  Martins,  Montpellier. 
1866.  Professor  J.  P.  Lesley,  Philadelphia. 
1866.  Professor  Victor  Raulin,  Bordeaux. 
1866.  Baron  Achille  de  Zigno,  Padua. 
1870.  Professor  Joseph  Szafao,  Pesth. 
1870.  Professor  Otto  Torell,  Lund. 
1871.  31.  Henri  Coquand,  Marseilles. 
1871.  Professor  Giovanni  Capellini,  Bologna. 
1872.  Herr  Dionys  Stur,  Vienna. 
1872.  Professor  J.  D.  Whitney,  Cambridge.  U.  S. 
1874.  Professor  Igino  Cocchi,  Florence. 
1874.  M.  Gustave  H.  Cotteau,  Auxerre. 
1874.  Professor  W.  P.  Schimper,  Strasburg.  (Deceased. 
1874.  Professor  G.  Seguenza,  Messina. 
1874.  Dr.  J.  S.  Newberry,  Neiv  York. 
1874.  Dr.  T.  C.  Winkler,  Haarlem. 
1875.  Professor  Gustav  Tschermalc,  Vienna. 
1876.  Professor  Jules  Gosselet,  Lille. 
1876.  Professor  Ludwig  Riitimeyer,  Basle. 
1877.  Professor  George  J.  Brush,  New  Haven. 
1877.  Professor  A.  L.  0.  Des  Cloizeaux,  For.  Mem.  U.S.,  Paris. 
1877.  Professor  E.  Renevier,  Lausanne. 
1877.  Count  Gaston  de  Saporta,  Aix-en-Provence. 
1879.  Professor  Pierre  J.  van  Beneden,  For.  Mem.  R.S.,  Louvain. 
1879.  M.  Edouard  Dupont,  Brussels. 
1879.  Professor  Guglielmo  Guiscardi,  Naples. 
1879.  Professor  Franz  Bitter  von  Kohell,  Munich. 
1879.  Professor  Gerhard  voni  Hath,  Bonn, 
1879.  Dr.  Emile  Sauvage,  Paris. 
1880.  Dr.  Ferdinand  von  Hochstetter,  Vienna. 
1880.  Professor  Leo  Lesquereux,  Columbus. 
1880.  M.  Alphonse  Renard,  Brussels. 
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AWARDS  OF  THE  WOLLASTON  MEDAL 

UNDER  THE  CONDITIONS  OF  THE 

ESTABLISHED  BY 

WILLIAM  HYDE  WOLLASTON,  M.D.,  F.K.S.,  F.G.S.,  &c. 

"  To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
individuals  of  any  country  by  whom  such  researches  may  hereafter  be 

made/' — "such  individual  not  being  a  Member  of  the  Council." 

1831.  Mr.  William  Smith. 
1835.  Dr.  G.  A.  Mantell. 
1836.  M.  L.  Agassiz. 

1837  \ Capt  T>  P>  Cautley- I  Dr.  H.  Falconer. 
1838.  Professor  E.  Owen. 
1839.  Professor  C.  G.  Ehrenberg. 
1840.  Professor  A.  H.  Dumont. 
1841.  M.  Adolphe  T.  Brongniart. 
1842.  Baron  L.  von  Buch. 
,nin   \  M.  Elie  de  Beaumont. 

'  (  M.  P.  A.  Dufrenoy. 
1844.  The  Kev.  W.  D.  Conybeare. 
1845.  Professor  John  Phillips. 
1846.  Mr.  William  Lonsdale. 
1847.  Dr.AmiBoue. 
1848.  The  Kev.  Dr.  W.  Buckland. 
1849.  Professor  Joseph  Prestwich. 
1850.  Mr.  William  Hopkins. 
1851.  The  Rev.  Prof.  A.  Sedgwick. 
1852.  Dr.  W.  H.  Fitton. 

^ggg  I  M.  le  Vicomte  A.  dArchiac. 
'  I M.  E.  de  Verneuil. 

1854.  Sir  Richard  Griffith. 
1855.  Sir  H.  T.  De  la  Beche. 
1856.  Sir  W.  E.  Logan. 
1857.  M.  J oachim  Barrande. 

jggg  j  Herr  Hermann  von  Meyer. ( Mr.  James  Hall. 
1859.  Mr.  Charles  Darwin. 
1860.  Mr.  Searles  V.  Wood. 
1861.  Professor  Dr.  H.  G.  Bronn. 
1862.  Mr.  R.    A.    C.  Godwin- 

Austen. 
1863.  Professor  Gustav  Bischof. 
1864.  Sir  R.  I.  Murchison. 
1865.  Mr.  Thomas  Davidson. 
1866.  Sir  Charles  Lyell. 
1867.  Mr.  G.  Poulett  Scrope. 
1868.  Professor  Carl  F.  Naumann. 
1869.  Dr.  H.  C.  Sorby. 
1870.  Professor  G.  P.  Deshayes. 
1871.  Professor  A.  C.  Ramsay. 
1872.  Professor  J.  D.  Dana. 

1873.  Sir  P.  de  M.  Grey-Egertom 
1874.  Professor  Oswald  Heer. 
1875.  Professor  L.  G.  de  Koninck. 
1876.  Professor  T.  H.  Huxley. 
1877.  Mr.  Robert  Mallet. 
1878.  Dr.  Thomas  Wright. 
1879.  Professor  Bernhard  Studer. 
1880.  Professor  Auguste  Daubree. 
1881.  Professor  P.  Martin  Duncan. 
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«  DONATION-FUND." 

1831.  Mr.  William  Smith. 
1833.  Mr.  William  Lonsdale. 
1834.  M.  Louis  Agassiz. 
1835.  Dr.  G.  A.  Mantell. 
1836.  Professor  G.  P.  Deshayes. 
1838.  Professor  Richard  Owen. 
1839.  Professor  G.  C.  Ehrenberg. 
1840.  Mr.  J.  De  Carle  Sowerby. 
1841.  Professor  Edward  Forbes. 
1842.  Professor  John  Morris. 
1843.  Professor  John  Moms. 
1844.  Mr.  William  Lonsdale. 
1845.  Mr.  Geddes  Bain. 
1846.  Mr.  William  Lonsdale. 

1847.  M.  Alcide  d'Orbigny. 
I  Cape-of-Good-Hope  Fossils. 
|  M.  Alcide  d'Orbigny. 1849.  Mr.  William  Lonsdale. 

1850.  Professor  John  Morris. 
1851.  M.  Joachim  Barrande. 
1852.  Professor  John  Morris. 
1853.  Professor  L.  G.  de  Koninck. 
1854.  Mr.  S.  P.  Woodward. 
1855.  Drs.  G.  and  F.  Sandberger. 
1856.  Professor  G.  P.  Deshayes. 
1857.  Mr.  S.  P.  Woodward. 

1858.  Mr.  James  Hall. 
1859.  Mr.  Charles  Peach. 

\  Professor  T.  Rupert  Jones. iybU'  ) Mr.  W.  K.Parker. 

1861.  Professor  A.  Daubree. 
1862.  Professor  Oswald  Heer. 
1863.  Professor  Ferdinand  Senft. 
1864.  Professor  G.  P.  Deshayes. 
1865.  Mr.  J.  W.  Salter. 
1868.  Dr.  Henry  Woodward. 
1867.  Mr.  W.  H.  Baily. 
1868.  M.  J.  Bosquet. 
1869.  Mr.  W.  Carruthers. 
1870.  M.  Marie  Rouault. 
1871.  Mr.  R.  Etheridge. 
1872.  Mr.  James  Croll. 
1873.  Professor  J.  W.  Judd. 
1874.  Dr.  Henri  Nyst. 
1875.  Mr.  L.  C.  Miall. 
1876.  Professor  Giuseppe  Seguenza. 
1877.  Mr.  R.  Etheridge,  Jun. 
1878.  Mr.  W.  J.  Sollas. 
1879.  Mr.  S.  Allport. 
1880.  Mr.  Thomas  Davies. 
1881.  Dr.  R.  H.  Traquair. 

AWARDS  OF  THE  MURCHISON  MEDAL 

AND  OF  THE 

BOCEEDS  OF  "  THE  MURCHISON  GEOLOGICAL  FUND,'' 
ESTABLISHED  UNDER  THE  WILL  OF  THE  LATE 

SIR  RODERICK  IMPEY  MURCHISON,  Bart.,  F.R.S.,  F.G.S. 

"  To  be  applied  in  every  consecutive  year  in  such  manner  as  the  Council 
of  the  Society  may  deem  most  useful  in  advancing  geological  science. 



20 PKOCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

whether  by  granting  sums  of  money  to  travellers  in  pursuit  of  know- 
ledge, to  authors  of  memoirs,  or  to  persons  actually  employed  in  any 

inquiries  hearing  upon  the  science  of  geology,  or  in  rewarding  any 
such  travellers,  authors,  or  other  persons,  and  the  Medal  to  be  given 
to  some  person  to  whom  such  Council  shall  grant  any  sum  of  money 

or  recompense  in  respect  of  geological  science." 

1873.  Mr.  William  Davies.  Medal 
1873.  Professor  Oswald  Heer. 
1874.  Dr.  J.  J.  Bigsby.  Medal. 
1874.  Mr.  Alfred  Bell. 
1874.  Mr.  Ralph  Tate. 
1875.  Mr.W.  J.  Henwood.  Medal. 
1875.  Prof.  H.  G.  Seeley. 
1876.  Mr.A.R.C.Selwyn.  Medal. 
1876.  Mr.  James  Oroll. 

1877.  Rev.  W.  B.  Clarke.  Medal 
1877.  Rev.  J.  F.  Blake. 
1878.  Dr.  H.  B.  Geinitz.  Medal 
1878.  Mr.  C.  Lapworth. 

1879.  Professor  F.  M'Coy.  Medal 
1879.  Mr.  J.W.  Kirkby. 
1880.  Mr.  R.  Etheridge.  Medal 
1881.  Professor  A.  Geikie.  Medal 
1881.  Mr.  F.  Rutley. 

AWARDS  OF  THE  LYELL  MEDAL 

AND  OP  THE 

PROCEEDS  OF  THE  (i  LYELL  GEOLOGICAL  FUND/' 

ESTABLISHED  UNDER  THE  WILL  AND   CODICIL  OF  THE  LATE 

SIE  CHAELES  LYELL,  Bart.,  F.R.S.,  RG.S. 

The  Medal  "  to  be  given  annually  "  (or  from  time  to  time)  "  as  a  mark  of 
honorary  distinction  as  an  expression  on  the  part  of  the  governing 
body  of  the  Society  that  the  Medallist  has  deserved  well  of  the 

Science," — "not  less  than  one  third  of  the  annual  interest  [of  the 
fund]  to  accompany  the  Medal,  the  remaining  interest  to  be  given  in 
one  or  more  portions  at  the  discretion  of  the  Council  for  the  encou- 

ragement of  Geology  or  of  any  of  the  allied  sciences  by  which  they 

shall  consider  Geology  to  have  been  most  materially  advanced." 

1876.  Professor     John  Morris. 
Medal 

1877.  Dr.  James  Hector.  Medal 
1877.  Mr.  W.  Pengelly. 
1878.  Mr.  G.  Busk.  Medal. 
1878.  Dr.  W.  Waagen. 
1879.  Professor  Edmond  Hebert. 

Medal 

1879.  Professor  H.  A.  Nicholson. 
1879.  Dr.  Henry  Woodward. 
1880.  Mr.  John  Evans.  Medal 
1880.  Professor  F.  Quenstedt. 
1881.  Professor  J.  W.  Dawson. 

Medal 
1881.  Dr.  Anton  Fritsch. 
1881.  Mr.  G.  R,  Vine. 
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AWARDS  OF  THE  BIGSBY  MEDAL, 

FOUNDED  BY 

Dr.  J.  J.  BIGSBY,  F.R.S.,  F.G.S. 

To  be  awarded  biennially  "  as  an  acknowledgment  of  eminent  services 
in  any  department  of  Geology,  irrespective  of  the  receiver's  country  ; 
but  he  must  not  be  older  than  45  years  at  his  last  birthday,  thus 
probably  not  too  old  for  further  work,  and  not  too  young  to  have  done 

much." 
1877.  Professor  O.  C.  Marsh.         I    1881.  Dr.  Charles  Barrois. 
1879.  Professor  E.  D.  Cope. 

VOI,.  XXXVII. c 
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Estimates  for 

INCOME  EXPECTED. 

£    s.   d.     £    s.  d. 

Due  for  Subscriptions  for  Quarterly  Journal  . .      3    5  4 

Due  for  Arrears  of  Annual  Contributions  210    0  0 

Due  for  Arrears  of  Admission-fees  „    44    2  0 
 .  257   7  4 

Estimated  Ordinary  Income  for  1881 : — 

Annual  Contributions  from  Resident  Fellows,  and  Non- 
residents of  1859  to  1861    1400   0  0 

Admission-fees   252    0  0 

Compositions  -   241  10  0 
Annual  Contributions  in  advance    12  12  0 

Dividends  on  Consols  and  Reduced  3  per  Cents   238  10  2 

Advertisements  in  Quarterly  Journal   7  10  0 

Sale  of  Transactions,  Library-catalogues,  Orme- 

rod's  Index,  and  Hocbstetter's  New  Zealand . .    30    0  0 

Sale  of  Quarterly  Journal,  including  Longman's 
account    215    0  0 

Sale  of  Geological  Map,  including  Stanford's 
account   25   0  0 

  270   0  0 

Sale  of  Stock  for  Library  Catalogue    268  10  0 

£2947  19  6 

J.  GrWTN  JEFFREYS,  Treas, 
12  Feb.  1881. 
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the  Year  1881. 

EXPENDITURE  ESTIMATED. 

£  s.  d. 
House  Expenditure : 

Taxes  and  Insurance                                       33  10  0 
Gas.,                                                        25  0  0 
Fuel                                                          40  0  0 
Furniture                                                     20  0  0 

House-repairs  and  Maintenance                       35  0  0 
Annual  Cleaning                                            20  0  0 
Washing  and  sundry  small  Expenses                 40  0  0 
Tea  at  Meetings                                             20  0  0 

233  10  0 
Salaries  and  Wages : 

Assistant  Secretary    350    0  0 
Clerk   140   0  0 
Assistant  in  Library  and  Museum   110    0  0 
House  Steward   105    0  0 
Housemaid    40    0  0 
Errand  Boy    32  10  0 
Charwoman  and  Occasional  Assistance   50    0  0 
Attendants  at  Meetings    8  10  0 
Accountants   8    8  0 

844 

Official  Expenditure : 
Stationery   25    0  0 
Miscellaneous  Printing    24    0  0 
Diagrams  at  Meetings   5    0  0 
Postages  and  other  expenses    75    0  0 

  129    0  0 

Library    150    0  0 
Museum   5    0  0 

Publications : 
Geological  Map   50    0  0 
Quarterly  Journal    £915    0  0 

„  Commission, 
Postage,  and  Addressing...     85    0  0  1000   0  0 

List  of  Fellows   36    0  0 
Abstracts,  including  Postage    95    0  0 
Library  Catalogue    268  10  0 

  1449  10  0 

Balance  in  favour  of  the  Society   136  11  6 

£2947  19  6 
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Income  and  Expenditure  during  the 

RECEIPTS. 
£     s.    d.     £     s.  d. 

Balance  in  Bankers'  hands,  1  January  1880 .    14    4  1 
Balance  in  Clerk's  hands,  1  January  1880  .      1  11  8   15  15  9 

Compositions   241  10  0 
Arrears  of  Admission-fees   88    4  0 

Admission-fees,  1880    308  14  0   396  18  0 

Arrears  of  Annual  Contributions   189  11  6 

Annual  Contributions  for  1880,  viz. : — 
Resident  Fellows  £1329  16  6 
Non-Resident  Fellows  ...      26  15  6  1356  12  0 

Annual  Contributions  in  advance   23    2  0 

Journal  Subscriptions  in  advance    0  16  4 
Dividends  on  Consols    207    1  10 

„        Eeduced  3  per  Cents   30    7  6   237    9  4 

Taylor  &  Francis  :  Advertisements  in  Journal,  Vol.  35 . .  7  17  0 
Publications  : 

Sale  of  Transactions   
Sale  of  Library  Catalogue  
Sale  of  Geological  Mapt  
Sale  of  Ormerod's  Index  
Sale  of  Hochstetter  s  New  Zealand   

*Due  from  Messrs.  Longman,  in  addition  to  the 
above,  on  J ournal,  Vol.  36,  &c  

tDue  from  Stanford  on  account  of  Geological  Map 

126  13 
8 

93  12 4 
0  14 9 2  5 

0 26  0 

10 2  2 
10 0  16 0 

61  3 1 
8  10 1 

<£69  13 2 

252    5  5 

.£2721  17  4 

"We  have  compared  the  Books  and Accounts  presented  to  us  with  this 
statement,  and  we  find  them  to  agree. 

(Signed)     J.  CLARKE  HAWKSHAW, 
P.  G.  HILTON  PRICE, } 

Auditors. 

27  Jan.  1881. 
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Year  ending  31  December,  1880. 

EXPENDITURE. 

General  Expenditure:  £   s.  d.        £   s.  d. 
Taxes   
Fire-insurance   

House-repairs Fuel   

Mi 

£  8. 

ff. 

18  5 
10 12  0 0 

20  15 6 
..    33  16 8 

38  15 0 
23  12 5 
113  1 7 
20  10 4 52  7 6 18  17 6 

352    2  4 

Salaries  and  Wages  : 
Assistant  Secretary  (five  quarters)   437  10  0 
Clerk    140    0  0 
Library  and  Museum  Assistants   140    8  4 
House  Steward    105    0  0 
Housemaid   40    0  0 
Occasional  Attendants   8  10  0 
Accountants   ,   7    7  0 

  878  15  4 

Library   149  12  4 
Miscellaneous  Expenses,  including  postages    71  16  9 
Diagrams  at  Meetings    3  14  0 
Investment  in  £100  Consols   98  10  0 

Publications : 

Geological  Map   1  14  0 
Journal,  Yols.  1-35    9  14  7 

Vol.  36   =£877  10  5 
„  „  Commission, 
Postage,  and  Addressing...      82  15  11   960    6  4 

Abstracts    93    3  1 
  1064  18  0 

Balance  in  Bankers'  bands,  31  Dec.  1880 .  .  96  0  6 
Balance  in  Clerk's  hands,  31  Dec.  1880    ..6    8  1   102    8  7 

£2721  17  4 
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Award  of  the  Wollaston  Medal. 

The  Reports  of  the  Council  and  of  the  Committees  having  been 
read,  the  President,  Robert  Etheridge,  Esq.,  F.R.S.,  presented 
the  Wollaston  Gold  Medal  to  Prof.  P.  Martin  Duncan,  M.B. 
Lond.,  F.R.S.,  F.G.S.,  and  addressed  him  as  follows  : — 

Professor  Duncan, — 

It  is  with  no  ordinary  pleasure  that  the  Council  have  awarded  to 
you  the  Wollaston  Medal,  the  highest  honour  that  it  is  in  their 
power  to  bestow,  in  recognition  of  the  valuable  services  which  you 
have  rendered  during  so  many  years  to  the  advancement  of  Geology, 
and  especially  of  Palaeontology ;  and  I  may  add  that  it  is  equally 
productive  of  gratification  to  me  that  this  honour  is  to  be  formally 
conferred  upon  you  by  my  hands.  Since  the  year  1863  palaeonto- 

logists have  been  indebted  to  you  for  no  fewer  than  twenty-six 
memoirs  relating  to  the  history,  structure,  and  distribution  of  the 
fossil  Actinozoa,  a  group  which  you  have  made  peculiarly  your 
own  by  long-continued  and  most  careful  researches.  Further,  you 
have  enriched  the  publications  of  the  Palaeontographical  Society 
with  several  most  important  treatises  on  the  British  Fossil  Corals, 
supplementary  or,  rather,  perhaps,  complementary  to  the  classical 
Monograph  of  MM.  Milne-Edwards  and  Haime. 

These  labours  alone,  and  the  value  of  their  results,  might  have 
justified  the  Council  in  awarding  you  the  Wollaston  Medal;  but 
besides  your  researches  upon  the  Actinozoa,  we  have  to  point  to 
several  important  papers  upon  the  fossil  Echinodermata,  to  others 
relating  to  subjects  of  Physical  Geology  (also  freely  touched  upon 
in  your  more  special  memoirs),  and  particularly  to  your  exceedingly 
important  work  in  connexion  with  the  Geological  Survey  of  India, 
in  describing  the  fossil  corals  of  that  Peninsula,  and  discussing  the 
questions  of  both  zoological  and  geological  interest  which  naturally 
arise  out  of  the  study  of  those  organisms.  Few,  indeed,  of  our 
Fellows  are  in  a  better  position  to  appreciate  your  valuable  labours 
than  myself;  scarcely  a  day  passes  that  I  have  not  occasion  to 
consult  one  or  more  of  your  contributions  ;  and  the  more  I  consult 
them  the  more  I  am  convinced  of  their  value.  Patiently  and  un- 

obtrusively, for  nearly  twenty  years,  you  have  followed  out  the 
line  of  research  necessary  for  the  fulfilment  of  your  self-imposed 
task;  you  have  sacrificed  the  advantages  of  professional  life  to 
devote  your  energies  to  the  advancement  of  science ;  for  seven 
years  (from  1864  to  1870)  you  gave  the  Society  the  benefit  of  your 
services  as  one  of  its  Honorary  Secretaries,  and  for  two  years 
(1876,  1877)  you  worthily  occupied  the  Presidential  Chair.  Such 
considerations  as  these  would  not  alone,  perhaps,  have  warranted 
the  award  of  the  Council;  but  the  recollection  of  such  services 
rendered  to  the  Society  is  hardly  out  of  place,  as  supplementing 
those  more  generally  appreciable  merits  upon  which  the  award  was 
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really  founded.  On  all  accounts  it  is  with  much  pleasure  that  I 
hand  to  you  the  Wollaston  Medal. 

Professor  Duncan,  in  reply,  said, — 

Mr.  President, — 

The  gift  which  you  have  presented  to  me,  in  the  name  of  the 
Geological  Society,  I  receive  with  feelings  of  great  respect  and 
thankfulness.  This  Medal  comes  to  me  bringing  a  twofold  pleasure ; 
for  it  is  a  distinction  which  has  been  hallowed  and  ennobled  from 
its  reception  by  a  long  succession  of  illustrious  men,  amongst  whom 
were  the  founders  of  our  science,  our  teachers,  and  many  of  our 
best  friends  ;  and  because,  in  presenting  it  to  me,  you  have  spoken 
so  sympathetically  in  appreciation  of  my  scientific  work — work 
which  I  have  been  enabled  to  bring  before  the  world  in  consequence 
of  the  advantages  which  this  Society  has  placed  within  my  reach. 
Cheered  by  this  expression  of  your  approbation,  I  shall  labour  on 
in  this  our  common  and  much-loved  science,  endeavouring  always 
to  merit  the  esteem  of  the  Eellows  of  this  Society. 

Award  oe  the  Murchison  Medal. 

The  President  then  presented  the  Murchison  Medal  to  Prof. 
Archibald  Geikie,  F.R.S.,  E.G.S.,  and  addressed  him  as  follows : — ■ 

Prof.  Geikie, — 

If  any  one  Eellow  of  our  Society  more  than  another  could  be 
selected  to  receive  the  Murchison  Medal  for  his  valuable  contri- 

butions to  Geology,  it  would  be  yourself ;  since  no  man  living  has 
contributed  more  to  the  advancement  of  that  science  which  it  is  the 
special  object  of  our  Society  to  cultivate  and  diffuse.  Your  labours 
in  the  field  connected  with  your  duties  as  Director  of  the  Geolo- 
logical  Survey  of  Scotland,  your  learned  and  valuable  contributions  to 
the  Journal  of  our  Society,  the  Transactions  of  the  Eoyal  Society 
of  Edinburgh,  the  Glasgow  Geological  Society,  and  other  pub- 

lications too  numerous  to  mention,  eminently  qualify  you  to  be  the 
recipient  of  the  Medal  founded  by  your  late  chief  and  friend  Sir 
Roderick  Murchison.  To  enumerate  your  contributions  to  the 
literature  of  the  geology  of  Scotland,  or  your  many  important 
writings  connected  with  our  science,  would  lead  me  too  far 
■ — some  thirty  papers,  besides  educational  works,  have  resulted 
from  your  industry  and  knowledge.  Your  able  paper  on  the  "  Old 
Red  Sandstone  of  Scotland,"  published  in  the  Transactions  of  the 
Royal  Society  of  Edinburgh,  would  of  itself  entitle  you  to  the  highest 
consideration  of  the  Society.  Able,  indeed,  are  other  contributions, 
especially  those  "  On  the  Chronology  of  the  Trap  Rocks  of  Scot- 

vol.  xxxvii.  d 
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land,"  "  On  the  Date  of  the  last  Elevation  of  Central  Scotland  "  (in 
vol.  xviii.  of  onr  Journal),  "  On  the  Phenomena  of  Succession 
amongst  the  Silurian  Rocks  of  Scotland "  (Trans.  Glasgow  Geol. 
Soc.  vol.  iii.),  and  "  On  Earth  Sculpture."  The  Council  believed, 
too,  that  it  would  be  gratifying  to  you  to  receive  as  a  mark  of  their 
esteem  and  sense  of  your  untiring  labours,  the  Medal  founded  by 
one  with  whom  in  earlier  life  you  were  closely  associated,  and 
whose  endowed  Chair  of  Geology  in  the  University  of  Edinburgh 
you  have  been  the  first  to  fill. 

Prof.  Geieie,  in  reply,  said, — 

Mr.  President, — 

If  any  thing  could  add  to  the  gratification  with  which  I  receive 
this  honour  from  the  Geological  Society,  it  would  be  the  very  kind 
and  flattering  terms  in  which  you,  Sir,  have  made  the  award,  and 
the  Eellows  have  been  pleased  to  receive  the  announcement.  The 
Geological  Society  of  London  has  always  seemed  to  me  to  be  truly 
the  Geological  Society  of  the  British  Empire,  electing  its  Eellows 
and  bestowing  its  rewards,  not  in  a  local,  but  in  a  truly  catholic  and 
generous  spirit.  This  conviction  was  renewed  and  strengthened  in 
my  mind  on  receipt  of  the  unexpected  intimation  of  the  bestowal  of 

one  of  the  Society's  Medals  upon  myself,  as  my  contributions  to 
science  have  but  rarely  appeared  in  the  Society's  publications,  and 
I  am  so  seldom  able  to  be  present  within  the  Society's  walls.  I 
receive  the  Medal  with  peculiar  pleasure ;  first,  as  a  valuable  mark 

of  the  Society's  recognition,  and  next,  as  another  link  of  association 
with  the  memory  of  Murchison,  which  is  one  of  the  most  precious  * 
possessions  of  my  life. 

A  WARD  OF  THE  LyELL  MEDAL. 

The  President  next  handed  the  Lyell  Medal  to  Mr.  Warington 

W.  Smyth,  E.R.S.,  E.G.S.,  for  transmission  to  Dr.  J".  W.  Dawson, 
E.P.S.,  E.G.S.,  of  Montreal,  and  addressed  him  as  follows  : — 

Mr.  Warington  Smyth, — 

Sir  Charles  Lyell,  in  founding  the  Medal  that  bears  his  name, 
intended  that  it  should  serve  as  a  mark  of  honorary  distinction, 
and  as  an  expression  on  the  part  of  the  governing  body  of  the 
Society  of  their  opinion  that  the  Medallist  has  deserved  well  of 
science.  I  need  hardly  say  that  the  Council,  in  awarding  the  Lyell 
Medal  to  Principal  Dawson,  have  done  so  with  a  sincere  apprecia- 

tion of  the  high  value  of  his  truly  great  labours  in  the  cause  of 
Palaeontology  and  Geology.  When  I  refer  to  his  published  papers, 
I  find  that  they  number  nearly  120,  and  that  they  give  the  results 
of  most  extensive  and  valuable  researches  in  various  departments  of 
geology,  but  more  especially  upon  the  palaeontology  of  the  Devonian 
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and  Carboniferous  formations  of  Northern  America.  No  fewer  than 
30  of  these  papers  have  appeared  in  the  pages  of  our  own  Quarterly 
Journal.  Considering  the  nature  of  these  numerous  contributions, 
the  Council  would  have  been  fully  justified  in  awarding  to  Dr. 
Dawson  one  of  its  Medals,  upon  the  sole  ground  of  the  value  of  their 
contents  ;  but  these  are  far  from  representing  the  whole  of  the  results 
of  his  incessant  activity  in  the  pursuit  of  science.  His  '  Acadian 
Geology/  '  Post-pliocene  Geology  of  Canada,'  and  '  Fossil  Plants  of 
the  Devonian  and  Upper  Silurian  of  Canada  '  are  most  valuable  con- 

tributions to  our  knowledge  of  North  American  Geology  ;  whilst  in 

his  '  Archaia,'  '  The  Dawn  of  Life,'  and  other  more  or  less  popular 
writings,  he  has  appealed,  and  worthily,  to  a  wider  public.  We  are 
indebted  to  his  researches  for  nearly  all  our  knowledge  of  the  fossil 
flora  of  the  Devonian  and  other  Precarboniferous  rocks  of  America, 
and  of  the  structure  and  flora  of  the  Nova-Scotian  coal-field ;  and, 
finally,  I  must  refer  especially  to  his  original  investigation  of  the 
history,  nature,  and  affinities  of  Eozoon.  These  researches  are  so 
well  known  that  they  have  gained  for  Dr.  Dawson  a  world-wide 
reputation  ;  and  it  is  as  a  slight  mark  of  their  esteem,  and  their  high 
appreciation  of  his  labours,  that  the  Council  have  awarded  to  him 
this  Medal,  which  I  will  request  you  to  forward  to  him,  with  some 
verbal  expression  of  the  feeling  with  which  it  is  offered. 

Mr.  Warington  W.  Smyth,  in  reply  said — 

That  it  gave  him  much  pleasure  to  receive  this  Medal  for  Dr. 
Dawson,  who  much  regretted  that  he  was  unable  personally  to  be 
present,  but  had  addressed  a  letter  to  the  President  expressing  his 
sense  of  the  honour  conferred  upon  him,  in  the  following  terms : — 

"  I  regret  that  distance  and  the  claims  of  other  duties  prevent 
me  from  appearing  in  person  to  express  to  the  Geological  Society 
my  sense  of  the  honour  conferred  upon  me  by  the  award  of  the 
Lyell  Medal. 

"  This  expression  of  approval  on  the  part  of  those  whose  good 
opinion  I  value  so  highly  is  doubly  grateful  to  one  who  is  so  deeply 
sensible  of  the  imperfection  of  scientific  work  done  in  circumstances 
of  isolation  from  the  greater  centres  of  scientific  life,  and  under  the 
pressure  of  the  severe  demands  made  in  a  new  and  growing  country 
on  those  engaged  in  educational  pursuits. 

"  It  is  further  especially  gratifying  to  me  that  this  token  of  your 
kindly  recognition  is  connected  with  the  illustrious  and  honoured 
name  of  Sir  Charles  Lyell.  Forty  years  ago  the  foundation  of  my 
geological  education  was  laid  by  the  late  Prof.  Jameson  and  other 
able  educators  in  natural  science,  his  contemporaries,  in  Edinburgh ; 
but  in  so  far  as  I  have  been  able  to  build  any  thing  worthily  on 
this  substructure,  the  credit  is  due  to  the  study  of  the  4  Principles 
of  Geology,'  and  to  the  personal  friendship  and  generous  kindness 
of  Sir  Charles  Lyell  more  than  to  any  other  cause." 
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Aw  ABE  OE  THE  BiGSBY  MEDAL. 

The  President  then  handed  the  Bigsby  Medal  to  Prof.  Morris, 
E.G.S.,  for  transmission  to  Dr.  Chaeles  Barrois,  and  addressed  him 
as  follows : — 

Prof.  Morris,- — 

The  Council  of  this  Society  have  selected  Dr.  Charles  Barrois  to  be 
the  recipient  of  the  Bigsby  Medal,  and  have  awarded  it  to  him 
for  his  numerous  papers  and  contributions  to  geological  science. 

Dr.  Barrois's  chief  or  most  important  work  (written  in  the  year 
1876,  and  published  at  Lille)  is  entitled  '  Becherches  sur  le  terrain 
cretace  superieur  de  l'Angleterre  et  de  lTrlande,'  a  production  almost 
exhaustive  in  its  description  of  the  Cretaceous  rocks  of  England 
and  Ireland,  and  of  the  utmost  value  to  English  students  of 
geology.  Dr.  Barrois  in  this  work  has  been  the  first  to  attempt  to 
arrange  the  English  Cretaceous  rocks  in  Palseontological  zones,  and 
eminently  has  he  succeeded  in  denning  and  correlating  the  horizons 
of  France  and  Britain.  He  is  also  the  author  of  a  '  Memoire  sur 
le  terrain  cretace  du  Bassin  d?Oviedo,  Espagne,'  with  a  palaeonto- 
logical  description  of  the  Echinodermata  by  Gustave  Cotteau.  His 
great  industry  and  untiring  zeal  for  geological  science  entitle  him 
to  the  consideration  of  the  Council ;  and  I  therefore  beg  you  to  for- 

ward to  him  the  Bigsby  Medal  as  our  recognition  of  his  services, 
and,  according  to  the  wishes  of  the  founder,  we  look  forward  to 
other  and  equally  valuable  contributions. 

Prof.  Morris,  in  reply,  said  : — 

Mr.  President, 

I  have  much  pleasure  in  receiving  the  Bigsby  Medal  for  transmis- 
sion to  Dr.  C.  Barrois  in  recognition  of  his  labours  for  the  promotion 

of  geological  science.  I  feel  assured  that  while  he  will  fully  appre- 
ciate the  award,  it  will  be  also  satisfactory  to  his  geological  col- 

leagues in  the  north  of  Erance,  and  especially  to  that  energetic  and 
accomplished  geologist,  Prof.  Gosselet,  under  whose  tuition  and  en- 

couragement he  has  been  partly  stimulated  to  prosecute  those 
researches  which  have  this  day  been  recognized  by  the  Council  of 
the  Geological  Society. 

Not  only,  Sir,  as  you  have  justly  stated,  has  Dr.  Barrois  contri- 
buted to  our  knowledge  of  the  physical  and  pakeontological  con- 

ditions of  the  Cretaceous  rocks  of  the  north  of  Erance  and  of  this 
country,  but  among  other  researches  he  has  been  occupied  with  the 
Palaeozoic  strata  of  Brittany  and  also  of  Northern  Spain,  on  which 
latter,  he  informs  me,  a  memoir  will  shortly  be  published.  In  con- 
lusion  I  may  read  the  following  extract  from  a  letter  received  from 
Dr.  C.  Barrois,  who  regrets  exceedingly  that  a  previous  engagement 
rendered  it  impossible  for  him  to  express  personally  his  grateful 
sense  of  the  honour  done  to  him  by  this  award.    He  says  : — 
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"  "Will  you  please  present  my  best  thanks  to  the  Society  for having  judged  my  labours  for  the  advancement  of  geological  science 
worthy  of  the  Bigsby  Medal. 

4 '  It  is  a  great  and  quite  unexpected  honour  for  me  to  have  my 
name  on  the  list  of  all  the  good  geologists  who  have  received  the 
Medals  of  the  old  and  illustrious  London  Geological  Society.  By 
the  award  of  the  Bigsby  Medal  I  feel  myself  honoured  in  the  highest 
degree,  as  nothing  can  be  more  precious  to  a  scientific  man  than 
the  recognition  of  his  endeavours  by  the  masters  and  leaders  of  his 
own  special  science.  I  was  already  greatly  indebted  to  English 
geologists  as  having  so  often  used  and  profited  by  their  works  during 
my  travels  in  Great  Britain.  I  now  incur  a  new  debt  to  them,  as 
the  Bigsby  Medal  conferred  upon  me  is  given,  according  to  the 

donor's  bequest,  '  to  those  not  too  old  for  further  work.'  I  am  thus 
mightily  stimulated  to  work  for  the  performance  of  my  duty  ;  I  will 
endeavour  to  discharge  it  and  to  become  worthy  of  so  high  an  en- 
couragement." 

Award  oe  the  Wollaston  Donation  Fund. 

In  handing  to  Prof.  J.  W.  Jedd,  F.R.S.,  Sec.  G.S.,  the  balance  of 
the  Wollaston  Donation  Fund  for  transmission  to  Dr.  Ramsay  H. 

Traqeair,  F.G.S.,  the  President  said : — 

Professor  Jedd, — 

In  handing  to  you,  to  be  forwarded  to  Dr.  Traquair,  the  balance 
of  the  proceeds  of  the  Wollaston  Donation  Fund,  I  have  to  request 
that  you  will  inform  him  of  the  feeling  of  the  Council,  that  it  is 
rarely  that  they  can  have  the  opportunity  of  awarding  this  fund  to 
a  more  able  and  accomplished  naturalist  than  himself.  His  long- 
continued  researches  upon  the  Ganoid  Fishes  of  the  Carboniferous 
formation  have  rendered  his  name  eminent  in  this  department  of 
Palaeontology.  As  an  accomplished  anatomist  and  zoologist,  we 
must  have  every  confidence  that  his  treatment  of  these  Vertebrates  in 
the  memoir  which  he  is  contributing  to  the  publications  of  the 
Palseontographical  Society  will  be  of  the  most  careful  and  judicious 
description,  whilst  the  value  of  this  and  his  other  works  is  vastly 
enhanced  by  the  beautiful  figures  with  which  he  illustrates  them. 
Under  these  circumstances  it  affords  me  much  pleasure  to  place  in 
your  hands,  for  transmission  to  Dr.  Traquair,  the  balance  of  the 
Wollaston  Fund,  which  I  hope  he  will  receive  as  some  recognition 
on  the  part  of  the  Society  of  the  value  of  his  researches,  and,  at  the 
same  time,  as  a  small  aid  to  him  in  further  prosecuting  them. 

Prof.  Jedd,  in  reply,  read  the  following  communication,  received 
from  Dr.  Traqeair  — 

"  Mr.  President,-— 

"  Permit  me  cordially  to  thank  the  Geological  Society  for  the 
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honour  which  it  has  conferred  upon  me  by  adding  my  name  to  the 
list  of  those  who,  in  former  years,  have  received  this  award. 

"  If  the  subject  of  Fossil  Ichthyology  is  not  only  fascinating,  but 
essential  to  the  student  interested  in  the  great  problems  of  Verte- 

brate Morphology  and  Descent,  it  cannot  fail  also  to  be  of  import- 
ance to  the  geologist,  who,  calling  to  his  assistance  every  available 

branch  of  natural  knowledge,  seeks  to  arrive  at  a  scientific  concep- 
tion of  the  past  history  of  the  earth  and  its  living  inhabitants.  It 

is,  therefore,  very  gratifying  to  me  to  receive  from  the  Geological 
Society  of  London  this  very  unexpected  token  of  sympathy  and 
recognition,  considering  that  the  amount  of  work  which  I  have  been 
able  to  achieve  in  this  field  is  as  yet  comparatively  small.  It  will, 
however,  stimulate  me  to  further  exertions  ;  for  the  field  is  itself  a 
large  one,  and  in  spite  of  the  magnificent  labours  of  Agassiz  and 
the  accumulated  researches  of  many  other  writers,  still  affords  room 

for  plenty  of  work.*' 

A  WARD  OF  THE  MURCHISON  GEOLOGICAL  FUND. 

The  President  next  presented  the  balance  of  the  proceeds  of  the 
Murchison  Donation  Fund  to  Frank  Rutley,  Esq.,  F.G.S.,  and 
addressed  him  in  the  following  words  : — 

Mr.  Btjtley, — - 

For  many  years  you  have  devoted  your  time  and  attention  to  the 
microscopical  structure  of  rocks  and  rock-forming  minerals,  a  branch 
of  scientific  research  of  the  highest  importance  to  the  petrologist 
and  geologist ;  and  now  that  our  attention  is  being  so  much  drawn 
to  the  structure  of  the  metamorphie  and  igneous  rocks,  with  a  view 
to  a  better  nomenclature  and  a  revision  of  old  and  obsolete  views, 
the  Council  of  our  Society  believed  that  in  your  hands  good  work 
would  still  be  carried  on ;  they,  therefore,  have  awarded  to  you 
the  balance  of  the  Murchison  Fund,  which  I  have  much  pleasure  in 
handing  to  you  in  recognition  of  your  past  researches,  the  results  of 
which  you  have  from  time  to  time  communicated  to  the  Journal  of 
the  Society.  Few  are  more  aware  than  myself  of  the  interest  you 
take  in  this  branch  of  study,  and  it  affords  me  much  gratification 
to  be  the  medium  of  conveying  to  you  the  appreciation  of  the  Council 
and  the  accompanying  fund. 

Mr.  Rutley,  in  reply,  said  that  he  felt  deeply  the  honour  thus 
conferred  upon  him,  which  was  additionally  gratifying  to  him  per- 

sonally, as  it  was  associated  with  the  name  of  a  former  distinguished 
Director-General  of  the  Geological  Survey.  With  regard  to  his  own 
special  work,  to  which  the  President  had  alluded  in  such  kind  terms 
of  praise,  he  remarked  that  in  all  such  work  the  investigator  is 
particularly  liable  to  fall  into  error,  and  that  all  special  microscopical 
researches  upon  petrological  subjects  need  to  be  constantly  checked 
by  observations  in  the  field.  It  was  a  further  gratification  to  him 
to  receive  the  award  of  the  Council,  for  which  he  wished  to  express 
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his  gratitude,  from  the  hands  of  an  old  teacher,  to  whose  instructions 
he  was  indebted  for  the  habits  of  minute  and  careful  investigation 
inculcated  in  his  lectures. 

Award  of  the  Lyell  Geological  Fund. 

In  presenting  to  G.  E.  Vine,  Esq.,  one  moiety  of  the  balance  of 
the  proceeds  of  the  Lyell  Donation  Fund,  the  President  addressed 
him  as  follows  : — 

Mr.  Vine, — 

A  moiety  of  the  balance  of  the  proceeds  of  the  Lyell  Geological 
Fund  has  been  awarded  to  you  by  the  Council  of  the  Geological 
Society.  In  making  this  award  the  Council  were  actuated  in  part 
by  the  wish  to  express  their  sense  of  the  value  of  your  researches 
upon  the  fossil  Bryozoa  of  the  Palaeozoic  rocks,  as  evinced  especially 
by  your  published  writings  on  the  Diastoporidse,  an  exceedingly 
difficult  group,  and  in  part  by  their  desire  to  assist  you  in  the 
further  prosecution  of  your  investigations.  I  have  much  pleasure 
in  handing  to  you  this  small  testimony  of  the  appreciation  of  the 
Council. 

Mr.  Vine,  in  reply,  said : — 

Mr.  President, — 

I  receive  through  you  this  token  of  recognition,  on  the  part  of  the 
Council,  of  my  humble  labours,  with  mingled  feelings  of  pleasure 
and  pride.  I  cannot,  at  present,  understand  the  reason  why  I 
should  be  selected  as  one  of  the  recipients  of  the  Lyell  Fund.  It 
cannot  be  for  what  I  have  done  for  science  ;  for,  as  yet,  my  name  is 
young ;  it  must  be  that,  having  looked  upon  my  labours  with  favour, 
the  Council  desires  to  stimulate  me  to  further  exertions.  If  such  be 
the  motive,  I  shall  do  my  utmost  to  fulfil  the  higher  promise  which 
my  hitherto  crude  efforts  have  awakened.  When,  some  years  ago,  I 
began  to  study  the  Carboniferous  Polyzoa,  I  wrote  to  Prof.  Duncan, 
F.E.S.,  asking  for  certain  information  respecting  these  Polyzoa  ;  he 
wrote  me  back  word  saying  that  he  did  not  know  much  about  the 
species  himself,  and  he  did  not  think  that  there  were  many  men  in 
England  who  did ;  but  he  counselled  me  to  go  to  work  and  find  out 
for  myself,  and  then  he  and  others  would  be  glad  to  know.  Accept- 

ing this  advice,  I  set  to  work,  with  results  which  you  and  the 
Council  so  kindly  acknowledge  to-day  by  this  award. 

From  your  hands,  Mr.  President,  I  feel  also  proud  in  accepting 
the  award.  Many  years  ago,  when  poor  and  unknown,  I  sought 
information  on  this  and  other  things  from  the  cases  of  the  Museum 
of  Practical  Geology.  On  that  occasion  you  helped  me  by  word  and 
deed  to  name  my  private  series  of  fossils — a  kindness  on  your  part 
that  I  never  have  forgotten  or  shall  forget. 
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To  the  Fellows  of  the  Geological  Society  I  also  tender  my  thanks 
for  the  manner  (judging  by  the  discussions  which  have  followed  the 
reading  of  my  papers)  in  which  they  have  received  my  criticisms  on 
a  most  difficult  group  of  fossils.  I  may  differ  from  many  of  you  in 
the  future,  hut  I  shall  hope  to  do  so  in  such  a  manner  as  to  show 
that  I  do  not  forget  that  we  are  fellow-students  and  at  the  same 
time  gentlemen. 

The  President  then  handed  to  Prof.  H.  G.  Seeley,  F.P.S.,  F.G.S., 
for  transmission  to  Dr.  Anton  Fritsch,  of  Prague,  the  second  moiety 
of  the  Lyell  Donation  Fund,  and  said  : — 

Professor  Seeley, — 
The  Council  has  awarded  a  portion  of  the  Lyell  Geological  Fund 

to  Dr.  Anton  Fritsch,  Professor  of  Zoology  in  the  University  of 
Prague,  in  recognition  of  his  valuable  contributions  to  palaeontology. 
Dr.  Fritsch  is  an  accomplished  zoologist,  who  has  enriched  his 
studies  of  many  groups  of  fossils,  invertebrate  and  vertebrate,  with 
admirable  knowledge  of  existing  life.  During  the  last  thirty  years 
Dr.  Fritsch  has  published  about  one  hundred  and  twenty  memoirs, 
many  of  which  relate  to  palaeontology  and  geology.  Besides  scattered 
papers  on  Eozoon,  Callianassa,  and  other  subjects  connected  with  the 
fossil  fauna  of  Bohemia,  Dr.  Fritsch  has  also  published  some  standard 
works  monographing  the  fossils  of  his  native  land.  These  comprise 
memoirs  on  the  Cretaceous  Cephalopods  (1872),  the  Cretaceous  Rep- 
tiles  and  Fish  (1878),  and  his  great  work  on  the  Fauna  of  the  Per- 

mian Rocks  (still  in  progress),  of  which  two  volumes,  devoted  to  Am- 
phibia, have  been  issued.  These  volumes  are  excellent  examples  of 

descriptive  work,  illustrated  worthily,  and  this  award  is  especially 
intended  to  mark  the  sympathy  of  the  Council  with  Dr.  Fritsch  in 
his  endeavours  to  adequately  make  known  the  Permian  fauna,  and 
in  the  hope  that  the  fund  may  assist  him  in  completing  a  work  which 
has  already  taken  high  rank  among  palaeontological  monographs. 

Prof.  Seeley,  in  reply,  said : — 

Mr.  President, — 
Dr.  Fritsch  will,  I  believe,  appreciate  the  honour  of  the  award 

which  you  have  made,  no  less  than  the  words  in  which  you  have  ex- 
pressed the  esteem  in  which  his  work  is  held  in  this  country.  I 

have  seen  the  materials  upon  which  his  studies  of  the  Amphibia  are 
founded,  and  doubt  whether  any  more  important  work  has  been 
done  in  palaeontology  during  the  past  year,  or  whether  it  could  have 
been  accomplished  at  all  by  any  one  less  skilled  in  the  methods  of 
zoology  than  Dr.  Fritsch.  His  enthusiasm  for  research  has  given 
to  his  works  a  wealth  of  illustration  that  will  help  materially  in  the 
advance  of  knowledge,  while  by  electrotyping  the  specimens  he  has 
rendered  them  easily  available  for  study  by  all  anatomists.  I  shall 
have  great  pleasure,  Mr.  President,  in  informing  Dr  Fritsch  of  the 
kindly  way  in  which  your  award  has  been  received  by  the  Society. 
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Robert  Etheridge,  Esq.,  E.R.S. 

In  accordance  with  the  usual  practice,  I  must  commence  my 
Address  with  brief  Obituary  Notices  of  some  of  the  more  promi- 

nent Eellows  and  Members  of  the  Society  whose  loss  we  have 
had  to  deplore  since  the  last  Anniversary  Meeting. 

Searles  Valentine  Wood,  born  Feb.  14,  1798,  died  Oct.  26, 
1880.    He  became  a  Eellow  of  the  Geological  Society  in  1839. 

Mr.  Wood  was  born  on  St.  Valentine's  day ;  hence  his  name. 
He  went  to  sea  as  a  midshipman  in  the  '  Thames  '  (one  of  the  East- 
India  Company's  mercantile  fleet)  in  1811,  and  continued  in  that 
Service  until  the  year  1826,  when,  being  disappointed  in  obtaining 
the  command  of  a  ship  that  had  been  promised  him,  he  retired 
from  a  maritime  life  and  devoted  himself  to  palseontological 
studies.  Settling  in  his  native  place  in  Suffolk,  he  gave  the 
larger  part  of  his  attention  to  the  Crag :  but  he  also  collected  ex- 

tensively from  the  Hampshire  Tertiaries  ;  and  for  the  purpose  of 
working  out  the  relations  of  these  to  the  beds  of  the  Paris  basin, 
he  formed  an  extensive  collection  of  the  Erench  Eocene  Mollusca. 

Erom  these  materials,  and  from  correspondence  with  Deshayes 
and  other  Erench  savans,  he  was  prepared  to  have  taken  up  the 
description  of  the  English  Eocene  Mollusca  long  before  he  actually 
did  so,  circumstances  having  determined  his  undertaking  the  de- 

scription of  the  Mollusca  from  the  Upper  Tertiaries  first.  He 
also  formed  a  considerable  collection  of  recent  Mollusca  for  com- 

parison in  working  out  the  relations  of  the  Mollusca  from  Tertiary 
formations.  Having  left  Suffolk  from  ill  health,  and  settled  in 
London,  he  was  in  1837  introduced  to  Sir  Charles  (then  Mr.) 
Lyell,  and  was  associated  with  him  in  the  endeavour  in  which 
Lyell  was  then  mainly  engaged,  to  work  out  a  better  knowledge  of 
the  Tertiary  formations,  which  up  to  a  period  not  long  before  that 
time  had  been  regarded  as  of  small  account  in  comparison  with 

the  "  Secondary  "  group.  In  this  task  Lyell  relied  principally  on 
S.  V.  Wood  and  the  late  G.  B.  Sowerby  for  the  determination  of 
the  identity  of  the  Molluscan  remains  from  various  countries  with 
those  found  fossil  in  England,  and  with  the  Molluscan  fauna  living 
in  existing  seas,  so  far  as  these  were  then  known.  Mr.  Wood 
also,  for  a  few  months  about  this  time,  acted  as  Curator  of  the 
Museum  of  the  Geological  Society. 

Urged  to  the  task  by  Lyell,  he  commenced  (with  the  coopera- 
tion of  the  present  Mr.  G.  B.  Sowerby  as  engraver  and  intended 

publisher)  the  description  of  the  '  Crag  Mollusca ; '  and  considerable 
progress  had  been  made  with  the  manuscript  and  plates  of  the 

first  or  "  Univalve  "  part  of  this  work,  when  the  Palseontographical 
Society  was  formed,  in  1847;  this  part  formed  the  first  volume  of 
the  magnificent  series  of  scientific  publications  which  have  been 

vol.  xxxvii.  e 
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issued  by  that  Society.  The  rest  of  the  £  Crag  Mollusca '  followed 
in  subsequent  years ;  and  upon  the  completion  of  this  work,  and  in 
recognition  of  his  labours  generally  in  connexion  with  the  Tertiary 
Mollusca,  the  Council  of  the  Geological  Society  awarded  to  Mr. 
Wood  in  the  year  1860  the  Wollaston  Medal.  A  large  supple- 

ment to  this  work,  embod}dng  the  discoveries  which  had  subse- 
quently accumulated,  was  prepared  by  Mr.  Wood ;  and  this,  ac- 

companied by  an  introduction  describing  geologically  the  formations 
from  which  the  remains  embraced  by  the  work  had  been  obtained, 
from  the  pen  of  his  son  and  of  Mr.  F.  W.  Harmer,  was  issued  by 
the  Pakeontographical  Society  in  1871  and  1873.  A  second  sup-, 
plement  followed  this  in  1879  ;  and  Mr.  Wood  was  actively  en- 

gaged, up  to  the  day  of  his  seizure  with  fatal  illness,  on  another 
small  addition.  On  the  completion  of  the  description  of  the  Mol- 
luscan  remains  from  the  Crag,  Mr.  Wood  presented  the  unrivalled 
collection  of  them,  which  he  had  been  forming  during  thirty  years, 
to  the  nation,  in  order  that,  by  being  preserved  intact  in  the 
British  Museum,  the  types  of  all  the  forms  which  had  been  de- 

scribed and  figured  by  him  in  his  work  (save  two  or  three  which 
belonged  to  other  persons)  might  be  available  for  examination  and 
comparison  by  naturalists  engaged  in  similar  labours. 

He  also  presented  to  the  nation  the  valuable  collection  of  ver- 
tebrate remains  (including  among  them  the  unique  jaws  of  Alligator 

liantoniensis  and  Microclicerus  erinaceus)  which  he  had,  in  1843-5, 
extracted  from  the  Eocene  Freshwater  beds  of  Hordle  Cliff, 
from  which  beds  up  to  the  time  when  he  commenced  forming  this 
collection  no  such  remains  had  been  known.  These  he  partially 
figured  and  described  in  the  London  Geological  Journal ;  but  the 
stoppage  of  that  publication  brought  this  part  of  his  labours  to  an 
unexpected  termination.  In  1858,  having  the  advantage  of  an 
unrestricted  manipulation  of  the  more  extensive  collection  of 
Eocene  Mollusca  which  had  been  formed  by  his  friend  F.  E. 
Edwards,  he  commenced  the  description  of  the  Eocene  Bivalvia, 
Mr.  Edwards  taking  upon  himself  (and  having  commenced  before 
this)  the  Cephalopoda  and  Gasteropoda.  Several  parts  of  this 
work  were  issued  by  the  Palceontographical  Society.  Failure  of 

health  put  a  somewhat  premature  period  to  Mr.  Edwards's  share in  this  work ;  but  Mr.  Wood  continued  his  labours  for  some  years 

longer,  relinquishing  them  only  when,  shortly  before  Mr.  Edwards's 
death,  his  collection  was  acquired  by  the  British  Museum.  During 

the  time  in  which  it  remained  in  Mr.  Edwards's  possession  he  was 
accustomed  to  place  in  Mr.  Wood's  care,  for  study  at  his  leisure, 
all  specimens  he  possessed  which  in  any  way  illustrated  the  subject 
in  hand ;  but  this  the  transfer  of  the  collection  to  the  British 

Museum  rendered  impracticable  ;  and  as  it  was  Mr.  Wood's  feeling 
that,  in  addition  to  that  opportunity  for  careful  study,  all  forms  as 
to  which  any  doubt  existed  ought  to  be  carried  abroad  and  com- 

pared with  those  in  the  museums  of  France  and  Belgium,  if  justice 
was  to  be  done  to  the  subject,  and  as  at  his  advanced  age  he  was 
unable  to  accomplish  this,  he  on  the  issue  of  the  part  in  the  volume 
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of  the  Palaeontographical  Society  for  1870  relinquished  the  further 
prosecution  of  the  '  Eocene  Bivalvia/  although  he  subsequently 
added  a  small  contribution  (both  to  Mr.  Edwards's  and  his  own 
portion)  on  special  groups  of  Eocene  Mollusca,  which  he  was  able 
to  do  from  resources  afforded  by  his  own  collection  and  the  collec- 

tions of  some  friends. 
He  maintained  his  activity  both  of  mind  and  body  up  to  the 

day  of  hi&  seizure  with  fatal  illness,  which  took  place  on  the  21st 
and  terminated  with  his  death  on  the  26th  of  October  last.  He 
was  buried  in  the  churchyard  of  Melton,  near  Woodbridge,  in 
view  of  the  Crag  of  which  the  study  had  occupied  so  much  of  his 
life. 

John  Jeremiah  Bigsby,  M.D.,  F.R.S.,  one  of  the  oldest  of  our 
Fellows,  and  a  man  endeared  to  all  who  knew  him  by  many  amiable 
qualities,  died  at  his  residence  in  Gloucester  Place  on  the  10th 
February  in  the  present  year.  He  was  the  son  of  Dr.  John  Bigsby, 
and  was  born  at  Nottingham  on  the  14th  August,  1792  ;  so  that  at 
his  death  he  was  in  his  89th  year. 

Deciding  to  follow  his  father's  profession,  he  took  his  degree 
of  Doctor  of  Medicine  at  Edinburgh;  and  soon  afterwards  he 
must  have  entered  the  military  service,  as,  from  a  chance  note 
in  one  of  his  books,  it  appears  that  he  was  at  the  Cape  in  1817. 
In  1818  or  1819  he  went  to  Canada  as  the  Medical  Officer  to  a 
large  detachment  of  a  Grerman  Rifle  Regiment  in  the  British 
Service ;  and  in  Canada  he  remained  for  several  years  performing 
a  variety  of  commissions  intrusted  to  him  by  the  Government. 
Thus  in  the  summer  folio wiug  his  arrival  in  the  Colony  he  was 
sent  to  the  Hawkesbury  Settlement,  where  a  severe  epidemic  of 
typhus  fever  had  broken  out  among  the  miserable  Irish  immigrants ; 
and  in  the  next  year  his  marked  taste  for  G-eological  studies  led 
to  his  being  commissioned  to  travel  through  Upper  Canada  and 
make  a  general  report  upon  its  Geology.  In  1822  he  was  ap- 

pointed British  Secretary  and  Medical  Officer  to  the  Boundary 
Commission,  wmich  had  already  been  in  existence  for  three  or  four 
years.  In  the  journeyings  to  and  fro  necessitated  by  these  em- 

ployments Dr.  Bigsby  had  many  opportunities  of  making  himself 
acquainted  with  the  geological  phenomena  of  regions  then  very 
little  known ;  and  it  is  chiefly  to  these  that  his  published  papers 
relate.    In  1823  he  was  elected  a  Fellow  of  this  Society. 

He  appears  to  have  returned  to  England  about  the  year  1827, 
and  then  proceeded  to  practice  his  profession  at  Newark  in  Not- 

tinghamshire, remaining  there  until  1846,  when  he  came  to  London, 
where  he  afterwards  resided  until  the  end  of  his  life. 

Dr.  Bigsby  was  elected  a  Fellow  of  the  Royal  Society  in  1869, 
and  received  the  Murchison  Medal  from  this  Society  in  1874. 

His  published  papers  are  about  twenty-seven  in  number ;  the 
earliest,  entitled,  "  Remarks  on  the  Environs  of  Carthage  Bridge, 
near  the  mouth  of  the  Genesee  river/'  appeared  in  Silliman's 
American  Journal  in  the  year  1820.    It  was  followed  bv  several 

e2"
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other  papers  on  geological  subjects  in  the  same  periodical.  In 
1823,  the  year  of  his  election,  he  forwarded  a  paper  to  this  Society 

"  On  the  Geography  and  Geology  of  Lake  Huron,"  which  was 
published  in  1824,  in  the  first  volume  of  our  'Transactions/ 
Until  his  return  to  England  his  contributions  to  scientific  litera- 

ture made  their  appearance  chiefly  in  American  publications  ;  and 
for  some  years  after  his  return  he  seems  to  have  done  but  little, 
his  medical  practice  probably  occupying  his  time  very  fully.  After 
his  removal  to  London,  however,  several  papers  from  his  pen  were 
communicated  to  the  Society  ;  and  among  them  may  be  noticed 
especially  his  paper  "  On  the  Palaeozoic  Basin  of  the  State  of  New 
York,"  which  appeared  in  the  Quarterly  Jourual  for  1858,  and 
was  followed  by  "An  Inquiry  into  the  Sedimentary  and  other Natural  Relations  of  the  Palaeozoic  Fossils  of  the  State  of  New 

York,"'  published  in  1859 ;  his  note  "  On  the  Erratics  of  Canada," printed  in  the  Journal  for  1851 ;  and  his  last  communication  to 

our  '  Proceedings,'  "  On  Missing  Sedimentary  Formations,"  pub- 
lished in  1864.  Other  memoirs  of  his  appeared  in  various  perio- 
dicals, such  as  the  '  Philosophical  Magazine '  and  the  '  Annals  and 

Magazine  of  Natural  History,'  the  last  of  them  bearing  date  1867. 
The  narrative  of  his  Canadian  travels  appeared  in  1850,  in  two 

octavo  volumes,  under  the  fanciful  title  of  '  The  Shoe  and  Canoe.' 
Although  evidently  written  by  the  light  of  knowledge  subsequently 
obtained,  it  furnishes  an  interesting- account  of  the  condition  of 
Canada  some  sixty  years  ago,  and  is  rendered'  •  amusing  by  the  dis- 

play of  that  naive  geniality  mingled  with  shrewdness  which  cha- 
racterized the  author  to  the  end  of  his  life.  It  contains  many 

scattered  popular  notes  on  geological  and  other  natural-history 
subjects. 

During  the  last  twenty  years  of  his  life  Dr.  Bigsby  was  engaged 
in  a  work  of  great  labour  and  research,  the  first  outcome  of  which 

was  the  '  Thesaurus  Siluricus,'  published,  with  the  aid  of  a  grant 
from  the  funds  of  the  Royal  Society,  in  1868.  It  is  a  list  of 
described  Silurian  fossils,  classified  both  zoologically  and  in  accord- 

ance with  their  distribution  in  time  ;  and  although,  no  doubt,  errors 
and  defects  may  be  detected  in  it,  it  will  remain  for  a  long  time  a 
most  useful  aid  to  the  student  of  Silurian  Palaeontology,  and  a 
monument  of  the  untiring  industry  of  its  author.  .  The  same 
things  may  be  said,  perhaps  in  still  stronger  terms,  of  a  second 
publication  of  the  same  nature,  the  '  Thesaurus  Devonico-Carbo- 
niferus,'  which  appeared  in  1878,  a  wonderful  example  of  industry 
and  research  in  a  man  eighty-five  years  old ;  and  not  content  with 
these  labours,  Dr.  Bigsby,  to  the  close  of  his  life,  was  hard  at  work 
upon  a  Permian  Thesaurus,  the  MS.  of  which  is  left  in  an  ad- 

vanced state.  The  last  books  borrowed  for  the  compilation  of  this 

work  were  only  returned  to  the  Society's  Library  when  Dr.  Bigsby 
took  finally  to  his  bed. 

The  memory  of  our  late  lamented  Fellow  will  be  worthily  kept 
alive  by  the  Medal  which  he  founded  in  the  year  1877.  The 

greater  part  of  Dr.  Bigsby's  fortune  having  accrued  to  him  by 
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marriage,  tie  gave  himself  only  a  life-interest  in  it,  and  decided 
that  the  whole  amount  at  his  decease  should  go  to  the  relations  of 
the  ladies  whom  he  had  married  and  survived.  Hence,  from  de- 

licacy of  feeling,  he  decided  that  instead  of  bequeathing  a  sum  of 
money  to  the  Society  for  the  purpose  of  founding  a  Medal,  he 
would  provide  the  necessary  funds  out  of  his  income  during  his 
life ;  and  accordingly,  in  the  above  year,  he  gave  the  Society  a  sum 
of  money  the  interest  of  which  was  to  be  devoted  to  providing  a 
Medal  to  be  given  biennially,  preferentially  to  those  who  had  studied 
American  geology,  wTith  the  further  stipulation  that  the  receiver 
should  be  not  more  than  forty-five  years  old,  and  "  thus  probably  not 
too  old  for  further  work,  and  not  too  young  to  have  done  much." 
At  first  the  Medal  was  to  have  been  of  bronze  and  accompanied  by 
a  sum.  of  money,  the  balance  of  the  proceeds  of  the  fund ;  but 
subsequently  the  founder  increased  the  amount  of  his  donation  suf- 

ficiently to  enable  the  Council  to  give  a  Gold  Medal.  In  1877  the 
Medal  was  awarded  to  Prof.  0.  C.  Marsh,  and  in  1879  to  Prof.  E. 
D.  Cope ;  this  year  it  goes  to  Dr.  C.  Barrois. 

Bey.  James  Clifton  Ward.  The  announcement  of  the  death 

of  Mr.  "Ward  must  have  been  to  most  of  his  many  friends  wholly unexpected,  both  on  account  of  the  early  age  at  which  he  passed 
away,  and  the  very  brief  illness  which  preceded  his  decease. 

After  a  weakly  boyhood  he  entered  the  E-oyal  School  of  Mines 
as  a  student  in  1861,  entirely  through  my  suggestion,  and  gained 
the  Edward  Forbes  Medal  and  prize  of  books  in  1864.  In  the 
following  year  he  joined  the  Geological  Survey,  and  was  sent  down 
to  Yorkshire.  He  worked  there  on  the  Millstone-grit  and  Lower 
Coal-measures  in  the  neighbourhood  of  Sheffield,  Penistone,  Ilud- 
dersfield,  Halifax,  and  Leeds.  Though  Ward  was  never  of  robust 
appearance,  he  obviously  improved  in  health  after  leaving  the  School 
of  Mines  ;  so  well  did  the  laborious  but  healthy  work  of  the  Survey 
agree  with  him. 

In  1869  he  was  transferred  to  Keswick ;  and  the  change  from  a 
colliery  district  to  a  locality  not  only  devoid  of  coal-pits,  but  one 
in  which  wild  Nature  puts  forth  all  her  charms,  was  in  the  highest 
degree  pleasing  to  him.  At  Keswick  his  activity  became  twofold. 
His  Survey  work  and  its  results  are  now  represented  by  his  Geo- 
logical  Survey  memoir  on  the  Geology  of  the  Northern  part  of 
the  English  Lake  District  (published  in  1876),  and  by  numerous 
maps  and  sections.  He  also  contributed  to  the  Geological  Society, 
and  to  various  periodicals,  many  papers  bearing  on  the  structure 
of  the  Lake  Country.  Of  these  may  be  mentioned,  in  the  first 
piace,  two  on  its  glaciation,  entitled,  "  The  Origin  of  some  of  the 
Lake  Basins  of  Cumberland  "  (Quart.  Journ.  Geol.  Soc.  1874),  and 
"  The  Glaciation  of  the  Southern  Part  of  the  Lake  District  "  &c. 
(Quart.  Journ.  Geol.  Soc.  1875).  In  both  papers  the  origin  of 
the  lakes  is  discussed ;  and  (as  regards  the  English  Lake  country) 
the  original  investigations  of  the  author  tend  to  confirm  the  views 
so  long  held  by  Prof.  A.  C.  Eamsay.    These  papers  are  illustrated 
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with  sheets  of  sections  of  the  highest  interest  and  value ;  and  to  make 
the  work  more  complete,  the  results  of  a  series  of  soundings  care- 

fully taken  on  most  of  the  lakes  by  this  indefatigable  worker  are 
also  given. 

In  the  years  1875  and  1876,  and  more  recently,  microscopical 
examination  of  the  rocks  of  the  Lake  District  occupied  much  of 
his  time.  Of  papers  on  this  subject  I  may  here  note  one  "  On 
the  Granitic,  Granitoid,  and  Associated  Metamorphic  Rocks  of 

the  Lake  District,"  the  first  part  of  which  appeared  in  the  Quart. 
Journ.  Geol.  Soc.  for  1875,  and  the  second  in  the  volume  of  the 

same  periodical  for  1876.  Another  paper  is  entitled,  "  Notes  on 
the  Comparative  Microscopic  Eock-Structure  of  some  Ancient  and 
Modern  Volcanic  Eocks,"  and  appeared  in  the  Quart.  Journ.  Geol. 
Soc.  for  1875.  Among  his  latest  contributions  to  geological  litera- 

ture may  be  mentioned  "  Notes  on  the  Geology  of  the  Isle  of  Man," 
which  appeared  in  the  Geological  Magazine  for  January,  1880.  The 
following  is  by  no  means  an  exhaustive  list  of  his  productions  : — 

1.  In  1868,  "Internal  Fluidity  of  the  Earth."  Geol.  Mag.  v. 
pp.  581,  582. 

2.  In  1869,  "  Suggestions  as  to  Geological  Time."  Geol.  Mag. 
vi.  pp.  8-13. 

3.  In  1869,  "  On  Beds  of  supposed  Eothliegende  Age  near 
Knaresborough."    Quart.  Journ.  Geol.  Soc.  xxv.  pp.  291-297. 

4.  In  1870,  "  On  the  Denudation  of  the  Lake  District."  Geol. 
Mag.  vii.  pp.  14-17. 

5.  In  1871,  "The  Development  of  Land."  Geol.  Mag.  viii. 

pp.  11-15. 
6.  In  1872,  "  On  Sock-staining."    Geol.  Mag.  ix.  pp.  389-391. 
7.  In  1873,  "  On  the  Scenery  of  the  English  Lake  District, 

geologically  considered."  Brighton,  Proc.  Nat.  Hist.  Soc.  xx. 
pp.  39-44. 

8.  In  1873,  "On  Eock-fissuring."    Geol.  Mag.  x.  pp.  245-248. 
9.  In  1873,  "The  Glaciation  of  the  Northern  Part  of  the  Lake 

District."    Quart.  Journ.  Geol.  Soc.  xxix.  pp.  422-441. 
10.  In  1870,  "  Coral  Eeefs  and  the  Glacial  Period."  Quart. 

Journ.  Sci.  iii.  pp.  170-178. 
But  the  most  characteristic  side  of  his  untiring  energy,  and 

perhaps  its  most  important  one,  was  the  zeal  with  which  he  worked 
for  the  diffusion  of  scientific  knowledge  while  in  Cumberland. 
Before  leaving  Yorkshire  he  had  written  a  small  elementary  book 
on  Physics  ;  and  one  of  the  firstfruits  of  his  educational  activity 
at  Keswick  was  a  similar  work  on  Geology,  composed  of  nine 
lectures  delivered  in  the  first  place  before  a  school  audience,  and 
secondly  before  the  Keswick  Literary  Society.  Being  simple, 
clear,  and  free  from  unnecessary  technicalities,  his  lectures  soon 
became  popular,  and  the  lecturer  himself  acquired  influence. 

As  the  originator  and  main  support  of  the  Cumberland  As- 
sociation for  the  Advancement  of  Literature  and  Science,  and 

of  most  of  the  local  societies  connected  with  it,  he  accomplished  a 
work  which  it  may  be  hoped  will  not  now  be  suffered  to  languish, 
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but  will  remain  a  lasting  monument  of  his  beneficent  activity.  A 

glance  at  the  outer  cover  of  the  '  Transactions  of  the  Cumberland 
Association'  (Part  IV.  was  published  at  the  beginning  of  this 
year)  shows  the  date  at  which  each  of  the  associated  societies  was 
founded,  and  discloses  the  fact  that  only  one  of  them  (at  White- 

haven) existed  before  Ward's  appearance  in  the  county.  The  dates 
of  the  others  vary  from  Keswick  1869  to  Silloth,  the  latest, 
1879. 

He  married  at  the  beginning  of* the  year  1877,  and  very  shortly 
after  left  the  Lake  country  to  do  field-work  in  the  lone  barren 
district  of  Bewcastle,  on  the  Lower  Carboniferous  rocks,  wintering, 
however,  in  Keswick  as  before.  But  on  finishing  the  Bewcastle 
work  he  made  preparations  for  taking  Holy  Orders,  and  was 

licensed  to  the  curacy  of  St.  John's,  Keswick,  in  December  1878. 
He  was  as  successful  in  his  new  duties  as  he  had  been  as  a  geo- 

logical surveyor,  and  was  appointed,  at  the  beginning  of  last  year, 
to  the  vicarage  of  Rydal.  But  he  was  scarcely  established  in  his 
new  home  when  a  brief  illness,  which  only  at  the  last  seemed 
dangerous,  caused  his  departure,  at  the  age  of  thirty-seven  years, 
leaving  behind  him  a  widow  and  two  children. 

His  genial  disposition,  and  the  absence  in  him  of  the  least 
approach  to  the  temper  of  the  dogmatist,  caused  him  to  number 
among  his  friends  men  of  every  shade  of  speculative  opinion.  It 
was  this  amiability,  in  addition  to  his  ability  as  a  lecturer  and  the 
single-mindedness  of  his  desire  for  the  spread  of  knowledge,  which 
made  him  so  successful  in  connexion  with  the  Cumberland  Asso- 

ciation, when  the  simple  fact  of  his  not  being  a  Cumbrian  by  birth 
would  have  been  fatal  to  any  merely  active  and  zealous  man. 

Dayid  Thomas  Ansted  was  born  in  London  on  the  5th  Feb- 
ruary, 1814,  and,  after  education  at  a  private  school,  entered  the 

University  of  Cambridge  as  a  member  of  Jesus  College.  He  was 
32nd  Wrangler  in  the  year  1836,  and  proceeded  to  the  degree  of 
M.A.  in  due  course  in  1839.  About  four  years  afterwards  he  was 
elected  to  a  fellowship  on  the  Ley  Foundation  of  Jesus  College, 
which  he  retained  for  about  eight  years.  Li  1840  he  was  elected 

Professor  of  Geology  at  King's  College,  London,  which  office  he 
resigned  in  1853.  For  some  time,  from  1845,  he  held  the 
Lecturership  on  Geology  at  Addiscombe,  and  was  also  Professor 
of  Geology  at  the  College  of  Civil  Engineers,  Putney.  From  1844 
to  1847  he  was  Vice-Secretary  of  the  Geological  Society  and  Editor 
of  the  Quarterly  Journal.  He  became  a  Fellow  in  1838.  He  was 
elected  to  the  Fellowship  of  the  Eoyal  Society  in  1844.  In  1868 
he  was  appointed  Examiner  in  Physical  Geography  to  the  Science 
and  Art  Department. 

By  degrees  his  attention  became  diverted  from  the  theoretic  to 
the  practical  aspect  of  his  favourite  study  ;  and  for  the  last  thirty 
years  of  his  life  he  acted  professionally  as  a  consulting  geologist 
and  mining-engineer.  For  some  time  before  his  death  he  was  in 
failing  health ;  and  he  expired  on  the  13th  May,  1880,  at  his 
residence,  Melton,  near  Woodbridge,  Suffolk. 
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Professor  Ansted,  however,  when  systematic  teaching  ceased  to 
be  a  part  of  his  regular  duties,  did  not  abandon  his  interest  in 
geology  as  an  educational  subject,  but  not  unfrequently  lectured 
and  took  part  in  examinations  on  this  and  allied  sciences.  His 
pen  also  was  rarely  for  long  idle.  He  contributed  three  papers  to 
the  Journal  of  the  G-eological  Society,  two  of  them  containing 
descriptions  of  remarkable  mineral  veins,  published  in  1856  and 
1857;  his  third  paper  was  upon  the  geology  of  Malaga  and  the 
southern  part  of  Andalusia  (vol.  xv.  1859).  Besides  these  contri- 

butions to  the  '  Quarterly  Journal  of  the  Geological  Society/ 
he  published  memoirs  in: — the  'Transactions  of  the  Cambridge 
Philosophical  Society'  (vol.  vii.  1842),  "On  a  Portion  of  the 
Tertiary  Formations  of  Switzerland ;"  in  the  '  Annals  and  Maga- 

zine of  Natural  History,'  "  On  the  Zoological  Condition  of  Chalk 
Flints  and  the  probable  Cause  of  the  Deposit  of  Flinty  Strata 

alternating  with  the  Upper  Beds  of  the  Cretaceous  Formation  " 
(vol.  xii.  1844),  and  other  like  publications.  He  was  whole  or 
part  author  of  a  considerable  number  of:  volumes,  the  majority 
of  which  were  of  a  somewhat  popular  character ;  and  more  than  one 
obtained  a  considerable  share  of  success.  He  wrote  lucidly 
and  pleasantly,  whether  upon  matters  directly  scientific  or  upon 
the  incidents  of  travel.  Among  these  works  may  be  mentioned 

the  following  : — '  G-eological  Gossip,'  first  published  in  1860  ;  '  A 
Short  Trip  to  Hungary  and  Transylvania,'  in  1862 ;  '  The  Ionian 
Islands,' in  the  year  1863 ;  and  '  The  Great  Stone  Book  of  Nature,' 
published  in  the  same  year.  He  also  published  a  work  on  Geology, 
in  two  volumes,  in  1844,  and  more  than  one  smaller  book  on  this 
subject,  Physiography,  or  Geography.  He  was  joint  author  (with 
Dr.  B.  G.  Latham)  of  a  work  on  the  Channel  Isles,  and  wrote, 
in  1866,  upon  the  Physical  Geography  and  Geology  of  Leicester, 

in  the  '  History  of  Leicestershire,'  entering  largely  into  the  litho- 
logy  and  chemistry  of  the  Charnwood  rocks,  as  well  as  devoting 
much  space  to  their  pure  and  speculative  geology.  In  the  Great 

Exhibitions  of  1851  and  1862  he  contributed  much  to  the  '  Beports.' 
His  latest,  and  one  of  his  most  important  works,  was  on  Water 

and  "Water  Supply,  published  in  1878.  Though  for  several  years, owing  to  pressure  of  business  and  the  advance  of  age,  he  had 
ceased  to  take  an  active  part  in  the  proceedings  of  many  of  the 
scientific  societies  of  which  he  was  formerly  an  energetic  member, 
he  did  not  lose  that  cordiality  of  manner  and  kindliness  of  dis- 

position which  have  left  a  pleasant  impression  on  the  memory  of 
his  friends. 

In  William  Hallowes  Miller,  Professor  of  Mineralogy  in 
the  University  of  Cambridge,  our  Society  has  lost  a  member  who, 
though  never  a  contributor  to  our  Journal,  was  among  the  most 
eminent  mineralogists  in  Europe,  and  the  author  of  valuable  works 
and  papers  on  that  science.  He  was  born  April  6th,  1801,  at 
Velindre,  near  Llandovery,  in  Caermarthenshire,  at  which  place  his 
father,  Captain  Miller,  had  a  few  years  previously  fixed  his  resi- 
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dence.  The  associations  of  the  family  were  military,  his  father 
having  served  through  a  part  of  the  American  war,  by  which  he 
had  been  a  heavy  loser,  and  other  relatives  having  held  commissions 
and  obtained  distinction  in  the  British  army.  W.  H.  Miller  was 
educated  at  private  schools,  and  afterwards  entered  as  a  student 

at  St.  John's  College,  Cambridge,  graduating  in  the  year  1826, 
when  he  was  fifth  among  the  Wranglers  in  the  Mathematical  Tripos. 
In  1829  he  was  elected  to  a  Fellowship  at  his  College,  and  sub- 

sequently proceeded  to  the  degrees,  first  of  M.A.,  and  afterwards 
(in  compliance  with  the  statutes  by  which  it  was  then  governed) 
of  M.D.  Tor  some  time  he  filled  the  office  of  a  College  Tutor  ; 

and  his  first  literary  work  was  a  'Treatise  on  Hydrostatics,'  published 
in  1831,  and  followed  a  few  years  subsequently  by  one  on  Hydro- 

dynamics. At  this  time  the  chair  of  Mineralogy  at  Cambridge 
was  occupied  by  Dr.  Whewell ;  and  under  his  guidance  Mr.  Miller 
devoted  himself  to  the  study  of  Crystallography,  with  so  much 
success  that,  on  the  resignation  of  Dr.  Whewell,  he  was  elected  to 
the  Professorship,  the  duties  of  which  became  the  chief  work  of 
his  long  and  arduous  life.  In  1830  he  was  elected  a  Fellow  of  our 
Society,  and  in  1838  a  Fellow  of  the  Eoyal  Society.  Six  years 

afterwards  he  vacated,  by  marriage,  his  Fellowship  at  St.  John's 
College;  but  in  1874  he  was  again  elected  under  the  statute 
(granted  in  1860)  empowering  that  Society  to  elect  as  Fellows 
persons  eminent  for  science  or  learning,  though  otherwise  techni- 

cally disqualified.  Not  long  after  this  his  health  began  to  fail ; 
and  in  the  autumn  of  1876  a  course  of  lectures,  which  he  had 
announced,  was  interrupted  by  a  slight  stroke  of  paralysis.  This 
proved  the  beginning  of  the  end.  He  was  never  able  to  meet  his 
class  again.  Very  slowly,  but  surely,  his  vital  powers  declined,  a 
torpor  stealing  alike  over  body  and  mind,  until  at  last  he  fell 
asleep  on  the  20th  May,  1880. 

Professor  Miller's  name  is  inseparably  connected  with  two  im- 
portant branches  of  scientific  work.  The  first  of  these  belongs,  as 

might  be  expected,  to  mineralogy.  "  Crystallography,"  as  has 
been  said  by  Professor  Maskelyne,  "  was  Miller's  science.''  Other 
workers,  indeed,  had  preceded  him  in  laying  the  foundation  and 
contributing  important  materials  ;  but  Professor  Miller,  "  taking 
the  important  memoir  by  Professor  Whewell  '  On  the  Geometrical 
Treatment  of  Crystal  Forms  '  (published  in  the  'Transactions  of 
the  Cambridge  Philosophical  Society '),  and  JNTaumann's  treatise  of 
1823  ('  Beitrage  zur  Krystallonomie ')  as  his  starting-point,  pro- 

ceeded to  develop  a  system  of  crystallography,  which  was  not  pub- 
lished till  1838,  but  which  was  the  most  important  work  of  his 

life."  The  especial  feature  of  this  book  and  of  his  labours  in  this 
science  "  consisted  in  working  out  into  a  beautiful  system  the 
indicial  method  of  notation  and  calculation  in  crystallography, 
and  obtaining  expressions  adapted  for  logarithmic  calculations  by 

processes  of  great  elegance  and  simplicity.  Miller's  system,  then, 
gave  expressions  for  working  all  the  problems  that  a  crystal  can 
present ;  and  it  gave  them  in  a  form  that  appealed  at  once  to  the 
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sense  of  symmetry  and  appropriateness  of  the  mathematician." 
He  thus,  as  it  has  been  well  said,  "  placed  the  keystone  into  the 
arch  of  the  science  of  crystallography ; "  and  the  "  future  develop- 

ment of  that  science,  there  can  be  little  doubt,  will  follow  on  the 

lines  laid  down  by  Miller." 
Professor  Miller's  shorter  communications  on  mineralogy  and 

physics  are  numerous  and  valuable,  and ;  in  addition  to  them  and 
to  his  original  treatise,  he  published,  in  1863,  a  tract  on  crystallo- 

graphy. In  1852  a  work  appeared  entitled  a  new  edition  of  the 
'Elementary  Introduction  to  Mineralogy,  by  the  late  William 
Phillips,'  by  H.  J.  Brooke  and  W.  H.  Miller.  It  is,  however,  no 
disparagement  to  either  the  original  author  or  his  fellow  editor  to 
say  that  Professor  Miller  made  this  volume  almost  his  own. 

But  Professor  Miller's  reputation  does  not  rest  only  upon  his 
work  as  a  mineralogist,  great  though  that  was.  His  name  is  no 
less  inseparably  connected  with  the  difficult  and  delicate  experiments 
and  investigations  connected  with  the  restoration  of  the  standards 
of  measurement  and  weight,  and  with  the  subsequent  labours  of 
the  International  Metric  Commission. 

After  the  fire  which,  in  1834,  consumed  the  Houses  of  Parlia- 
ment, it  was  found  that  the  standards  of  measurement  and  weight 

were  hopelessly  ruined.  Professor  Miller  was  not  a  member  of 
the  Commission  appointed  to  consider  the  questions  connected 
with  their  restoration,  but  lent  the  Commissioners  much  friendly 
assistance.  Then,  in  1843,  a  Committee  was  appointed  to  super- 

intend the  construction  of  the  new  Parliamentary  standards  of 
length  and  weight,  of  which  Professor  Miller  was  a  member  ;  and 
to  him  was  confided  the  construction  of  the  new  standards  of 

weight.  In  the  '  Philosophical  Transactions  '  for  1856  he  describes 
at  length  "  the  operations  for  restoring  the  value  of  the  old 
standard  of  weight,  for  constructing  the  new  standard  of  a 
different  value,  for  constructing  various  derived  standards,  and 

for  establishing  the  relative  value  of  the  kilogramme,"  a  paper 
which  (to  quote  the  words  of  the  Astronomer  Royal,  indorsed  by 

a  former  President  of  the  Royal  Society,  Sir  Edward  Sabine)  "  will 
long  be  cited  as  a  model  of  accuracy." 

He  was  subsequently  a  member  of  a  new  Royal  Commission  for 

"examining  into  and  reporting  on  the  state  of  the  secondary 
standards,  and  for  considering  every  question  which  could  affect 

the  primary,  secondary,  and  local  standards." 
In  the  year  1870  he  was  appointed  a  member  of  the  "  Commission 

Internationale  du  Metre." 
He  was  appointed  Foreign  Secretary  of  the  Royal  Society  in 

1856,  a  post  for  which  he  was  eminently  fitted  by  his  accurate  and 
extensive  knowledge  of  French,  German,  and  Italian,  his  methodical 
habits,  and  unvarying  courtesy,  as  well  as  by  his  extensive  scientific 
knowledge. 

He  received  in  1865  the  degree  of  LL.D.  from  the  University 
of  Dublin,  and  in  1876  that  of  D.C.L.  from  Oxford.  In  1870  he 
was  awarded  a  Royal  Medal  by  the  Roj  al  Society.    He  was  a 
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Knight  of  the  Order  of  St.  Maurice  and  St.  Lazaro  of  Italy,  and 
of  the  Order  of  Leopold  of  Belgium.  He  was  also  an  honorary 
member  of  the  Royal  Society  of  Edinburgh  and  of  numerous 
foreign  societies. 

Three  characteristics  especially  distinguished  Professor  Miller. 
One  was  the  remarkable  extent,  depth,  and  accuracy  of  his  know- 

ledge, not  only  on  those  questions  which  he  had  made  peculiarly 
his  own,  but  also  on  all  branches  of  physical  science,  only 
equalled  by  the  liberality  with  which  he  opened  his  rich  stores 
of  learning  to  others,  and  especially  to  younger  students.  Another 
was  the  simplicity  of  his  disposition.  This,  combined  with  a  re- 

markable inventiveness  of  mind,  was  shown  even  in  his  laboratory, 
where  the  most  homely  odds  and  ends  were  utilized  in  the  con- 

struction of  instruments  capable  of  performing  delicate  measure- 
ments. The  third  characteristic  was  the  remarkable  combination 

which  he  exhibited  of  independence  of  thought  and  freedom  of 
opinion  with  gentleness  of  temper  and  speech,  with  forbearance, 
courtesy,  and  respect  for  the  opinion  of  others. 

Blessed  with  much  domestic  happiness,  and  beloved  by  all  who 
knew  him,  he  lived  a  tranquil  and  blameless  life,  devoted  to  earnest 
work  and  the  faithful  performance  of  every  duty,  and  passed  away 
lamented  by  a  large  circle  of  friends  and  admirers  in  this  and  other 
countries. 

Hexey  Lttdlam.  We  have  to  record  the  loss  of  Mr.  Henry 
Ludlam,  E.Gr.S.,  who  died  on  the  23rd  of  June,  1880,  at  the  age 
of  58. 

Early  a  student  of  the  uatural  sciences,  Mineralogy  became  his  fa- 
vourite subject,  in  the  cultivation  of  which  he  was  greatly  assisted  by 

the  study  of  chemistry,  which  occupied  many  of  the  leisure  evening 
hours  which  the  care  of  an  important  business  allowed  him. 
Aided  by  an  unusually  critical  judgment,  he  gathered  together  a 
large  and  valuable  collection  of  minerals,  in  which  some  of  the 
specimens  were  conspicuous  for  their  perfection  of  crystalline  form. 
To  these  he  subsequently  added  the  well-known  and  important 
collection  which  belonged  to  the  late  Mr.  Charles  Ham  den  Turner, 
of  Eooksnest,  Surrey,  and  also  that  made  by  the  late  Mr.  William 
Kevill,  E.Gr.S.,  of  G-odalming.  The  whole  forms  certainly  the  most 
complete  and  probably  the  finest  collection  of  minerals  ever  made 
by  a  private  collector. 

But  Mr.  Ludlam  was  not  a  mere  collector.  He  had  long  had 
in  view  the  desirability  of  preparing  a  complete  descriptive  and 
crystallographic  catalogue  of  that  which  it  had  been  his  good 
fortune  to  accumulate.  This  great  work,  to  which  he  looked 
forward  as  to  a  labour  of  love,  was  actually  commenced  by  him 
shortly  before  the  illness  which  ended  in  his  premature  death. 

Although  Mr.  Ludlam  never  contributed  a  paper  to  the  6  Journal 
of  the  Geological  Society,'  he  nevertheless  took  much  interest  in 
its  proceedings.  His  great  liberality  in  the  support  of  every  thing 
bearing  upon  the  kindred  sciences  to  geology,  and  his  munificence 
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as  a  collector  possessing  great  knowledge  of  his  subject,  entitles 
liim  to  notice  in  the  obituary  list  of  our  Eellows.  He  left  by  will 
the  whole  of  his  superb  collection  of  minerals  to  the  museum  in 
Jermyn  Street  for  the  use  of  all  students.  It  is  now,  therefore, 
the  property  of  the  nation.  Science,  through  the  early  death  of 
Mr.  Ludlam,  has  lost  an  earnest  student,  while  his  personal  friends 
have  to  lament  the  loss  of  a  warm-hearted  and  true  English 
gentleman. 

Egbert  Clutterbuck,  E.G-.S.,  was  the  eldest  son  of  Eobert 
Clutterbuck,  the  historian  of  Hertfordshire.  Mr.  Clutterbuck  was 
educated  at  Harrow,  being  head  boy  of  that  School  in  1817.  He 
entered  as  a  commoner  at  Exeter  College,  Oxford,  where,  previous 
to  taking  his  degree,  he  gained  University  honours.  He  then 
entered  as  a  law  student  under  the  tuition  of  the  late  Sir  William 

Hayter.  Mr.  Clutterbuck  spent  some  time  on  the  continent,  gain- 
ing an  unusual  proficiency  in  the  Italian  and  Erench  languages. 

During  his  residence  at  Watford  he  acted  as  a  magistrate,  and  was 
instrumental  in  raising  funds  for  the  restoration  of  the  abbey 
or  cathedral  of  St.  Alban's.  As  an  author  Mr.  Clutterbuck 
was  well  known  through  his  works  on  the  monsoons  &c,  and  on 
the  rotatory  action  of  storms ;  he  also  published  accounts  of 
his  journeys  over  the  great  desert  from  Aleppo  to  Bassora,  and 
the  passage  by  Suez  through  Egypt  to  determine  the  possibility  of 
an  overland  communication  with  India.  Mr.  Clutterbuck  never 

contributed  to  the  '  Journal  of  the  Greological  Society ; '  but  he 
wrote  a  paper  on  the  Coprolite  beds  at  Hinsworth,  which  was 
Dublished  in  the  '  Transactions  of  the  Watford  Natural  History 
Society/  vol.  i.  1878.    He  died  September  15th,  ]879. 

Dr.  Edward  Meryon,  E.E.C.P.,  E.Gr.S.,  &c,  was  many  years 
Eellow  of  the  Greological  Society,  and  some  time  member  of  the 
Council,  taking  much  interest  in  the  working  of  the  Society.  He 
never  contributed  any  paper  to  the  Journal.  He,  however,  was  the 
author  of  several  important  works  bearing  upon  his  profession,  among 

which  may  be  mentioned  especially  '  The  History  of  Medicine,'  '  The 
Physical  and  Intellectual  Constitution  ol  Man,'  '  The  Eunctions  of 
the  Sympathetic  System,'  and  'Practical  and  Pathological  Researches 
on  the  various  Eorms  of  Paralysis.  Dr.  Meryon  was  an  accom- 

plished and  practical  physician  of  great  professional  experience. 
He  was  an  accomplished  scholar  and  true-hearted  gentleman.  Dr. 
Meryon  died  November  8,  1880. 

In  Elijah  Walton,  who  died  at  his  house  near  Bromsgrove  on 
August  25,  1880,  in  his  forty-eighth  year,  the  Society  has  lost  an 
artist  who  has  been  equalled  by  few,  perhaps  surpassed  by  none, 
in  his  power  of  rendering  faithfully  the  forms  of  mountains  and 
the  structure  of  rocks.  His  studies  of  clouds  and  of  the  camel 
prove  the  versatility  of  his  genius  and  the  fidelity  of  his  execution ; 
but  it  is  in  his  pictures  of  the  mountains  of  Sinai,  Norway,  and 
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the  Alps  that  his  excellence  in  rock-drawing  of  every  kind  is  con- 
spicuous. Overwork  and  anxiety  first  clouded  and  then  terminated 

a  life  which  once  seemed  full  of  brilliant  promise. 

Dr.  Wilhelm  Philipp  Schimper,  Professor  of  Greology  in  the 
Faculty  of  Sciences,  Director  of  the  Museum  of  Natural  History, 
and  Professor  in  the  University  of  Strasburg,  a  Corresponding  Mem- 

ber of  the  French  Academy  of  Sciences  and  of  the  Academies  of 
Munich,  Lisbon,  and  Philadelphia,  elected  a  Foreign  Correspon- 

dent of  the  Geological  Society  in  1874,  died  of  disease  of  the  heart 
on  the  20th  March,  1880. 

Dr.  Schimper  was  descended  from  a  family  living  in  the 
Palatinate,  the  connexion  of  which  with  Alsace  was  at  all  times 
close,  and  especially  so  during  the  first  French  empire.  His 
father  at  this  time  became  the  Protestant  pastor  of  Dossenheim, 
near  Saverne,  in  Alsace ;  and  here  Schimper  was  born  in  1808. 
He  was  educated  at  first  by  his  father,  and  from  an  early  period 
showed  a  great  taste  for  natural  history,  which  continued  to 
manifest  itself  after  he  had  temporarily  left  the  paternal  roof,  at 
the  age  of  14,  to  pursue  his  studies  at  the  College  of  Bouxwiller. 
Here  he  remained  until  1826,  when  he  went  to  Strasburg,  and 
there,  in  1833,  took  his  degree  as  Bachelor  of  Divinity.  He  sub- 

sequently acted  for  a  time  as  curate  to  his  father,  who  was  then 
pastor  at  Offwiller. 

The  young  Schimper,  however,  seems  to  have  devoted  his  atten- 
tion more  to  Natural  History,  especially  Botany,  than  to  theologi- 

cal studies  ;  and  he  had  acquired  such  a  knowledge  of  the  Mosses, 
that  as  early  as  1834  the  eminent  botanist  Bruch  proposed  to 
him  that  they  should  produce  a  joint  monograph  on  the  European 
forms  of  that  class  of  plants.  Schimper  acceded  to  the  proposal, 
and,  with  the  view  of  devoting  himself  exclusively  to  natural- 
history  studies,  resigned  his  ecclesiastical  functions,  not  without 

opposition  on  his  father's  part,  and  in  1835  accepted  the  position 
of  preparator  in  the  Museum  of  Natural  History  at  Strasburg. 

"With  that  establishment  he  remained  connected  until  the  day  of 
his  death,  having  been  reinstated  in  his  various  offices  by  the  Ger- 

man authorities  after  their  annexation  of  Alsace. 

The  work  on  European  Mosses  above  mentioned  was  pro- 
duced by  Schimper  alone.  It  is  entitled  '  Bryologia  Europaea,  sen 

genera  Muscorum  Europseorum,  Monographia  illustrata,'  and  is  a 
monument  of  the  author's  industry  and  botanical  attainments, 
extending  to  six  4to  volumes,  with  an  atlas  of  641  plates.  Its 
publication  was  commenced  in  1836,  but  was  not  completed  until 

nearly  twenty  years  afterwards  (namely,  in  1855).  The  author's 
bryological  publications  did  not  cease  then,  however :  he  afterwards 
produced  several  supplements  to  his  great  work,  besides  other 
memoirs  on  Mosses,  and  a  '  Synopsis  Muscorum  Europgeormn,'  of 
which  the  second  edition  appeared  in  1874. 

In  procuring  materials  for  the  above  work,  Schimper  travelled  a 
good  deal  in  various  parts  of  Europe;  and  on  his  journeys  he  was  in- 
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dcfatigable  in  collecting  specimens  of  all  kinds  for  the  enrichment  of 
the  museum  under  his  charge.  He  acquired  a  very  wide  knowledge 
of  general  natural  history,  and  paid  much  attention  to  geological 
phenomena,  which,  in  conjunction  with  the  direction  of  his  special 
botanical  studies,  early  led  him  to  the  investigation  of  fossil  plants, 
upon  which  he  was  destined  to  become  one  of  the  chief  authorities 
of  our  day.  He  associated  himself  with  Kochlin-Schlumberger  in 
the  preparation  of  a  great  memoir  upon  the  Terrain  de  Transition 
des  Vosges,  published  at  Strasburg  in  1862 ;  to  this  Schimper  con- 

tributed the  monograph  of  the  fossil  plants. 
In  1849  he  married  a  Swiss  lady  who  had  been  long  an  ardent 

student  of  botany,  and  who  afterwards  assisted  him  in  his  studies, 
and  especially  in  the  accumulation  of  the  vast  stores  of  materials 

upon  which  he  founded  his  greatest  work,  the  '  Traite  de  Paleon- 
tologie  Yegetale,'  published  in  three  large  8vo  volumes,  wTith  a  4to 
atlas  of  plates,  of  which  the  first  volume  appeared  in  1869.  This 
important  treatise  upon  the  fossil  flora  will  long  be  a  standard 
work  of  reference.  Subsequently  Schimper  commenced  the 
botanical  section  of  Prof.  Zittel's  admirable  '  Handbuch  der  Pala- 
ontologie,'  which,  however,  he  did  not  live  to  complete. 

Joseph  Augtjstin  Hubert  Bosquet,  of  Maestricht,  Doctor  of 
Sciences,  Pharmacien,  Member  of  the  Royal  Academy  of  Sciences 
of  Amsterdam,  was  elected  a  Foreign  Correspondent  of  t  be  Geological 
Society  in  1864.  In  1868  the  Council  awarded  the  balance  of  the 
proceeds  of  the  Wollaston  Donation  Fund  to  Dr.  Hubert  Bosquet 
as  a  reward  for  his  valuable  researches  on  the  Tertiary  and  Cre- 

taceous strata  of  Holland  and  Belgium.  Dr.  Bosquet  worked  out 
with  great  industry  and  ability  the  fauna  of  the  Maestricht  beds, 
a  division  of  the  tipper  Chalk  not  present  in  England.  His  re- 

searches amongst  the  Tongrian  beds  greatly  extended  our  know- 
ledge of  these  Tertiary  deposits,  both  as  regards  their  palaeontology 

and  physical  conditions.  Bosquet's  labours  were  undertaken  and 
carried  on  amidst  business  duties,  and  with  zeal  and  ability  rarely 
excelled.  He  was  the  author  of  twelve  or  fourteen  contributions 
both  to  geological  and  palaeontological  science.  His  chief  papers 
are  : — "  Description  des  Entomostraces  fossiles  de  la  craie  de  Mae- 

stricht "  (Mem.  Soc.  Sci.  Liege,  vol.  vi.  1847) ;  and  "  Description des  Entomostraces  fossiles  des  terrains  tertiaires  de  la  France 

et  de  la  Belgique"  (Mem.  Couronn.  Bruxelles,  xxiv.  1850-51). 
His  papers  entitled  "  Les  Crustaces  fossiles  du  terrain  Cretace 
du  Limbourg"  (JNederland.  Geol.  Kaart  Verhand.  ii.  1854)  and 
"  Eecherches  Paleontologiques  sur  les  terrains  tertiaires  du  Lim- 

bourg Ncerlandais  "  (Amsterdam,  Verhand.  vii.  1859),  are  of  much 
importance.  Dr.Bosquet  died  on  the  28th  of  June,  1880,  aged 
66  years  and  10  months. 

Pierre  Henri  Ntst,  Conservator  at  the  Museum  of  Natural 
History  at  Brussels,  was  elected  a  Foreign  Correspondent  of 
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this  Society  in  1863,  and  in  1871  was  elected  a  Foreign  Member. 
He  was  a  Member  of  the  Royal  Academy  of  Sciences  of  Belgium, 
and  was  also  a  Chevalier  of  the  order  of  Leopold. 

In  1874  the  Council  awarded  him  the  balance  of  the  proceeds  of 
the  Wollaston  Donation  Fund  for  his  admirable,  extensive,  and 
original  researches  upon  the  Crag  Mollusca  of  Belgium.  His  chief 
work  is  the  '  Description  des  Coquilles  et  des  Polypiers  f ossiles 
des  terrains  tertiaires  de  la  Belgique '  (4to,  Brussels,  1843).  Up 
to  the  year  1873,  JNTyst  had  written  about  thirty-six  papers,  mostly 
upon  recent  and  fossil  conchology.  His  connexion  with  the  national 
museum  at  Brussels,  and  obliging  manner,  rendered  him  at  all  times 
accessible  to  students  or  those  desiring  information  upon  Tertiary 
palaeontology.    Nyst  died  on  April  6th,  1880,  aged  67  years. 

On  the  Analysis  and  Distribution  of  the  British  Paleozoic 
Fossils. 

The  history  of  so  progressive  and  practical  a  science  as  Geology, 
and  its  kindred  study  Palaeontology,  especially  during  the  past 
decade,  not  only  in  Britain,  but  in  Europe,  America,  and  our  Colo- 

nies, now  needs  some  revision  and  analysis,  arising  from  the 
amount  of  research,  and  the  progress  that  has  been  made  in  these 
and  collateral  sciences  during  this  period. 

The  history  of  the  Lower  Palaeozoic  rocks  of  the  British  Islands 
is  almost  the  history  of  Geology  ;  for  it  extends  over  forty  years. 
The  same  may  be  said  of  Scandinavia  and  Bohemia.  And  parallel 
to  these  researches  in  Europe  may  be  recorded  the  great  progress 
made  in  the  western  hemisphere ;  for  the  history  of  the  Lower 
Palaeozoic  or  oldest  rocks  of  N.  America  and  Canada  is  but  that  of 
Britain  and  Northern  Europe  almost  repeated ;  homotaxially  they 
are  the  same. 

The  study  through  many  years  of  the  distribution  of  life  through 
the  stratified  rocks  of  the  British  Islands  enables  me  to  lay  before 
the  Society  some  results  arrived  at  by  long  and  patient  research. 
I  have,  however,  only  taken  advantage  of  my  position  on  the 
Geological  Survey,  which  has  afforded  me  facilities  otherwise 
almost  impossible  of  access,  and  enabled  me  to  carry  on  practically, 
both  in  the  field  and  the  study,  those  branches  of  our  science  which 
bear  so  intimately  upon  the  progress  of  Physical  Geology  and  Geo- 

graphy, besides  elucidating  some  of  the  laws  that  have  governed 
the  distribution  of  life  through  time  and  space. 

De  la  Beche,  Lyell,  Edward  Forbes,  Hamilton,  Phillips,  Huxley, 
Ramsay,  Prestwich,  and  Duncan,  in  their  learned  addresses  delivered 
from  this  chair,  have  one  and  all  dealt  with  questions  bearing 
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especially  upon  stratigraphical  geology  as  based  upon  the  range  and 
distribution  of  organic  remains,  phenomena  which  since  the  time  of 
William  Smith  have  been  studiously  kept  in  mind,  teaching  us  the 
succession  of  life  and  the  relation  in  time  of  one  formation  to 

another — each  successive  sedimentary  group  containing  undoubted 
records  of  its  life  and  deposition,  thus  rendering  clear  and  definite  the 
changes  in,  and  the  advance  of  life  through  time. 

~No  more  difficult  problem  exists  or  remains  to  be  solved  than  the 
first  appearance  or  commencement  of  life  on  the  globe.  Is  the  Lau- 
rentian  of  Worth  America,  with  its  one  known  solitary  form  of  life, 
the  oldest  sedimentary  rock  existing  ?  is  Eozoon  canadense  the  oldest 
form  of  life  ?  Research  up  to  the  present  time  has  not  revealed  to  us 
one  of  higher  antiquity  ;  neither  has  it  even  a  truly  associated  form. 
ISTo  true  Annelide,  Plant,  or  Protozoon  accompanies  this  still  mys- 

terious progenitor  of  Palaeozoic  life. 
The  Eozoic  or  Laurentian  gneiss  of  Britain  or  Europe,  has  not  yet 

yielded  a  semblance  of  any  thing  approaching  Protozoic  affinities, 
although  in  the  Hebrides,  Norway,  Sweden,  Bohemia,  and  Bavaria 
the  Laurentian  rocks  have  been  recognized. 

That  the  Laurentian  rocks  are  not  the  oldest  is  manifest ;  others 
of  infinitely  greater  age  yielded  sediment  to  the  Laurentian  sea, 
and  pabulum  for  the  sustenance  and  material  for  the  shelly  structure 
of  its  supposed  only  inhabitant;  but  whether  Eozoon  had  precursors 
or  not,  time  will  probably  tell. 

Dr.  Dawson,  however,  suggests  that  vegetable  life  preceded 
Eozoon,  and  may  thus  have  accumulated  previous  stores  of  organic 
matter.  If  any  older  forms  of  animal  life  did  exist,  they  cannot 
have  belonged  to  much  simpler  types ;  "  naked  Protozoa  would 
have  left  no  sign  of  their  existence,  except  probably  minute  traces 

of  carbonaceous  matter."  Dr.  Dawson  in  the  year  1865  discussed 
the  question  of  associated  organic  structures,  and  what  share,  if 
any,  they  may  have  had  in  the  accumulation  of  the  Laurentian 
Limestone.  Microscopic  examination  exhibited  evidence  of  calca- 

reous and  carbonaceous  fragments  of  organic  origin.  The  contents 
of  the  organic  limestone,  as  shown  by  Dr.  Dawson,  were  "  Remains 
of  Eozoon,  other  calcareous  bodies  probably  organic,  objects  im- 

bedded in  the  serpentine,  carbonaceous  matters,  perforations  or 

worm-burrows."  Dr.  Dawson  strongly  and  fairly  argues  for  asso- ciated life. 
The  presence  of  graphite  in  large  deposits  occurring  both  in 

beds  and  veins  in  the  Laurentian  rocks,  clearly  determines  that  its 
origin  and  deposition  were  contemporaneous  with  the  mass  or  con- 

taining rock  ;  the  graphite,  again,  is  associated  with  calcite,  quartz, 
and  orthoclase.  It  is  not  improbable  that  the  "  vein  graphite  "  was 
introduced  as  a  liquid  hydrocarbon.  Dr.  Sterry  Hunt  believes  it 
possible  that  it  may  have  been  produced  in  a  state  of  aqueous  solu- 

tion*. In  the  lower  Laurentians  the  quantity  is  enormous.  Dr. 
Hunt  also  believes  that  the  origin  of  the  graphite  was  due  to  the 
deoxidation  of  carbonic  acid  by  living  plants.  That  the  graphitic 

*  Hunt,  Report  of  the  Geological  Survey  of  Canada,  1866. 
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matter  of  the  Laurentian  rocks  was  laid  down  or  accumulated  in 
beds  like  coal  is  improbable,  no  evidence  whatever  tending  to  show 
that  there  existed  terrestrial  vegetation.  On  the  other  hand,  the 
hydrocarbon  may  have  been  due  to  diffused  bituminous  matter 
closely  resembling  "  our  bituminous  shales  and  bituminous  and  oil- 
bearing  limestones."  Research  hitherto  has  failed  to  find  traces  of 
any  organism  save  the  Eozoon  ;  no  cryptogam  has  yet  occurred  ;  and 
we  cannot  imagine  that,  if  of  vegetable  origin,  the  organic  matter 
could  have  been  so  completely  disintegrated  and  bituminized  prior 
to  being  changed  into  graphite.  Dr.  S.  Hunt  believes  he  has  de- 

termined the  presence  of  terrestrial  vegetation  in  the  great  beds  of 
Laurentian  iron-ore  which  show  subaerial  decay,  thus  implying  the 
"  reducing  and  solvent  action  of  substances  produced  in  the  decay 
of  plants."  Dr.  Dawson  long  ago  (1875)  believed  that  he  had  found, 
in  the  compact  graphitic  limestones  of  Clarendon,  traces  of  fibrous 
structure  due  to  segregation  which  may  be  the  remains  of  plants, 

"  and  in  some  specimens  vermicular  lines  "  which  he  believed  to  be 
"  Eozoon  penetrated  by  matter  once  bituminous,  but  now  in  the 
state  of  graphite."  At  the  utmost  we  can  only  speculate  upon  the 
presence  or  condition  of  vegetation  during  the  Archsean,  or  Pre- 
Cambrian,  Laurentian,  or  Eozoic  time. 

Dana  employs  the  term  Archaean  in  time,  to  express  in  full  mean- 
ing that  era  in  the  physical  development  of  the  Earth  which  was 

"incompatible  with  the  existence  of  life,"  when  life  was  not,  so  far  as 
we  know.  Little,  however,  is  known  of  that  vast  group  of  rocks 
we  call  Pre-Cambrian,  adopting  this  term  as  used  in  this  country, 
on  the  Continent,  and  in  America,  for  rocks  affording  us  no  history 
or  recognizable  records. 

Dana  again  assumes  and  endeavours  to  show  that  four  eras  pre- 
ceded the  Laurentian  period  : — 

A  first  or  molten  era  subsequent  to  that  of  the  presumed  original 
nebulous  state. 

A  second  era,  one  of  solidification  and  consolidation  through 
cooling,  when  the  Earth  became  solid  at  the  centre ;  later  on,  at- 

mospheric vapours  became  condensed  and  probably  universal ;  water 
covered  all.  The  cooling  and  contracting  of  the  sphere  resulted  in 
oceanic  depressions  in  special  areas,  and  our  continents  were  sha- 

dowed forth  and  contoured,  but  as  yet  no  life  can  be  chronicled. 
The  third  era  may  have  given  us  surface  reliefs :  stratified  deposits 

were  formed. 
The  fourth  era  probably  saw  the  beginning  of  life,  which  occurred 

when  the  oceanic  waters  may  have  stood  at  200°  E.  With  this 
fourth  era  we  may  associate  the  Eozoonal  serpentines. 

In  the  British  Islands  we  have  yet  to  find  that  type  of  Laurentian 
rock  which  yields  either  of  the  great  limestones  of  Canada, — 
the  so-called  Fundamental  Gneiss  of  Scotland,  Malvern,  and  Ire- 

land having  no  affinities  with  the  Eozoonal  and  graphitic  group 
of  the  North- American  continent,  and  being  doubtless  of  vastly 
younger  date. 

To  summarize  the  results  of  the  labours  and  views  of  those  who 
vol.  xxxvn.  f 



54 
PROCEEDINGS  OE  THE  GEOLOGICAL  SOCIETY. 

have  carefully  investigated  and  thought  out  any  great  physical 
question  is  at  all  times  difficult ;  and  perhaps  there  are  few  subjects 
on  which  men  have  theorized  and  differed  more  than  on  the  history  of 
the  globe.  For  time  and  life  are  two  subjects  that  at  once  arrest  the 
attention  of  all  earnest  students.  Our  knowledge  of  the  commence- 

ment of  either  is  as  indefinite  now  as  in  the  days  of  the  earliest 
investigators.  With  the  succession  of  sedimentary  rock-masses 
in  the  outer  framework  of  the  globe  we  are  perhaps  partly  familiar, 
certainly  so  for  given  and  known  areas  ;  there  are,  however,  exten- 

sive regions  yet  unknown  and  unexplored,  and  remaining  to  be  corre- 
lated with  the  known ;  and  yearly  in  the  Transactions  of  our  Society, 

through  the  researches  of  our  Foreign  Members  and  others,  are  we 
reminded  how  insecure  and  uncertain  is  our  base,  how  doubtful  our 
succession,  when  attempted  to  be  universally  applied.  Yearly  some 
new  light  is  thrown  upon  the  obscure  history  of  the  earliest  rocks  with 
which  we  believe  ourselves  acquainted.  Both  the  early  metamorphic 
and  the  lowest  Palaeozoic  rocks,  even  in  our  own  small  area,  are 
still  waiting  for  final  position  and  classification ;  the  same  may  be 
said  of  much  of  Europe,  America,  Canada,  India,  and  Australia. 

Palaeozoic  time  in  Europe  and  Britain  may  have  commenced  with 
the  deposition  of  the  so-called  earliest  Cambrian  rocks ;  but  where 
geographically,  we  know  not — probably  far  to  the  west  of  Ireland 
and  the  British  Islands,  under  what  is  now  the  deep  Atlantic.  The 
north-western  coast  of  Scotland,  and  Ireland,  much  of  the  north-west 

of  England,  and  North  and  South  "Wales  all  point  to  a  region  where we  may  believe  that  the  earliest  known  sedimentary  rocks  of  Western 
Europe,  and  their  life  contents  had  their  commencement  or  origin. 
Little  can  be  said  here  of  Archaean  time  and  its  rocks  as  developed 
on  the  American  continent ;  possibly  we  may  recognize  and  correlate 
the  Archaean  system  of  Dana  with  our  gneissose  schists  and  so-called 
Laurentian  rocks  of  the  north-west  coast  of  Scotland  and  the 
Hebrides. 

It  would  be  mere  speculation  here  to  attempt  to  define  any  strict 
contemporaneity.  We  know  from  the  labours  of  Dana,  and  the  re- 

searches of  Sir  William  Logan  in  the  field,  and  of  Billings  in  the 
study,  that  two  periods  or  eras  of  Archaean  time  are  fully  represented 
in  North  America  and  Canada : — 1st,  the  older  or  Laurentian ; 
2nd,  the  Huronian,  this  latter  in  all  probability  represented  by 
our  lowest  Cambrian,  or  those  beds  underlying  the  Menevian  of  St. 

David's,  and  also  constituting  the  rocks  of  Harlech,  Llanberris,  Ban- 
gor, and  the  Longmynds.  We  have  hitherto  discovered  no  life-remains 

in  the  Archaean  rocks  of  the  British  Islands,  our  so-called  Lauren- 
tians  having  none  of  the  prevalent  limestones,  Eozoonal  or  otherwise, 
of  the  New -York  and  Canadian  rocks.  To  trace  out  the  conditions 
of  the  northern  hemisphere  during  Lower-Cambrian  times,  both 
zoologically  and  physically,  has  been  and  is  still  one  of  the  most 
difficult  and  important  problems  of  modern  geological  research*. 
We  have  long  known  that  the  European  area  was  of  great  extent, 

*  Vide  Hicks,  Geol.  Mag.  dec.  2,  vol.  iii.  p.  876,  "  On  the  probable  Conditions 
under  which  the  Palaeozoic  Kocks  were  deposited  over  the  Northern  Hemisphere. ' 
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oven  before  the  Cambrian  rocks  were  accumulated :  remnants  of  this 
early  land  or  continent  are  still  visible  and  traceable  in  Spain, 
France,  Scandinavia,  Ireland,  Scotland,  England,  and  Wales.  Gneiss, 
granitoid  rocks,  and  occasional  limestones  formed  the  mass  of  this 
Pre-Cambrian  land,  now  exhibited  to  us  in  a  greatly  metamorphosed 
state,  stratigraphically  unconformable  to  the  overlying  Cambrian, 
and  with  a  discordant  strike  north  of  latitude  30°.  These  rocks  are 
visible  on  both  sides  of  the  Atlantic  as  far  as  the  Arctic  regions, 
representing  portions  of  two  continents,  Europe  and  America, 
now  separated  by  the  North  Atlantic. 

Pre-Cambrian  Rocks. 

It  may  be  received  as  an  axiom  that  all  the  known  older  sedi- 
mentary rocks  were  deposited  more  or  less  in  a  similar  manner, 

or  under  similar  conditions,  to  those  of  modern  times.  Allowing 
this  to  be  the  case,  it  is  most  probable  that  those  sedimentary 
deposits  which  are  the  lowest,  or  have  the  earliest  position,  have 
undergone  most  change  ;  and  it  must  be  admitted  that  the  crystal- 

line, semicrystalline,  and  metamorphosed  state  in  which  they  now 
appear  has  been  subsequently  induced  through  various  agencies 
(heat,  pressure,  and  chemical  change)  exerted  through  countless 
ages.  Research  seems  to  prove  that  most  of  the  rocks  now  recog- 

nized as  Pre-Cambrian  were  originally  sedimentary-  strata,  which 
have  undergone,  since  their  deposition,  alteration  or  metamorphism. 
Eew  men  have  paid  more  attention  to  the  physical  history,  distri- 

bution, succession,  and  character  of  this  most  ancient  group  of  rocks 
than  Dr.  Hicks,  ably  followed  by  Professor  Bonney,  Professor  Hughes, 
Mr.  Tawney,  Dr.  Sorby,  Professor  Hull,  and  Mr.  Hudleston ;  each  of 
these  observers  has  contributed  largely  to  the  elucidation  of  the 
history  of  the  Cambrian  rocks  in  his  own  particular  way.  Three 
if  not  four  groups  or  systems  have  been  determined  by  Hicks,  having 
definite  bearings  or  discordant  strikes  one  to  the  other  through 

certain  portions  of  the  British  Islands.  They  occur  in  ascending- 
order,  and  in  the  order  of  time,  as  follows  :— 

1.  Lewisiau.    Hebrides  and  North-west  Highlands. 
2.  Dimetian.    St.  David's,  Caernarvon,  and  Anglesey. 3.  Arvonian.    Pembrokeshire,  Caernarvonshire,  Anglesey,  Shropshire, 

and  the  Harlech  Mountains. 
4.  Pebidian.    South  Wales,  Shropshire,  Charnwood  Porest,  Anglesey, 

and  Ireland. 

Lewisian. — Murchison  gave  the  name  Lewisian  to  the  crystal- 
line rocks  largely  entering  into  the  structure  of  the  Hebrides  and 

North-western  Highlands ;  probably  these  constitute  the  oldest  group 
of  rocks  known  or  recognized  in  the  British  Islands.  Red  felspar, 
hornblende,  and  quartz  are  the  prevailing  ingredients  in  these  mas- 

sive gneisses  ;  occasionally,  as  at  Cape  Wrath  and  on  the  coast  to  the 
south,  almost  pure  hornblende  rock  occurs.  The  strike  of  the 
Lewisian  group  is  usually  east  and  west,  or  ranging  between  that 
and  north-west  and  south-east. 

/2 
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The  Malvern  chain  may  also  represent  the  Lewisian  ;  and  also  the 
highlands  of  North  Ireland  as  developed  in  Donegal. 

Dimetian*. — This  group  is  extensively  developed  in  many  parts  of 
South  and  North  Wales ;  it  occurs  in  Shropshire,  and,  according  to  Dr. 
Hicks,  is  known  in  the  Worcester  Beacon  of  the  Malvern  chain ;  it  is> 
also  said  by  Hicks  to  occur  at  Pen  Fyn,  Loch  Maree,  and  near  Gaer- 
loch  in  Eoss- shire,  and  in  other  areas  in  the  N.W.  Highlands. 

Unlike  the  Lewisian  type,  the  Dimetian  contains  impure  chloritic 
limestones  and  serpentinous  bands  (not  of  organic  origin  so  far  as  we 
know).  The  chief  minerals  are  flesh-coloured  and  white  felspar,  and 
chloritic  and  hornblendic  bands  ;  and  the  rocks  are  highly  quartzose. 
Fragments  of  the  older  Lewisian  gneiss  are  occasionally  found  im- 

bedded in  the  gneiss,  thus  determining  the  unconformability  of  the- 
Dimetian  group,  through  derivation  and  denudation.  Yiridite  occurs 

more  or  less  throughout,  giving  a  tinge  to  the  rock.  At  St.  David's 
the  ridge  formed  by  these  rocks,  according  to  Dr.  Hicks,  averages  from 
2000  to  3000  feet  in  thickness.  "  Cambrian  conglomerates  rest  im- 

mediately upon  the  Dimetian  rocks ;  and  the  highest  members  of  the 

Harlech  group  strike  up  against  the  Dimetian  ridge;"  and  both 
sides  are  flanked  throughout  by  the  uncomformable  Pebidian  group. 

At  St.  David's  the  rocks  chiefly  composing  the  Dimetian  series  are 
compact  crystalline  quartz,  chloritic  schists,  and  indurated  shales ; 
the  quartz  in  places  occurs  almost  perfectly  crystalline.  Massive 
beds  of  calcareous  shale  and  dolomitic  limestone  occur.  et  As  much  as 
20  per  cent,  of  carbonates  have  been  determined  on  analysis  by 
Mr.  Hudleston,  and  in  addition  0*5  per  cent,  of  phosphoric  acid  ; 
hence  it  is  more  than  probable  that  the  lime  was  deposited  by 

organic  aid  "  (Hicks).  The  Pebidian  rocks  are  strongly  contrasted 
by  their  bedded  and  shaly  character.  Dr.  Hicks  has  not  discovered 
any  traces  of  organic  life  in  the  inferior  limestones,  of  which  five 
beds  occur. 

Dr.  Hicks  estimates  the  thickness  of  the  St.  David's  Dimetian  at 
15,000  feet.  Several  intrusive  dykes  traverse  the  series  ;  and  their 
injection  took  place  before  metamorphism  had  commenced.  They  are 
fine-grained  altered  dolerites,  columnar  in  structure,  with  the  columns 
at  right  angles  to  the  plane  of  the  dykes. 

Arvonian. — In  1878  Dr.  Hicks  discovered  in  Pembrokeshire  new 
areas  of  Pre-Cambrian  rocks  of  a  totally  different  character  from 
the  Dimetian  and  Pebidian  which  he  had  previously  described. 
The  rocks  of  this  Arvonian  group  are  marked  on  the  Geological 
Survey  map  as  intrusive  felstones;  they  occur  in  three  or  four 
isolated  masses  of  considerable  extent.  Their  strike  is  from  north 

to  south,  and  discordant  to  those  of  the  newer  rocks  and  the  under- 
lying Dimetian. 

The  wild  mountain-region  of  Plymstone  is  mainly  composed  of 
the  Arvonian  group.  Dr.  Hicks  finds  Lower  Cambrian  and  Lingula- 

flag  rocks  resting  unconformably  upon  the  "  Arvonian  "  along  their 

*  "  Dimetia,"  the  ancient  name  for  a  kingdom  which  included  this  part  of 
Wales.  Vide  Hicks,  "On  the  Pre-Cambrian  (Dimotian  and  Pebidian)  Bocks  of 
St.  David's,"  Quart.  Journ.  Geol.  Soc.  vol.  xxxiii.  p.  229  (1877). 
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N.W.  edge.  Tho  texture  of  this  new  group  is  hard  and  flinty, 
some  portions  having  an  imperfect  conchoidal  fracture.  Tho  chief 
character  or  peculiarity  consists  in  the  manner  in  which  the  quartz 
is  separated  or  segregated  into  nests,  giving  the  rock  a  pseudopor- 
phyritic  appearance. 

The  Arvonians,  both  generally  and  microscopically,  closely  re- 
semble the  Swedish  "  Hiiileflintas  ; "  nevertheless  associated  with 

them  are  true  quartz-felsites,  probably  old  lava-flows  (rhyolitic). 
The  evidence  as  to  the  position  which  the  Arvonian  occupies  in  the 
Pre-Cambrian  group  is  conclusive,  as  determined  by  the  way^  in 
which  the  Cambrian  rocks  are  faulted  down  against  it.  It  is  cer- 

tainly Pre-Pebidian,  as  fragments  of  the  Halleflinta  occur  in  the 
overlying  Pebidian  conglomerates  ;  its  rocks  occupy  a  large  pro- 

portion of  the  Dimetian  axis  of  St.  David's ;  and,  according  to  the 
researches  of  Hicks,  that  part  coloured  as  syenite  and  felstone  in 

the  Geological  map  to  the  N.E.  of  St.  David's  must  be  assigned  to 
the  "Arvonian"  group,  only  the  lower  portion  being  Dimetian. 

Like  the  Dimetian  these  rocks  are  greatly  altered,  consisting  of 
highly  metamorphosed  indurated  porcellanitic  shales.  The  beds 
resting  upon  the  Dimetian  axis  are  hard  compact  conglomerates, 
composed  of  quartz  and  altered  shale  derived  from  the  Dimetian, 

Pebidian*. — The  Pebidian  rocks  are  unconformable  to  the  Dime- 
tian, extending  along  both  sides  of  the  Dimetian  ridge.  They 

strike  from  S.W.  to  N.E.,  nearly  parallel  to  the  ridge,  or  in 
accordance  with  the  overlying  Cambrian  Rocks  ;  they  are  irregular 
in  thickness  and  greatly  metamorphosed,  composed  of  porcellanitic 
shales;  "the  narrow  dark  lines"  of  stratification  and  closely 
approximating  and  intersecting  joints  distinguish  the  Pebidians 
from  the  Dimetian,  against  which  they  rest.  The  "  lower  beds  are 
hard  compact  conglomerates,  composed  of  masses  of  quartz  and 

altered  shales, "  derived  from  the  underlying  rocks  and  closely  con- 
nected together.  These  all  immediately  lie  on  the  Dimetian  axis. 

They  are  to  be  seen  at  Nun's  Well,  south  of  St.  David's,  on  both 
sides  of  the  Caerbuddy  valley  to  the  east  of  the  city,  and  north  and 
south  of  the  cathedral  in  the  valley.  This  Pebidian  group  supports 
the  true  Cambrian  rocks  at  many  places  in  the  neighbourhood. 
Little  more  than  3000  feet  are  exposed ;  and  the  strike  is  nearly 
identical  with  that  of  the  overlying  Cambrian.  The  large  area 
coloured  as  intrusive  greenstone  upon  the  Geological  Survey  map,  and 
extending  parallel  to  Pamsey  Sound,  is  composed  of  the  Pebidians. 
A  considerable  portion  of  the  S.W.  part  of  Parnsey  Island  consists  of 
the  compact  porcellanites  which  characterize  this  series.  The 
Harlech  conglomerates  rest  unconformably  upon  or  along  the  N.E. 
edge  of  the  Pebidiansf.  Basic  lavas  and  breccias  predominate  over 
the  Phyolites. 

It  is  stated  by  Professor  Pamsay,  in  the  '  Geology  of  North  Wales ' 

*  So  named  from  "  Pebidiauc,"  the  name  of  the  division  or  hundred  where 
these  rocks  are  exposed  near  St.  David's. 

t  See  Dr.  Hicks,  Quart.  Journ.  Geol.  Soc.  vol.  xxxiii.  pp.  229--23D,  for  map and  sections  &c. 
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(Mem.  Geol.  Surv.  vol.  iii.  p.  8),  that  the  oldest  rocks  in  Wales  and 
Shropshire  appear  at  the  surface  in  six  districts — elevation,  denuda- 

tion, and  relative  changes  having  caused  to  be  exposed  as  six  inland 
islands  as  many  masses,  chiefly  mountainous,  and  composed  of  the 
oldest  sedimentary  strata,  in  Britain,  whose  true  history  has  3ret 
to  be  written.  In  Ireland  we  may  recognize  three  or  four  such 
areas  also. 

These  and  others,  of  the  history  of  whose  masses  we  are  still 
ignorant,  constitute  the  basis  and  foundation  (mostly  unfossilife- 
rous)  of  all  succeeding  sedimentary  strata.  They  have  been  of  late 
and  still  are  being  subjected  to  critical  examination,  both  chemically 
and  microscopically.  Large  areas  hitherto  believed  to  be  of  igneous 
origin,  and  long  ago  mapped  as  such  during  the  progress  of  the 
Geological  Survey,  are  now  found  under  rigorous  examination  to 
be  sedimentary  rocks  which  have  undergone  complete  metamor- 

phosis since  deposition.  Such  determinations  are  all-important 
when  we  come  to  consider  the  earliest  appearance  of  life  and  its 
distribution  within  the  British  area  ;  for  recent  investigation  has 
resulted  in  the  removal  of  certain  rocks,  hitherto  believed  to  be 
igneous,  to  the  sedimentary  or  stratified  series.  This  has  been  the 
case,  as  we  have  seen,  with  several  important  masses  in  North  and 
South  Wales,  now  designated  Pre-Cambrian,  assuming  them  to  be 
a  group  of  rocks  of  higher  antiquity  than  those  in  which  undoubted 
traces  of  life  have  hitherto  been  found  in  Britain. 

To  the  influence  of  microscopic  investigation  and  research  is  due 
the  right  determination  and  history  of  these  and  other  doubtful 
rocks.  Dr.  Hicks  has  described  some  areas  in  the  Lleyn  peninsula 
along  the  N.AY.  shore  which  he  believes  to  be  representative  of  his 
Dimetian,  Arvonian,  and  Pebidian  groups ;  and  Professor  Bonney 
doubts  not,  from  microscopical  examination,  the  presence  here  of  a 
considerable  Pre-Cambrian  series,  with  at  least  two  very  distinct 
groups  of  rocks. 

Dr.  Hicks  during  the  past  summer  determined  the  presence  of 
an  older  series  of  rocks  than  the  Cambrian  of  the  Harlech  or 
Merioneth  anticlinal  near  the  centre  of  the  Harlech  Dome.  These 

rocks  evident!}-  underlie  the  Harlech  sandstones,  and  constitute 
part  of  a  pre-existing  formation.  The  Cambrian  conglomerates  at  the 
base  of  the  Harlech  grits  contain  fragments  of  rock  identical  with 
this  older  formation. 

No  discovery  of  late  has  equalled  this  in  importance ;  it  has  proved 
the  existence  in  North  Wales  of  a  group  or  system  hitherto  un- 

known, although  expected  or  anticipated.  This  enables  us  to  compare 
the  thickness  of  the  Cambrian  rocks  of  North  Wales  with  that  of 

those  of  the  same  age  at  St.  David's  in  South  Wales,  and  at  the  same 
time  to  realize  and  compare  the  physical  conditions  of  the  two.  This 
may  enable  us  to  measure  the  thickness  of  the  Harlech  Cambrians, 
and  probably  to  arrive  at  the  strike  of  the  subjacent  rocks.  The 
broken  and  denuded  anticlinal  has  exposed  these  Pre-Cambrian 
rocks,  north  and  south  ;  they  are  marked  in  the  maps  of  the  Survey 
as  intrusive  felstones,  but  appear  to  be  a  highly  metamorphic 
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series  of  schists,  alternating  with  bands  of  purplish  slate,  and 
are  believed  by  Dr.  Hicks  to  bo  of  Pebidian  age :  the  strike  is  from 
N.E.  to  S.W. 

Between  Caen  Cochion  and  Pen-maen  east  of  Traws-fynnyld  road, 
the  Cambrian  conglomerates  are  seen  resting  unconformably  upon 
tho  older  series  ;  and  masses  of  the  Pre-Cambrian  occnr  plentifully 
hi  the  conglomerate.  It  is  to  be  hoped  that  Dr.  Hicks  will  continue 
his  researches  over  this  wild  and  difficult  region ;  it  is  highly  im- 

portant to  know  the  precise  nature  of  the  axis  and  underlying  rocks 
of  the  anticlinal.  The  researches  of  Professor  Ramsay  and  the 
Survey  detail  all  that  we  really  know  of  the  great  mass  of  the 
Harlech  Dome  or  Merioneth  anticlinal*.  Caernarvonshire,  Angle- 

sey, Shropshire,  the  Malvern  Hills,  and  Scotland  have  received  critical 
examination  from  Dr.  Hicks  ;  but  his  results  are  too  full  of  detail  to 
be  entered  upon  here. 

The  physical  structure  and  life-history  of  the  classical  promon- 
tory of  St.  David's  has  of  late  years,  at  the  hands  of  Salter  and 

Hicks,  received  an  amount  of  research  and  attention  of  which 
scarcely  any  other  district  can  boast. 

The  rocks  composing  the  ancient  headland  of  Menapise  are, 
perhaps,  the  oldest  known  rocks  containing  organic  remains  in  the 
British  Islands,  if  not  in  the  world ;  nevertheless  the  characters 
presented  by  the  contained  organisms  are  such  that  we  cannot 
imagine  that  we  have  here  traces  of  the  earliest  manifestations  of 
life  upon  the  earth. 

In  treating  of  the  various  successive  formations  embraced  in  the 
recognized  Palaeozoic  divisions  of  the  British  sedimentary  rocks, 
I  shall  omit  altogether  any  definite  classification  into  great  systems. 
For  while  we  may  define  one  period  as  characterized  by  the 
presence  of  a  certain  fauna,  which  in  the  next  succeeding  so- 
called  epoch,  is  replaced  by  a  different  one,  there  will  always  be 
found  in  some  part  of  their  geographical  distribution  a  region 
where,  in  some  form  or  condition,  the  two  faunas  commingle, 
and  where  the  old  one  gradually  disappears  as  the  new  one  comes 
in  or  makes  its  appearance,  To  assign,  therefore,  any  definite  or 
precise  boundary-lines  or  limitations  to  our  stratified  rocks  and  their 
contents,  when  the  record  of  past  life  is  of  necessity  so  incomplete 
and  obscure,  is,  to  say  the  least,  at  present  premature,  if  not  unphi- 
losophical,  however  convenient  it  may  to  a  certain  extent  be ;  but 
the  progress  of  so  boundless  and  progressive  a  science  as  Geology 
with  its  associated  subjects,  demands  that  we  should  lay  clown  no 
hard  or  definite  lines,  no  brackets  or  definitely  constructed  tables. 

Each  year  witnesses  the  breaking-down  of  arbitrary  divisional 
lines  in  classification,  in  Zoology  and  Palaeontology  as  well  as  in 
Geology.  Any  attempt,  therefore,  to  establish  geological  divisions 
or  horizons  upon  either  stratigraphical  or  palaeontological  breaks 
must  be  temporary  and  local  only ;  probably  there  exists  no 
break  in  life,  any  more  than  in  time  or  in  sedimentation ;  for  some- 

*  Vide  Ramsay,  Mem.  Geol.  Survey  of  Great  Britain,  yol.iii.  Geol.  of  North 
Wales,  pp.  17-19. 
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where  there  will  be  found  continuous  and  conformable  succession 

both  physically  and  palaeontologically.  We  have  no  visible  chrono- 
logical scale  in  Geology  but  such  as  is  afforded  by  the  relative 

magnitude  of  zoological  changes  ;  in  other  words,  the  geological 
duration  and  importance  of  any  system  is  in  strict  proportion  to  the 
comparative  magnitude  and  distinctness  of  its  collective  fauna. 

It  would  be  out  of  place  here  to  enter  upon  the  question  which 
has  been  long  at  issue  as  to  the  claims  of  two,  if  not  three,  schools 
of  thought  and  research  in  relation  to  the  divisions  or  classification 
of  the  Lower  Palaeozoic  rocks. 

"  To  Professor  Sedgwick  must  be  conceded  the  credit  of  determining 
and  assigning  the  limits  and  sequence  of  the  larger  subdivisions  ;  for 
single-handed  he  laid  down  with  masterly  precision  the  succession 
and  true  stratigraphical  arrangement  of  the  Lower  Palaeozoic  rocks 

of  Wales,  from  the  Bangor  beds  to  the  summit  of  the  Bala  group." 
"  To  Sir  R.  Murchison  must  also  be  awarded  the  high  credit  of 

having  been  the  first  to  distinctively  assign  to  many  of  these  rocks 

their  sequence,  distinctive  fossils,  and  palaeontological  value  "  *.  Con- 
flicting views  led  to  the  formation  of  a  third  school  of  research,  in 

which  Sir  Charles  Lyell,  Mr.  Salter,  and  Dr.  Hicks  exercised  great 
influence.  These  last  two  observers  assigned  the  term  Silurian  to 
all  the  strata  ranging  from  the  top  of  the  Ludlow  to  the  base  of  the 
Arenig,  and  restricted  the  term  Cambrian  to  all  between  the  base 
of  the  Lower  Arenig  and  the  lowest  known  beds  of  the  Harlech  and 
Llanberris  group.  The  Tremadoc  group,  by  its  fossils,  however,  has 
little  in  common  with  the  underlying  Lingula-flags  and  Mencvians, 
only  sixteen  of  the  Lingula-flag  and  other  forms,  out  of  one  hundred 
and  eightj^-two  that  range  below  the  Tremadoc  passing  up  to  the 
latter  horizon.  The  great  and  almost  total  break  at  the  top  of  the 
Tremadoc  lends  strong  evidence  in  favour  of  the  division  beiug  recog- 

nized here. 
The  recognition  of  a  tripartite  grouping  of  the  faunas  and 

strata,  between  the  base  of  the  Old  Eed  Sandstone  and  the 
Harlech  scries,  cannot  be  disputed;  each  is  characteristic,  and 
possesses  a  broadly-marked  aspect  or  facies — the  Primordial  Cam- 

brian, or  first  fauna,  the  "Ordovician"  system,  or  second  fauna, 
and  the  Silurian  system,  or  third  fauna,  according  to  their  succession 
in  time.  Sedgwick  named  his  system  after;  the  entire  principality 
in  which  his  rocks  were  typically  developed,  his  title  of  Cambrian 
being  comprehensive  enough  to  embrace  the  whole  of  the  Palaeozoic 
rocks.  Murchison  selected  the  term  Silurian,  associating  the  rocks 
of  his  system  with  the  tribe  of  the  Silures. 

Mr.  C.  Lapworth,  in  his  able  paper  upon  the  tripartite  division  of 
the  Lower  Palaeozoic  rocks,  has  suggested,  and  with  good  reason, 
the  name  "  Ordovician  "  for  all  that  group  of  strata  in  the  Great 
Bala  district  called  Upper  Cambrian  of  Sedgwick  or  Lower  Silurian 
of  Murchison — from  the  ancient  tribe  of  the  Ordovices,  who  occupied 
the  country  now  called  Montgomeryshire,  Merionethshire,  Caernar- 

vonshire, Denbighshire,  and  Flintshire.  So  long,  he  remarks,  as  the 
*  Geol.  Mag.  decade  2,  vol.  vi.  pp.  1-15,  1879. 



ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT.  6 1 

present  system  of  nomenclature  exists  nothing  can  disturb  the 
application  of  the  title  Cambrian  to  the  rocks  of  the  primordial  series, 
and  of  Silurian  to  the  strata  of  the  third  fauna,  or  that  series  of 
strata  intervening  between  the  Old  Red  Sandstone  and  the  Lower 
Llandovery.  With  the  intermediate  scries  from  the  Llandovery  to  the 
Lower  Arenig  "  we  have  had  incessant  differences  respecting  nomen- 

clature, proper  limits  of  the  groups,  and  sequence  of  fossils ;  they 
are  still  designated  as  Upper  Bala,  Caradoc,  Middle  Cambrian,  and 
Lower  Silurian.  This  central  system  of  the  Lower  Palaeozoic  may 
therefore  well  receive  a  name  equally  euphonious  and  significant  of 

the  area  where  its  strata  are  typically  developed  "  *. 
jSTo  division  of  the  British  sedimentary  rocks  has  given  rise  to  so 

much  controversy  as  the  so-called  Cambrian  strata.  At  the  present 
moment  they  have  no  fixed  or  definitely-assigned  horizon,  either 
base  or  summit,  beginning  or  end ;  their  time-history,  necessa- 

rily their  space-development  also,  rests  upon  no  agreed  or  recog- 
nized determination.  Two,  if  not  three,  schools  of  research  in  these 

lowest  groups  of  rocks  differ  even  among  themselves  as  to  the 
uppermost  limit  that  should  be  assigned  to  the  term  Cambrian,  or 
where  in  the  field  the  line  of  demarcation  should  be  drawn  between 
it  and  the  Silurian,  or  at  the  base  between  it  and  the  Pre-Cambrian 
or  metamorphic  series.  It  is  no  part  of  my  duty  to  enter  into 
details  relative  to  the  history  of  the  controversy  which  has  so  long 
occupied  the  minds  and  attention  of  the  respective  advocates  of  the 
schools  of  Sedgwick  and  Murchison. 

The  past  ten  years  have  witnessed  great  changes  both  in  the 
nomenclature  and  classification  of  the  Cambrian  rocks.  The  name 
Cambrian,  given  by  Sedgwick  in  1838  to  the  whole  group  of  strata 
below  the  May-Hill  Sandstone,  has  of  late  years  again  given  rise 
to  much  controversy.  This  critical  research  has  been  equally 
important  in  its  bearing  upon  the  investigation  of  European  and 
American  geology  and  the  establishment  of  a  corresponding  no- 

menclature for  the  succession  and  history  of  these  oldest  known 
fossiliferous  rocks  on  the  globe.  Whether  we  can  rightly  refer 
the  Dimetian,  Arvonian,  and  Pebidian  groups  of  Britain  to  the 
Laurentian  and  Huronian  of  Canada  is  yet  a  question;  that  they 
occur  below  the  recognized  Cambrian,  there  can  be  no  doubt,  both 
from  discordancy  of  strike,  penological  differences,  and  supposed 
total  absence  of  organic  remains.  Probably  the  great  groups  of  rocks 
comprised  under  the  above  names  (Laurentian  and  Huronian),  the 

Archaean  of  Dana,  may  be  the  equivalents  in  time  of  our  St.-David's 
and  North-Wales  Pre-Cambrian  ;  and  his  Primordial  or  Cambrian 
system  (embracing  the  two  series  Acadian  and  Potsdam)  may  repre- 

sent the  lower  portion  of  our  fossiliferous  Cambrian  rocks,  or  those 

so  well  defined  and  developed  at  St.  David's,  viz.  the  red  shales  and 
flaggy  beds  with  Lingulella  ferruginea  and  L.  jprimceva,  the  red, 
purple,  and  grey  grits,  the  Pluto ji/a-beds,  the  red,  grey,  and  purple 
flaggy  sandstones,  and  the  succeeding  grey  flaggy  series,  all  five  of 
which  are  fossiliferous.  Not  only  so,  but  these  Pembrokeshire  Cam- 

*  Loc.  cit.  p.  14. 
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briau  rocks  seem  to  have  no  equivalents  in  North  Wales,  unless  they 
represent  in  time  the  Llanberris,  Harlech,  and  Bangor  sandstones, 
grits,  and  flags,  which,  however,  have  as  yet  yielded  no  trace  of  organic 
remains.  Again,  very  few  species  are  common  to  these  grey,  red,  and 
purple  sandstones  and  the  succeeding  well-developed  Menevian 
group,  which  has  yielded  nearly  fifty  species* ;  yet  in  the  Harlech, 
Barmouth,  and  Dolgelly  areas  the  Menevians  immediately  succeed, 
are  conformable  to  the  underlying  barren  unfossiliferous  grits,  and 

exhibit  the  first  traces  in  North  "Wales  of  a  definite  and  defi- 
nable fauna.  In  other  words,  the  representatives  of  the  Harlech 

and  Llanberris  beds  in  the  St. -David's  promontory  contain  a 
well-marked  fauna,  highly  characterized  by  the  Crustacea  (7 
genera  and  14  species)  and  by  the  still  more  important  fact 
that  no  species  occurring  in  the  Longmynd  and  Harlech  rocks  of 

St.  David's  are  known  in  North  Wales.  It  is  only  in  the  succeeding 
Menevian  (Lowest  Lingula-flags)  that  there  is  a  well-marked  com- 

munity. Of  the  12  Pembrokeshire  species  (9  of  which  are 
Trilobita,  viz.  Agnostus  cambrensis,  Conocoryplie  bufo,  0.  Lyellii, 
O.  solvensis,  Microdiscus  sculptus,  Paradoxides  aurora,  P.  HicJcsii, 
P.  HarJcnessii,  and  Plutonia  JSedgivicld.i)  not  one  is  known  out  of 
the  area ;  whereas  of  the  28  Menevian  species  known  in  the  St.- 
David's  area,  12  are  common  to  it  and  North  Wales  and  5  are  con- 

fined to  North  Wales,  viz.  Agnostus  reticulatus,  Ang.,  Anopolenus 
impar,  Hicks,  Conocoryplie  coronata,  Barr.,  C.  Homfrayi,  Salt., 
and  Erinnys  venulosa,  Salt. ;  7  are  common  to  both  areas,  and 
16  peculiar  to  the  Menevian  promontory.  These  will  be  referred 
to  under  the  Menevian  group. 

This  non-occurrence  of  fossil  remains  other  than  Annelide-burrows 
(Chondrites  and  Cruziana)  in  the  Cambrian  of  the  Geological  Sur- 

vey has  much  significance  when  they  are  compared  with  groups  of 
rocks  equivalent  in  time,  and  not  far  removed  geographically,  meta- 
morphism  not  having  affected  their  original  condition  so  as  to  have 
obliterated  all  traces  of  life.  The  sequence  in  both  areas  (North  and 
South  Wales)  is  the  same,  as  proved  or  determined  by  the  position 
of  the  Menevian  beds,  which  in  South  Wales  have  a  fossiliferous 
base  in  grey,  red,  and  purple  sandstones,  these,  again,  resting  upon 
a  Pre-Cambrian  foundation  of  highly  metamorphosed  rocks,  divisible 
into  three  systems  or  formations,  which  Dr.  Hicks  has  denominated 
Dimetian,  Arvonian,  and  Pebidian,  all  having  different  strikes  or 
bearings.  We  must  remember  that  the  Menevian  beds  of  North 
Wales  rest  (so  far  as  is  at  present  known)  on  the  unfossiliferous 
Bangor,  Llanberris,  and  Harlech  grits  throughout  their  known  ap- 

pearance and  range. 

Lowee  Cambrian  Rocks. 

The  fossils  which  occur  in  the  lowest  known  part  of  the  Harlech 

and  Bangor  group  at  St.  David's  are  Lingulella  ferruginea,  Salt.,  L. 
*  The  Middle  Cambrian  or  Lower  Lingula-flags  of  Sedgwick,  the  Lingula- 

flags  of  authors,  and  the  Upper  Cambrian  of  Lyell  and  Salter  ;  the  Menevian 
group  of  Salter  and  Hicks. 
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primceva.  Hicks,  Distinct,  sp.,  J),  caerfaiensis,  Hicks,  and  Leperditia 
cambrensis,  Hicks  :  these  all  occur  in  the  lowest  red  shales  below  the 
sands  at  Castell,  on  the  east  side  of  Ramsey  Sound.  About  1000  feet 
of  unfossiliferous  red  and  purple  grits  and  sandstones  succeed  this 
first  known  fossiliferous  group  ;  then,  in  yellowish-grey  flaggy 
sandstones,  between  Forth- Clais  Harbour  and  Caerbuddy,  we  meet, 
for  the  first  time,  with  the  gigantic  Crustacea  (Trilobita)  Plutonia 
and  Paradoxides,  and  associated  with  them  two  genera,  Microdiscus 
and  Agnostus,  almost  microscopic  in  size,  and  at  the  same  time,  or 
in  the  same  beds,  Protozoa  belonging  to  two  species  of  Hexacti- 
nellid  sponges,  Protospongia  fenestrata,  Salt.,  and  P.  major,  Hicks, 
and  also  two  species  of  Pteropoda,  Tlieca  antiqua,  Hicks,  and  T. 
penidtima,  Salt.  I  particularly  mention  this  first  assemblage  of 
life,  as  being,  so  far  as  I  know,  the  earliest  in  the  earitis  history 
on  record ;  and  it  consists  nevertheless  of  forms  whose  organiza- 

tion was  not  embryonic ;  thus  distinctly  pointing  to  a  line  of  an- 
cestors belonging  to  this  or  some  other  area  yet  to  be  determined. 

The  entire  fauna  of  these  Pluto  nia-heds  consists  of  8  genera  and 
9  species,  5  of  which  are  Trilobita  (viz.  Plutonia  Segiuickii,  Hicks, 
Paradoxides  Harknessii,  Hicks,  Conocoryphe  Lydellii,  Hicks,  Micro- 
discus  sculptus,  Hicks,  Agnostus  cambrensis,  Hicks),  two  Protozoa 
(Protospongia  fenestrata,  Salt.,  and  P.  major,  Hicks),  with  Lingulella 
ferruginea,  Salt.,  and  Tlieca  antiqua,  Hicks ;  three  of  these,  Para- 

doxides Harknessii,  Agnostus  cambrensis,  and  Protospongia  fenestrata, 
pass  to  the  Menevian  group.  Plutonia  Sedgtvichii,  Conocoryphe 
Lyellii,  and  Microdiscus  sculptus  have  not  been  detected  in  any 
higher  horizon,  and  P.  Harknessii  only  in  the  succeeding  red, 
grey,  and  purple  flaggy  sandstones,  where  it  is  associated  with 
Conocoryplie  solvensis,  which  represents  Conocoryphe  Lyellii  below. 
Grey  and  purple  sandstones,  1500  feet  thick,  but  with  a  scanty 
fauna  of  only  five  species,  including  the  doubtful  Eophyton,  succeed 
the  PZ^om«-sandstones.  Finally  the  Harlech  and  Llanberris  group 
at  St.  David's  terminates  with  grey  flaggy  sandstones,  which  contain 
another  form  of  Paradoxides  (P.  aurora),  Conocoryplie  bufo,  Hicks, 
and  Agnostus  cambrensis,  Hicks;  in  all  eight  species  are  known  to 
occur. 

This  first  incoming  of  life  in  the  British  rocks  and  in  the  SL- 
ID avid's  area  exhibits  a  singular  assemblage  and  grouping  of 

species,  doubtless  owing  to  our  limited  acquaintance  with'  the  then 
existing  fauna,  rendered  obscure  through  the  present  state  of  our 
collections.  Numerically  the  fauna  of  the  Lower  Cambrian  com- 

prises 61  genera  and  182  species,  ranging  from  the  lowest  red 
shales  of  the  Longmynd  group  to  the  top  of  the  Tremadoc.  The 
Longmynd  and  Harlech  beds  yield  18  genera  and  32  species,  the 
Menevian  group  of  South  Wales  24  genera  and  51  species,  the 
Lower  Lingula-flags  of  all  localities  17  genera  and  36  species,  the 
Upper  Lingula-flags  14  genera  and  41  species,  the  Lower  Tremadoc 
29  genera  and  59  species,  and  the  Upper  Tremadoc  20  genera  and 
33  species.  Of  this  Lower-Cambrian  fauna  (61  genera  and  182 
species)  only  9  genera  and  12  species  pass  to  the  Arenig ;  of  these, 
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5  are  Trilobita  (Asaphus  affinis,  M'Coy,  A.  Homfmyi,  Salt.,  Oheirurus 
Frederici,  Salt.,  Bioni.de  atra,  Salt.,  and  Ogygia  scutatruv,  Salt.).  It 
will  be  observed  tbat  these  are  all  Tremacloc  species,  none  of  the  earlier 
or  more  pronounced  Longmynd,  Menevian,  and  Lingula-flag  forms 
ever  appearing  above  the  Lingula-flags ;  but  assuming  that  the 
Tremadoc  rocks  terminate  the  lower  division  of  the  Cambrian  series, 
they  must  be  acknowledged  to  be  of  value. 

The  species  of  Brachiopoda,  as  we  should  expect,  tell  much  the 
same  tale.  They  are  Lingulella  primceva,  L.  ferruginea,Y3ii\  ovalis, 
and  Obolella  metadata,  which  do  not  pass  out  of  the  lowest  divi- 

sions ;  while  Lingula  petalon,  L.  lepis,  Lingulella  Bavisii,  Obolella 
plicata,  and  Orthis  Carausii,  0.  lenticidaris,  and  0.  menapiai  unite 
the  Tremadoc  to  the  Arenig.  The  remaining  species  are  pelagic 
Mollusca.  jNo  G  asteropoda  occur,  and  no  form  of  Lamellibranch  until 
we  reach  the  Lower  Tremadoc,  where  12  species  are  met  with,  thus 
showing  this  earliest  known  fauna  to  have  been  highly  specialized 
and  of  long  duration  ;  this  would  be  expected  from  the  great  physical 
development  of  the  rocks,  as  well  as  through  the  large  crustacean 
fauna,  which  numbers  28  genera  and  103  species,  only  5  of  which 
passed  to  the  succeeding  horizon,  or  the  Arenig,  as  before  stated  ; 
none  of  the  great  Olenidse  (Paradoocides,  Platonia,  and  Neseuretus) 
losses  to  the  higher  division  of  the  Cambrian  or  Cambro-Silurian 
rocks. 

The  Pelagic  fauna,  5  genera  and  18  species,  as  exemplified  by  the 
Pteropoda  and  Heteropoda,  was,  and  is  still,  the  largest  known,  in- 

cluding Cyrtotheca  1  species,  Theca  14,  Stenotheca  1,  Conidaria  1, 

and  Bdlerophon  1.  Nine  of  these  are  St.-David's  forms  ;  and  only 
2  species  of  Pteropoda,  Theca  simplex  and  Conidaria  Homfrayi, 
with  Bellerophon  multistriatas,  pass  to  the  Arenig  ;  they  will  also  be 
noticed  under  that  group. 

Plaxtje. — Granting  that  the  Oldhamiw  might  be  calciphites,  or  cal- 
careous corallines,  resembling  in  habit  the  Melobesice  and  Nidliporce 

of  modern  seas,  or  the  group  of  corallines  so  abundant  in  the  seas 
of  warmer  latitudes,  we  are  still  at  a  loss  as  to  their  true  nature, 
even  if  organic  at  all.  Goppert  refers  them  to  sea-weeds,  and  com- 

pares 0.  antiqua  with  the  living  Liagora  ramellosa  of  Kiitzing 
from  TenerifTe  ;  but  Goppert  makes  two  genera  of  Oldhamia ;  Mur- 
cliisonites  and  Oldhamia,  the  0.  antiqua  of  Forbes  being  his  Mur- 
chisonites  antiqua.  Professor  Kinahan  and  Edward  Forbes  both 
referred,  them  to  the  class  Hydrozoa  as  having  affinities  with  the 
Sertulariidae  *.  The  Eev.  Mr.  Berkeley  long  ago  suggested  a  resem- 

blance to  the  genus  Acetabidaria,  one  of  the  Chlorospermea)  (Chloro- 
sporese).  No  traces  whatever  of  these  singular  remains  have  been 
found  in  any  of  the  Cambrian  rocks,  either  in  North  or  South  Wales. 
Mr.  Salter  well  searched  the  Cambrian  grits  near  Bangor  and  Harlech 
for  Oldhamice ;  but  nothing  approaching  them  was  ever  detected. 
Probably  their  place,  in  the  absence  of  better  evidence,  is  amongst 
the  Hydrozoa.    It  is  singular  that,  amidst  these  grandly  developed 

*  Vide  Baily,  'Figures  of  Characteristic  Brit.  Foas.'  vol.  i.  Palaeozoic,  p.  1, 
t.  1  (1875).  This  book  should  be  in  the  possession  of  all  students  of  Palieozoic 
palaeontology. 
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rocks  of  Wales,  both  North  and  South,  110  traces  of  this  doubtful 
body  have  occurred. 

Protozoa. — Pour  species  of  Hexactinellid  sponges  (by  no  means 
uncommon  in  the  Longmynd  and  Menevian  rocks  of  St.  David's) 
have  been  described.  Three  of  the  four  species  belong  to  the  Har- 

lech beds,  below  the  Menevian ;  and  all  four  occur  in  the  Menevian. 
Protospongia  fenestrate  Salt.,  is  also  from  the  Lower  Lingnla-fiags 
proper.  Zittel  places  these  sponges  in  the  family  Euretidae  with  the 
Hexactinellida),  and  in  the  group  Dictyonina.  Mr.  Carter  believes 
them  to  be  the  remains  of  s  ar  co-hex  a  ctinellid  sponges,  which  Mr. 
Sollas  has  confirmed  *.  Mr.  Salter  was  the  first  to  notice  these  Amor- 
phozoa  in  the  lowest  and  oldest  rocks  of  Wales.  The  original  form  of 
these  sponges  we  know  not ;  it  may  have  been  flat  and  incrusting. 
like  Grantia.  Mr.  Sollas  suggests  that  they  may  have  been  "  sacci- 

form "  and  anchored  in  the  slimy  ooze  of  the  sea-bottom  by  a  tuft  of 
anchoring-spicules f.  The  spicules  were  originally  siliceous,  but  are 
now  converted  into  iron  pyrites.  The  fact  also  that  the  spicules  are 
separate,  not  being  "  enveloped  in  a  common  coating,  or  united  by 
ankylosis,  clearly  places  or  assigns  them  to  the  group  Lyssakina  of 

Zittel,  nearly  equivalent  to  Carter's  division  of  the  Sarco-hexacti- 
nelfidse."  The  species  known  are  Protospongia  diffusa,  Salt.,  P.  fene- 

strates, Salt.,  P.  major,  Hicks,  and  P.  ftahellata,  Hicks.  No  traces 
of  these  have  occurred  either  in  the  Harlech,  Longmynd,  Menevian, 
or  Lingula-flags  of  North  Wales.  They  may  be  sought  for  round 
the  Harlech  Dome,  amidst  the  black  shales  and  flags  of  the  Menevian 
beds. 

Annelida. — The  Longmynd  group  yields  four  genera  and  five 
species,  Arenicolitcs  uricomiensis,  Call.,  A.  sparsus,  Salt.,  Scolites 
socialist,  Haughtonia poecila,  Kin.,  and  Histioderma  hibernica,  Kin. 
If  the  quartzites  of  the  Wrekin  in  Shropshire  are  of  the  age  assigned 
to  them  by  Dr.  Calloway,  then  the  Arenicolites  uricomiensis  of  that 
author  is,  with  the  exception  of  Eozoon  canadense,  the  oldest  known 
fossil.  Beyond  the  doubtful  Annelidan  tracks,  and  one  species  (Are- 

nicolites sparsus)  from  the  Longmynd  group  of  England  and  Wales, 
we  have  no  determined  species.  Two  of  the  five  species  (Haughtonia 
poecila,  Kin.)  and  Histioderma  hibernica,  Kin.,  are  Irish,  from  near 
Bray  Point.  Nine  out  of  ten  of  the  so-called  fucoidal  or  plant- 
remains  in  the  rocks  below  the  Devonian  are  only  Anneiide-burrows. 

Crustacea. — Seven  genera  and  14  species  occur  in  the  lowest 
Cambrian  or  Harlech  rocks  of  St.  Davids,  10  of  which  are  confined 
to  them  ;  the  remaining  4  species  (Agnostus  cambrensis,  Conoco- 
ryplxe  hufo,  Paradoccides  aurora,  and  P.  Hicksii)  connect  the  Har- 

lech and  Longmynd  Crustacea  with  the  Menevian.  The  7  genera 
are  Agnostus,  Oonocoryphe,  Leperditia,  Microdiscus,  Paradoccides, 
Plutonia,  and  Palceopyge :  2  species  of  Conocoryplie  (C.  Lyellii  and 

*  See  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  pp.  362-367,  Sollas  "On  the 
Structure  and  Affinities  of  the  Genus  Protospongia." 

t  This  has  been  confirmed  through  the  occurrence  of  another  form  in  the 
same  family,  lately  described  by  Mr.  Sollas  from  the  Silurian  of  Canada. 
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C.  solvensis),  3  species  of  Leperdiiia  (L.  ferruginea,  L.  cambrensis, 
and  L.  primcevci),  Microdisczis  sculptus,  and  Plutonia  Sedgwiehi 
are  all  confined  to  the  Harlech  and  Llanberris  group  of  St. 

David's.  They  constitute  the  Crustacean  fauna  of  that  horizon, 
out  of  103  species  known  in  the  six  divisions  of  the  Lower  Cam- 

brian rocks,  and  up  to  the  close  of  the  Upper  Tremadoc.  The  Me- 
nevian  group  possesses  the  largest  Crustacean  fauna  in  the  eleven 
classes,  and,  except  the  Brachiopoda,  the  largest  number  indi- 
vidually. 

Hydrozoa. — No  form  known  below  the  Upper  Lingula-flags  or 
the  Lower  Tremadoc,  from  which  Dr.  Callaway  has  obtained  the 
earliest  known  species,  Bryograptus  Callavei,  Lapw.  Hr.  Lap- 
worth's  genus  occurs  in  the  Shineton  shales  of  Shropshire.  The 
same  genus  occurs  in  the  OZemts-beds  of  "Westrogothia,  in  Sweden, Linnarsson  having  detected  these  oldest  Khabdophora  in  that  area. 

Brachiopoda. — Only  6  species  are  essentially  Lower-Cambrian 
or  Harlech  forms,  Discina  pileolus,  D.  caerfaiensis,  Lingulella  ferru- 

ginea and  var.  ovalis,  L.  primoeva^  and  Orthis  saglttalis ;  this  last 
species  is  doubtful.  Five  genera  and  20  species  range  through  the 
six  horizons,  or  from  the  Longmynd  group  to  the  Upper  Tremadoc  ; 
but,  as  we  have  seen,  only  the  6  just  named  occur  in  the  lowest 
horizon ;  4  of  these  belong  to  the  Tretenterata  (non-articulate  group). 
It  is  doubtful  if  the  others  occur  in  the  Longmynd  group. 

Lamellibranchiata. — No  bivalve  mollusk  is  known  to  occur 
below  the  Lower  Tremadoc.  In  that  formation  for  the  first  time 
in  Britain  we  recognize  5  genera  with  12  species.  Davidia  and 
Glyptarca  are  new  ;  the  remaining  3  are  the  well-known  genera 
Modiolopsis,  Palcearca,  and  Ctenodonta.  This  may  be  regarded  as  the 
first  well- determined  appearance  of  the  Pelecypoda  in  any  region. 

Gasteropoda. — None  known  in  the  whole  of  the  series  of  forma- 
tions below  the  Arenig,  where  four  genera  seem  to  be  recognized, 

both  in  South  Wales  (St.  David's)  and  in  the  Stiper-stones  area. 
Pleurotomaria  ttanvirnensis,  Hicks,  Euomplialus  corndeusis,  Sow., 
and  forms  of  Ophiteta  and  Ehajphistoma  occur. 

Pteropoda. — The  six  horizons  of  the  Lower  Cambrian  yield  4 
genera,  Cyrtotheca,  Stenotheca,  Theca,  and  Conidaria,  and  are  repre- 

sented through  the  six  divisions  by  11  species :  but  only  2  occur  in 

the  Longmynd  group  of  St.  David's  under  analysis  {Theca  antiqua, 
Hicks,  and  T.  penultima,  Salt.).  The  Menevian  beds  of  the  same 
area  have  yielded  6  species,  to  be  noted  under  that  group  of  rocks, 
and  the  Lower  and  Upper  Tremadoc  9  species.  During  the  Arenig 
and  Caradoc  periods  onty,  have  we  to  record  so  many  pelagic  Mol- 
lusca ;  8  species  occur  in  the  Arenig,  and  10  in  the  Caradoc. 

Heteropoea. — Bellerojolion  is  the  only  form  that  occurs  in  these 
lowest  rocks ;  but  no  species  has  been  recorded  lower  than  the  so- 
called  Middle  Lingula-flags,  where,  as  B.  cambrensis,  Belt,  the  genus 
first  appears,  associated  with  Hymenocaris  vermicauda  and  Cono- 
coryphe  in  the  Upper  Ffestiniog  rocks  ;  but  four  of  the  five  known 
species  are  Tremadoc,  where,  specifically,  the  genus  becomes  of  im- 
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portance.  B.  multistriatus,  Salt,  (an  Upper-Trcmadoc  species),  unites 
the  Heteropoda  of  the  Lower  with  those  of  the  Arenig  or  Middle 
Cambrian  group. 

Cephalopoda. — No  form  or  species  known  until  we  reach  the 
horizon  of  the  Tremadoc  rocks,  where  for  the  first  time  we  find 
both  Cyrtoceras  and  Ortlioceras,  one  species  of  each  genus.  Cyrto- 

ceras prcecox,  Salt.,  is,  I  believe,  the  earliest  Cephalopod  known.  The 
Lower  Tremadoc  rocks  of  Llanerch,  west  of  Portmadoc,  yielded  the 
Cyrtoceras ;  and  the  Upper  Tremadoc  of  Garth,  and  Llauvirn,  St. 

David's,  0.  sericeum.    The  latter  passes  to  the  Arenig  rocks. 
We  have  thus  seen  how  unequally  distributed  (as  we  should  ex- 

pect) are  the  zoological  groups  through  the  lowest  Cambrian  rocks, 
and  how  distinctively  certain  genera  characterize  them,  and,  as  will 
be  found  upon  a  separate  analysis  of  the  Menevian,  Lingula-flags, 
and  Tremadoc  beds,  how  distinct  a  period  is  represented  by  all  below 
and  up  to  the  close  of  the  Tremadoc  age.  The  six  divisions  of  the 
Lower  Cambrian  represent  the  earliest  history  of  the  British  rocks ; 
for  out  of  the  61  genera  and  182  species  known  to  range  through 
them,  only  11  genera  and  16  species  pass  to  the  Arenig  or  base 
of  the  Lower  Silurian,  or  Middle  Cambrian  (see  Table  VII.). 

Table  I. — Longmynd,  Harlech,  and  Llanberris. 

Classes. Genera. 
Species. 

Pass  to 
Menevian. 

2? 
3? 

1 
 ' 

3 
Hydrozoa. Actinozoa. 
Echinodermata. 

4 4 
7 

14 3 

Bryozoa. 
4 

3 6 3 
Laniellibranchiata. 

4 

Gasteropoda. 
Pteropoda  1 2 1 
Heteropoda. 
Cephalopoda. 

1 

18 
32 

Dr.  Hicks  has  favoured  me  with  a  new  classification  for  the 

Lower  Cambrian  (Longmynd  and  Harlech)  rocks  of  St.  David's : 
the  geographical  significance  of  the  names  employed  renders  them 
of  value ;  and  nothing  of  the  kind  has  been  previously  attempted 
below  the  Menevian  group : — 
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(  ̂00  ft' }  Sandstones  and  shales,  with  Orthis  Hicksii  &c. 

^group ̂     ̂35(f  ft' }  ^af s  and  suites,  with  Paradoxides  Davidis. 

\   30^  ft'  }  ®TeJ  naSs?  with  Paradoxides  Hicksii  &c. 

Y5O  ft'  }  ^rc^  roc-^s'  with  Paradoxides  aurora  &c. 
Solva     Middle  f  ®rey'  Purple>  and  red  rocks,  with  Paradoxides  solvensis 

grout)     1500  ft'  I     (Hicks,  MS.),  ConocorypJie  solvetisis,  &c,  also  Eophy- °     *■ '  I  ,     tow  and  large  fucoids. I  Lower,  f  Yellowish  grits,  sandstones,  and  flags,  with  Paradoxides 
{   150  ft.  \    Har/messii,  Plutoniq  Sedgwickii,  &c,  also  Eophyton. 

\  ^00  ft'  j  ^>urP^e  sandstones,  with  Annelids. 
Caerfai  ■  Middle  f-^ec^  shales  and  schists,  with  Leper ditia  cambvensis, 
n-™  ™  \  rr\  a  '  1     Linqulella  yrimceva,  Piscina  caerfaicnsis  (Hicks,, group.  ou  It.  ̂     Mg^  &c 

I  Lower,  f  Conglomerates  and  green  flaggy  sandstones,  with  An- 
(    520  ft.  j  nelids. 

Below  the  Caerfai  group  in  South  Wales,  at  St.  David's,  occur  the 
Dimetian  and  Pebidian  rocks,  Pre-Cambrian  in  age,  unconformable 
in  position,  and  discordant  in  strike ;  they  constitute  the  well-defined 
axis  of  the  St.-David's  promontory. 

Menevian*  and  Lingela-elags. 

In  1865  Messrs.  Salter  and  Hicks  gave  the  name  to  and  established 

this  group  of  strata  in  the  St.-David's  promontory,  Pembrokeshire f  ; 
it  constitutes  the  lowest  division  of  the  Middle  Cambrian  of  Sedg- 

wick, and  equals  his  Lower  Lingula-flags,  and  is  embraced  in  the 
Lingula-flags  of  authors  and  the  Upper  Cambrian  of  Lyell  and  Salter ; 
it  is  also  recognized  as  being  equivalent  to  Barrande's  Etage  C  in 
Bohemia ;  it  occurs  in  Sweden,  has  been  recognized  in  North  Ame- 

rica and  Canada,  and  is  the  St.-John's  group  in  Newfoundland. 
The  Menevian  is  now  recognized  as  a  separate  division  or  sub- 

group, distinguished  from  the  Lingula-flags  proper  above,  as  the 
Ffestiniog  of  Sedgwick  was  applied  to  the  Middle  and  Upper  groups 
of  the  Lingula-flags  in  North  Wales.  In  South  Wales  the  Menevian 
is  about  700  feet  thick,  and  more  or  less  fossiliferous  throughout. 
Probably  the  base  of  the  Menevian  cannot  be  separated  from  the 
underlying  grits  and  sandstones  of  the  Harlech  and  Bangor  series, 
passing  as  they  insensibly  do  into  them,  both  m  North  and  South 
Wales,  and  also  into  the  true  Lingula-flags  above.  No  fossils  occur 
or  have  yet  been  detected  in  the  grits  and  sandstones  of  the  imme- 

diately underlying  Harlech  rocks,  which  comprise  the  structure 
of  the  Harlech  Dome  (Merionethshire  anticlinal  of  Sedgwick) :  the 
same  may  be  said  of  the  great  and  exposed  masses  of  these  Lower 
Cambrian  rocks  of  the  Bangor  area,  obscure  traces  of  Annelide- 

~*  Menasvia  is  the  classic  name  for  St.  David's. 
t  First  announced  at  the  British  Association,  BirmiDgham,  18(55,  '  Eeport/ 

p.  281. 
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tracks  {Chondrites)  and  burrows  (Arenicolites)  being  all  that  has  re- 
warded patient  research  ;  but  below  the  primordial  Menevian,  as 

we  have  seen,  in  the  promontory  of  St.  David's,  there  exist  greenish, 
grey,  and  red  flaggy  or  shaly  sandstones,  with  species  of  Lingulella 
differing  from  the  typical  L.  Bavisii  of  succeeding  age.  In  the 
yellow,  grey,  and  purple  sandstones  and  flags  we  have  the  first 
known  Trilobites ;  and  these  are  of  gigantic  size — the  two  genera 
Plutonia  and  Paradoxides,  with  Conocoryplie,  demanding  from  us 

the  belief  that  they  were  by  no  means  the  first  of  Cambria's  Crus- tacea. 
The  earlier  highly  metamorphosed  rocks  below  the  Caerfai  group 

and  the  Pfotfom'«-sandstones  in  all  probability  contained  the  pro- genitors of  these  early  giants ;  nowhere  else  in  the  British  islands, 
Europe,  or  America  have  species  been  found  of  such  high  antiquity. 
To  the  untiring  energy  of  Dr.  Hicks  we  owe  the  discovery  of  these 
rocks  and  the  description  of  the  species  contained  in  them. 

The  Menevian  of  the  St.-David's  area  rests  upon  and  passes 
insensibly  down  into  the  fossiliferous  Harlech  and  Bangor  rocks, 
which  contain  an  earlier  fauna,  which  is  not  at  all  represented  in 
North  Wales,  either  at  Harlech  or  Bangor.  Only  one  of  the  five 
species  of  the  great  Paradoxides  found  in  the  pre-Menevian  and 
Menevian  beds  of  South  Wales  is  known  in  North  Wales.  The 

long-known  and  solitary  specimen  called  P.  Forehharnmeri,  from 
an  unknown  locality,  is  now  determined  to  be  P.  Hicksii,  which 
occurs  sparingly  in  the  Menevian  beds  on  the  Camlan  river  north 
of  Dolgelly,  but  more  abundantly  with  its  two  congeners,  P.  aurora 

and  P.  Davidis,  in  South  Wales,  the  fourth  species,  P. '  jBarfcnessii, 
characterizing  only  the  Harlech  group  at  St.  David's  *.  Associated 
with  these  large  Menevian  Paradoxides,  other  forms,  equally  sig- 

nificant, occur,  viz.  Holoceplialina  injlata,  Hicks,  H.  primordialis, 
Salt.,  and  Caransia  menevensis,  Hicks ;  and  they  range  no  higher, 
being  distinctively  typical  or  characteristic  species  of  this  horizon. 

Two  species  of  Anopolenus  {A.  Henrici,  Salt.,  and  A.  irnpar,  Hicks) 
are  common  to  the  two  areas,  the  former  occurring  at  Khaidr-ddu 
valley,  Tyddyngwladis,  near  Dolgelly,  the  latter  at  the  Maentwrog 
Waterfall. 

No  less  than  6  species  of  the  genns  Conocoryplie  occur  in  the 

Menevian  group :  3  characterize  the  St.-David's,  and  2  the  North- 
Wales  beds ;  and  1  species,  0.  apphmata,  is  common  to  both 
areas.  Conocoryphe  liumerosa,  Salt.,  C.  bufo,  Hicks,  C.  solvensis,  St. 

David's  only  ;  C.  coronata,  Barr.,  C.  Homfrayi,  Salt.,  North  Wales, 
Maentwrog ;  C.  applanata  uniting  the  two  areas.  Erinnys  venu- 
losa.  Salt.,  and  Arionellus  longiceplialus,  Hicks,  are  both  found  in 

the  Waterfall-valley  at  Maentwrog,  and  the  latter  also  at  St.  David's. 
I  draw  attention  to  this  group  of  Crustacea  because  they  are  strati- 
graphically  important,  and  constitute  by  far  the  most  characteristic 

*  Dr.  Hicks  lias  added  another  species  from  the  Trelewr  beds  below  the 
Menevian,  P.  solvensis,  associated  with  Conocoryphe  solvensis  and  the  so-called 
Eophyton. 

vol.  xxxvii.  q 
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portion  of  the  fauna  of  the  lowest  Cambrian  rocks.  No  less  than 
9  genera  and  26  species  occnr  in  the  Menevian  rocks  alone  of  North 
and  South  Wales ;  or,  in  other  words,  more  than  half  the  known 
fauna  is  Trilobitic.  In  the  Menevian  beds  occur  the  first  known 
Cystidean,  a  few  fragments  having  been  found  by  Dr.  Hicks,  in  1872, 
associated  with  Pteropoda  (Theca)  and  Entomostraca.  The  finding  of 
Paradoocides  Davidis  and  P.  Hicksii  at  Dolgelly,  on  the  same  horizon 

as  that  of  St.  David's,  immediately  above  the  "  Cambrian"  sandstones 
(Harlech  and  Barmouth  beds),  in  bands  of  uncleaved  Menevian  slate 
and  ashes,  aids  greatly  in  the  correlation  of  the  two  areas.  This,  with 
other  evidence,  justified  Hicks  and  Salter  in  regarding  the  Menevian 
and  the  Lower  Lingula-fiags  as  a  well-marked  division  or  subgroup 
differing  from  the  Upper  Lingula-fiags,  quite  as  much  so  as  do  the 
Upper  Lingula-fiags  from  the  overlying  Lower  Tremadoc  slates  (as 
now  understood)  :  for,  with  few  exceptions,  the  species  in  each  are 
peculiar,  and  they  possess  many  peculiar  genera.  I  may  mention 
the  following  as  genera  that  first  appear  in  the  Menevian  beds ;  and 
those  marked  with  an  *  are  confined  to  that  horizon  : — 

^Protocystites. 
^Arenicolites. 
■kArionellus. 

*An(ypolenus. 
^Erinnys. 

^Holocephdlina. 
*Carausia. 
Primitia. 

?  Orthis. 
Obolella. 

*  Gyrtoiheca. •xStenotheea. 

Although  four  species  of  Protozoa  (Protospongia .  diffusa ,  Salt., 
P.  fenestrata,  Salt.,  P.  major,  Hicks,  and  P.  flabetlata,  Hicks) 
occur  at  St.  David's,  the  three  first  named  species  commenced  in 
the  Harlech  beds  below,  P.  flabellata  being  Menevian  only. 

No  Protozoa  have  yet  been  detected  in  the  North-Wales  area. 
Prior  also  to  the  year  1863  we  had  no  knowledge  of  the  exist- 

ence of  the  gigantic  Oleni,  revealed  to  us  by  the  researches  of 
Salter,  who  disentombed  the  great  Paradoocides  (P.  Davidis)  from 
the  black  slates  of  Porth-y-rhaw  and  Solva  Harbour,  thus  showing 
the  occurrence  side  by  side  in  the  same  beds  of  the  largest 
Trilobite  known  with  Agnostus  the  smallest.  Both  these  genera 
are  remarkable ;  and  their  extremes  widely  depart  from  the  general 

type. 
A  valuable  paper  was  communicated  to  our  Society  in  1867, 

vol.  xxiii.,  by  Prof.  Harkness  and  Dr.  Hicks,  "  On  the  Ancient  Eocks 
of  St.  David's  Promontory,  South  Wales,  and  their  Fossil  Contents." 
The  authors  dealt  fully  with  both  the  geology  and  the  palaeontology 
of  that  remarkable  promontory.  The  chief  portion  of  the  labour  and 

Cystidea  .  . 
Annelida  . . 
Crustacea  .  . 
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research,  however,  was  due  to  Dr.  Hicks,  whose  intimate  acquaint- 
ance with  the  area  and  knowledge  of  the  fauna  of  the  Cambrian 

and  Silurian  rocks  enabled  him  to  add  largely  to  the  palaeontology 
of  the  district.    The  authors  described  the  great  series  of  red,  purple, 
green,  and  grey  rocks  below  the  fossiliferous  grey  Menevian  beds. 
The  history  of  these  variously  coloured  sandstones,  as  revealed  by 
the  researches  already  made  in  them,  has  an  important  bearing 
upon  our  knowledge  of  the  distribution  of  life  through  the  Cambrian 
and  Silurian  series  of  North  Wales,  with  which  they  must  be 

correlated,  the  St.-David's  series  yielding  a  fauna  not  yet  known 
in  Monmouthshire,  Caernarvonshire,  or  Montgomeryshire,  or  beneath 
the  Menevian  and  Lingula-flags  of  North  Wales,  which  contain 
organic  remains  older  than,  and  different  in  species  from  any  hitherto 
discovered  in  Britain.    The  underlying  Cambrians  repose  upon  a 
conglomerate,  composed  of  quartz  and  other  pebbles  cemented  in  a 
purple  or  red  arenaceous  matrix,  which  occurs  on  both  sides  of  the 
so-called  Pre-Cambrian  ridge  or  axis.    That  this  quartziferous, 
metamorphosed,  crystalline,  and  unconformable  mass  underlies  and 
is  older  than  the  whole  series  of  the  Lower  Cambrian  rocks  of  that 
area  is  certain ;  and,  as  such,  it  is  the  key  to  the  physical  structure 

of  the  ancient  headland  of  St.  David's.    Subsequent  research  by 
Hicks  has  determined  that  this  extensive  and  exposed  Pre-Cambrian 
area  is  composed  of  three  distinct  groups  of  metamorphosed  sedi- 

mentary rocks  of  different  ages,  and  having  different  or  discordant 
bearings  or  strikes*.    Higher  still,  and  also  unconformably,  succeed 
the  rocks  of  the  Harlech  or  Longmynd  group,  which  lie  both  to  the 
east  and  west.    Until  the  Longmynd,  Harlech,  and  Menevian  fauna 
was  discovered  and  worked  out  at  St.  David's,  and  the  last  named 
subsequently  developed  in  North  Wales,  the  lowest  sedimentary 
rocks  of  Britain  then  known  were  believed  to  be  almost  devoid  of 

life  or  "barren  in  fossils."    Now,  however,  a  remarkable  fauna  has 
rewarded  the  researches  of  many  distinguished  labourers,  and  the 
two  areas  have  been  carefully  compared  and  correlated.  Consider- 

able differences  exist,  of  which  the  causes  are  as  yet  unknown ; 
much  has  yet  to  be  done  in  the  palaeontology  of  both  these  classical 
districts.    The  non-discovery  or  absence  of  the  genus  Olenus  in  the 
Menevian  and  Lingula-flags  or  primordial  rocks  of  St.  David  s  is 
singular,  and  at  present  inexplicable.    The  genus  is  abundantly 
represented  in  both  the  Lower  and  Upper  Lingula-flags  of  North 
Wales,  where  no  less  than  12  species  are  known,  4  in  the  lower 
division  and  8  in  the  upper;  and  4  distinct  forms  (viz.  0.  bisulcatus, 
0.  scarabceoides,  0.  humilis,  and  0.  pauper)  occur  in  the  Upper  Lin- 

gula-flags of  Malvern,  overlying  the  Hollybush  sandstones.  The 
species  0.  scarabceoides  (0.  spinulosis,  Phill.)  is  found  also  in  the 
Upper  Lingula-flags  of  Carreg-Wen,  west  of  Portmadoc. 

Comparison  of  the  earliest  known  faunas  in  Europe  and  America 

with  that  of  St.  David's  shows  conclusively  that  they  are  identical  as 
to  age  or  time  of  deposition  and  in  genera  also.    This  Angelin  has 

*  See  p.  56  et  seq, 
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demonstrated  through  his  researches  into  the  alum  shale  of  Sweden  ; 
and  the  primordial  fauna  of  Barrande  has  yielded  Paradoxides,  Cono- 
coryphe,  Agnostus,  and  Ellipsocephcdus,  the  first  three  of  which  are 
characteristic  British  genera. 

Sweden  has  afforded  P.  Hichsii  and  other  forms  like  our  own. 
The  Spanish  primordial  rocks  yield  genera  identical  with  those  of 

our  Menevian  and  Lingula-flags — Paradoxides,  Conocoryphe,  Ario- 
nellus,  and  Agnostus.  America,  has  its  Acadian  group,  with  Para- 
doxides  &c.  The  Protozoic  schists  of  Bohemia  (Eegion  C,  Barrande), 
also  contain  Paradoxides  (P.  boliemicus),  Sao,  Conocoryphe,  and 
Agnostus.  The  same  conditions  prevail  in  Canada  and  New  Bruns- 

wick. It  would  thus  appear  that  all  the  regions  in  Europe  and 

America  north  of  30°  of  latitude  to  the  polar  regions  contain  these 
primordial  rocks  and  fossils. 

I  regard  the  Menevian  of  St.  David's  as  being  the  most  typical, 
as  regards  both  physical  development  and  the  abundance  of  organic 
remains  (individually  and  specifically).  The  intricacy  of  the  geo- 

logical structure  of  North  Wales  renders  both  the  mapping  and  the 
collecting  of  fossils  in  the  Menevians  there  far  more  difficult  than 

in  the  St.-David's  promontory,  the  strike  of  the  beds  being  more 
disturbed  in  continuity  ;  but  I  doubt  not  that  an  extensive  fauna 
is  yet  to  be  obtained  from  the  Menevian  of  North  Wales,  where  the 
typical  Lower  Lingula-flags  mantle  round  the  still  older  Cambrian 
masses. 

The  palseontological  value  of  any  group  of  rocks  can  only  be 
arrived  at  through  such  analysis  as  I  have  here  attempted  to  give  ; 
it  is  the  census  at  a  given  time  or  age,  and  from  such  may  be  cast  or 
determined  (approximately)  the  true  and  absolute  value  of  the  zoolo- 

gical groups  and  their  distribution  through  their  respective  formations. 
Plants. — No  traces  whatever  of  plant-remains  have  occurred  in 

the  Menevian. 

Peotozoa. — The  St.-David's  beds  of  this  age  contain  all  the  known 
4  species  of  Protospongia,  viz.  P.  diffusa,  P.  fenestrata,  P.  major, 
and  P.  flabellata,  the  first  three  of  which,  as  we  have  seen,  are  also 

Longmynd  and  Harlech  forms.  At  St.  David's  P.  fenestrata  passes 
to  the  Lower  Lingula-flags  proper.  None  have  occurred  either  in  the 
Menevian  or  Lingula-flags  of  North  Wales. 

Hydrozoa. — No  traces. 
Actinozoa. — Totally  unrepresented. 
Echinodermata. — Cystidean  remains  were  detected  by  Mr.  Salter 

in  1866  at  St.  David's;  to  these  he  gave  the  generic  name  Proto- 
cystites.  Dr.  Hicks  subsequently  named  these  fragments  P.  mene- 
vensis,  after  the  horizon  in  which  they  occur.  These  obscure  fossils 
consist  of  arm-ossicles  and  body-plates  ;  it  is  the  first  Cystidean  re- 

corded. Dr.  Hicks  has  also  determined  the  presence  of  Dendro- 
crinus  cambrensis  in  the  Tremadoc  rocks  of  St.  David's,  the  oldest 
Crinoid  known  in  the  British  rocks. 

Annelida. — Arenicolites  didymus,  Salt.,  A.  sparsus,  Salt.,  and  Ser- 
pulites  fistula,  Hall,  appear  to  be  all  that  are  known  of  the  Anarthro- 
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poda  in  the  Menevian  beds.  The  first  two  are  confined  to  this 
horizon  ;  S.  fistula  passes  to  the  Upper  Lingula-flags. 

Crustacea. — The  largest  crustacean  fauna  of  the  six  divisions  of 
the  lowest  Cambrian  rocks  occnrs  here.  12  genera  and  32  species 
characterize  the  Menevian  beds  both  of  North  and  South  Wales. 
Agnostus  is  represented  by  7  species,  Anopolenus  by  3,  Conocoryphe 
by  7,  Paradoocides  by  3,  Holocephalina  by  2,  and  Leperditia  by  4 
species.  These  6  genera  are  the  chief  and  most  largely  represented. 
Arionellus,  Erinnys,  Microdiscus,  and  Carausia,  each  with  one  species, 
are  confined  to  the  Menevian  beds,  and  generically  characterize  them. 

The  black  slaty  flags  of  St.  David's  yield  the  gigantic  Paradoocides  P. 
aurora,  Salt.,  P.  Davidis,  Salt.,  and  P.  Hicksii,  Salt.;  this  last-named 
species  has  been  recorded  from  the  Lingula-flags  of  North  Wales  under 
the  name  P.  Forclihammeri.  14  of  the  32  species  pass  to  the  Lower 
Lingula-flags,  bnt  none  higher ;  and  the  Menevian  beds  are  con- 

nected below  with  the  Harlech  beds  and  the  Longmynd  group 
through  4  species  only,  viz.  Agnostus  cambrensis,  Hicks,  Conoco- 
ryplie  bufo,  Hicks,  Paradoocides  aurora,  Salt.,  and  P.  Hicksii,  Salt. 
No  Oleni  occur  in  the  Menevian  rocks,  although  13  species  belong 
to  the  Lingula-flags  proper.  Olenus  is  essentially  an  Upper  Lingula- 
flag  genus,  9  species  occurring  in  that  series  ;  and  none  pass  out  of 
the  Lower  Cambrian  rocks  or  above  the  Tremadoc  group,  where 
4  species  occur  (0.  alatus,  0.  impar,  0.  triarthrus,  and  0.  Salteri). 

Bryozoa. — No  remains  of  this  class  occur  in  the  Menevian  ;  they 
first  appear  in  the  Upper  Lingula-flags  under  the  form  oiDictyonemal 

Brachiopoda. — Only  4  genera  and  6  species  range  through  the 
Menevian  beds,  Or  this  HicJcsii,  Salt.,  being  the  only  peculiar  form. 
Lingula  ferruginea,  Salt.,  and  var.  ovalis,  Hicks,  Obolella  maculata, 
Hicks,  Discina  pileolus,  Hicks,  and  Orthis  sagittalis,  M'Coy,  are  asso- 

ciated either  with  the  Harlech  beds  below  or  the  Lower  Lingula  beds 

above.  Every  species  occurs  in  the  St.-David's  Menevian  beds.  It is  not  until  we  rise  into  the  Llandeilo  and  Caradoc  rocks  that  the 
class  becomes  numerically  so  distinguished  and  important  a  factor 
in  the  Cambrian  or  Silurian  rocks. 

Laiiellibranchiata. — No  form  known  in  the  Menevian  beds. 
Gasteropoda. — No  vestige  known  in  the  British  rocks  of  this  age. 
Pteropoda. — Cyrtotheca  hamula,  Hicks,  Stenotheca  cornucopia, 

Salt.,  Theca  corrugata,  Salt.,  T.penultima,  Salt.,  T.  menevensis,$alt., 
and  T.  stiletto,  Salt.,  or  3  genera  and  6  species,  are  known.  4  of 
the  6  species  are  Menevian  only,  viz.  0.  hamula,  S.  cornucopia, 
T.  menevensis,  and  T.  stiletto.  T.  corrugata  is  the  only  form  that 
passes  to  the  Lower  Lingula-flags  above. 

Heteropoda. — None  known  in  the  Menevian  of  either  South  or 
North  Wales. 

Cephalopoda. — No  species  has  yet  occurred  in  the  British  rocks 
of  this  horizon,  the  only  two  species  in  the  Lower  Cambrian  being 
those  before  mentioned,  Gyrtoceras  proecox  and  Orthoceras  sericeum, 
both  of  which  are  Tremadoc. 

Thus  we  see  that,  out  of  the  52  species  that  constitute  the  fauna 
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of  the  Menevian  rocks,  32  are  Crustacea — the  only  other  classes 
fairly  represented  being  the  Brachiopoda,  6  species,  and  the  Ptero- 
poda,  6  species.  A  marked  feature  is  the  appearance  of  Cystidea 
(Protocystites)  and  Crinoidea  (Dendrocrinus).  Eight  whole  classes  are 
entirely  unrepresented  :  the  Plantas,  Hydrozoa,  Actinozoa,  Bryozoa, 
Lamellibranchiata,  Gasteropoda,  Heteropoda,  and  Cephalopoda  are  all 
absent.  The  genera  that  first  made  their  appearance  in  the  British 
Menevian  sea  were  Protocystites,  Dendrocrinus,  JSerpulites,  7  Crus- 

tacea (Holocephcdina,  Entomis,  Anojoolenus,  Arionellus,  Leperditia, 
Erynnis,  and  Carausia),  Orthis  among  the  Brachiopoda,  and  2  Pte- 
ropoda  (Cyrtotheca  and  Stenotheca).  The  other  genera  appeared  for 

the  first  time  in  the  lowest  Cambrian  of  the  St.-David's  promontory. 

Table  II. — Menevian. 

From  
the 

Longmynd 

rocks. 

Classes. Genera. 
Species. 

Pass  to 
Lower 

Lingula. 

Plantse. 
3 1 4 i 

Hydrozoa. Actinozoa. 
1 1 
3 3 

3 4 Crustacea   
12 

32 

184 

Bryozoa. 3 4 4 6 3 3 
Lamellibranchiata. 
Gasteropoda. 

3 6 1 
Heteropoda. 
Cephalopoda. 

3 
24 

52 1  3 1  9 

LlNGULA-ELAGS. 

The  fossiliferous  strata  lying  both  above  and  below  the  Lingula- 
group  have  of  late  years  been  well  described  and  their  fossil  contents 
marked  out,  the  fauna  of  each  group  carefully  investigated,  com- 

pared, and  catalogued.  The  Harlech  and  Llanberris  and  also  the 

Menevian  beds  of  South  "Wales  have  been  exhaustively  illustrated by  Hicks  and  Salter.  Upon  the  Tremadoc  group,  in  North  Wales, 
the  labours  of  Mr.  Homfray,  Mr.  Ash,  and  the  late  Mr.  Salter  leave 
little  to  be  done  ;  subsequently  Dr.  Hicks  investigated  the  Tre- 

madoc and  Arenig  groups  in  the  St.-David's  promontory,  with  what 
success  I  hope  to  show.  It  must  not  be  forgotten  that  since  the 
Geological  Survey  (thirty  years  ago)  mapped  much  of  North  and 
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South  Wales,  a  great  amount  of  new  work  has  been  done  by  eminent 
geologists  and  palaeontologists.  Much  of  the  work  done  by  the 
Survey  has  had  to  be  readjusted  and  reconstructed  ;  the  maps  then 
prepared  with  so  much  skill  by  Ramsay,  Selwyn,  Jukes,  Aveline, 
and  others,  and  which  contributed  so  much  to  our  knowledge,  and  to 
the  elucidation  of  the  structure  of  these  intricate  regions,  are  now 
in  some  areas  behind  the  requirements  of  the  age,  through  the  pro- 

gress of  modern  research  and  nomenclature.  The  horizons  of  many 
of  the  lowest  fossiliferous  groups  of  rocks  as  now  recognized  are 
not  expressed  or  delineated  on  the  Survey  maps  ;  the  now  well- 
determined  Menevian,  Tremadoc,  and  Arenig  rocks  of  North  and 
South  Wales — in  other  words,  all  the  fossiliferous  deposits  below 
the  Llandeilo  flags,  or  between  that  formation  and  the  base  of  the 
Tremadoc,  are  not  yet  delineated  on  the  maps  of  the  Survey.  It 
may  be  said  by  some  that  the  groups  of  the  Harlech,  Menevian,  and 
Lingula-flags  may  be  subdivided  and  placed  upon  the  Survey  maps  ; 
but  the  aspect  of  these  beds  and  the  way  they  occur  in  the  field  will 
ever  prevent  this  on  a  1-inch  scale.  Transcendentalism  in  mapping 
has  been,  and  still  is,  carried  to  a  greater  extent  and  perfection  by 
the  officers  of  the  British  Survey  than  by  any  other  government  survey 
in  the  world ;  and  although  neither  the  Tremadoc  nor  Arenig  rocks 
are  recognized  on  the  maps  of  the  Survey,  I  believe  it  will  be  found 
that  these  formations  have  received  the  fullest  recognition  and  atten- 

tion in  the  forthcoming  new  edition  of  Prof.  Ramsay's  '  Geology  of 
North  Wales.' 

The  Lingula-flags  of  the  Survey  and  authors  generally  are  equiva- 
lent to  the  Middle  Cambrian  of  Sedgwick,  and  the  Upper  Cambrian 

of  Lyell  and  Salter ;  the  divisions  into  Lower,  Middle,  and  Upper 
have  long  troubled  systematists  in  Britain ;  and  the  extensive 
and  almost  hypercritical  subdivisions  adopted  have  led  to  much 
misunderstanding.  The  obscurity  of  these  beds  in  the  field,  the 
smallness  of  the  fauna,  and  the  difference  in  physical  condition  in 
areas  widely  separated  often  render  it  a  matter  of  opinion  where  the 
lines  of  demarcation  should  be  drawn,  or  what  should  be  embraced 
by  the  terms  Lower,  Middle,  and  Upper  Lingula-flags.  The  so-called 
Middle  group  has  no  value  whatever,  its  fauna  consisting  of  five 
species  only.  Three  of  these  are  Brachiopoda — Kutorgina  cingulata, 
Lingulella  Davisii,  and  Lingula  squamosa.  There  is  one  Trilobite 
{Conocoryphel  bucejpJiala,  Belt),  and  also  BelleropTion  cambrensis,  Belt. 
These  last  two  forms  occur  in  the  upper  part  of  the  Dolgelly  beds 
of  that  area,  and  are  said  to  have  been  associated  with  Hymenocaris 
vermicauda,  elsewhere  known  only  in  the  Lower  Lingula-flags. 

We  must  also  remember  that  the  "  Lower  Lingula-flags  "  of  Sedg- 
wick are  the  "  Menevian  group  "  of  Salter  and  Hicks,  and  that  the 

"  Ffestiniog  group  "  of  Sedgwick  constitutes  the  Middle  and  Upper 
Lingula-flags  of  Salter.  Thus  the  greatest  care  is  required  when 
analyzing  or  correlating  these  groups,  either  through  their  literature 
or  by  research  in  the  field.  In  the  year  1867  the  late  Mr.  Belt*  eon- 

*  Geol.  Mag.  vol.  iv. 
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tributed  much  to  our  knowledge  of  the  fauna  and  geology  of  the 
Lingula-flag  series.  He  was  then  engaged  in  investigating  the 
Dolgelly  and  other  districts,  especially  with  reference  to  the  divi- 

sions of  the  Lingula-flags  called  the  Maentwrog,  Ffestiniog,  Dolgelly, 
and  Tremadoc  groups,  lying  between  the  Menevian  and  Tremadoc 
beds,  and  occupying  extensive  areas  near  Dolgelly  and  in  the 
Mawddach  valley,  also  at  Maentwrog  near  Ffestiniog  &c. 

In  1847  Prof.  Sedgwick,  on  palaeontological  evidence,  removed 

the  previously  named  Tremadoc  series  from  the  "Lingula-nags," 
and  designated  the  latter  the  Ffestiniog  group.  Salter  divided  the 

Lingula-nags,  in  1866,  into  Lower,  Middle,  and  LTpper.  Again, 
Salter  and  Hicks,  in  the  same  year  *,  included  the  Lingula-nags  of 
South  Wales  only  in  the  Ffestiniog  group,  describing  them  as  being 

characterized  by  "  hard  siliceous  sandstone  with  grey  flaky  slate  "  con- 
taining f6  Lingulella  Davisii."  In  character  the  North- Wales  group 

of  rocks  differs  altogether  from  those  of  South  Wales,  the  arenaceous 
flags  and  shales  with  L.  Davisii  forming  only  a  subordinate  part  of 
a  series  of  fine-grained  dark  blue  and  black  slates  containing  many 
genera  of  Trilobites.  Mr.  Belt  restricted  the  Ffestiniog  beds  to  the 
flags  containing  Lingulella  Davisii  and  the  Phyllopod  Crustacean 
Hymenocaris  vermicauda,  as  originally  applied  by  Sedgwick,  and 
proposed  to  name  the  slates  and  flag3  below  them  the  Maentwrog 
group,  characterized  by  peculiar  Oleni.  These  Maentwrog  beds  are 
exhibited  to  great  perfection  at  Maentwrog,  S.W.  of  Ffestiniog. 

The  blue  and  black  slates  occurring  above  the  Ffestiniog  series 
Belt  named  the  Dolgelly  group,  with  reference  to  the  circumstance 
that  it  is  only  in  this  area  that  both  members  have  been  found. 
This  upper  member  of  the  Lingula-nags  is  characterized  by  peculiar 
forms  of  Oleni,  comprising  the  subgenera  Splicer  ophtlialmus,  Para- 
bolina,  &c.  These  three  groups — the  Maentwrog,  Ffestiniog,  and 
Dolgelly — are  palseontologically  and  lithologically  distinct ;  none  of 
the  Trilobita  passes  from  one  group  to  another,  peculiar  genera  occur- 

ring in  each.  Each  group  also  has  well-defined  lithological  charac- 
ters. The  Maentwrog  is  readily  distinguished  by  its  dark-blue 

jointed  ferruginous  slates  ;  the  Ffestiniog  by  hard  micaceous  flags 
with  abundant  Lingulella  Davisii,  Hymenocaris,  and  Conocoryphe ; 
and  the  uppermost  or  Dolgelly,  by  species  of  Agnostus,  Olenus  and 
its  subgenera,  which  are  abundant  in  the  soft  black  slate,  which 
shows  a  black  streak  when  scratched.  Mr.  Belt  divided  the  Maent- 

wrog slates  into  a  lower  and  upper  series :  the  lower  are  ripple- 
marked,  and  have  many  Annelide-tracks.  They  are  conformable  to 
the  blue-black  Menevian  slates  which  mantle  round  the  Merioneth- 

shire anticlinal.  This  lower  group  is  about  700  feet  thick.  Olenus 
gibbosus,  Wahl.,  and  Agnostus  pisiformis,  Linn.  (A.  princeps,  Salt.), 
var.  obesus,  Belt,  occur  in  the  slates.  The  range  between  the  Eden 
and  the  Mawddach,  and  near  Dolmelynllyn,  in  the  Mawddach,  are 
the  chief  localities  for  fossils.  The  upper  Maentwrog  series  is 
nearly  2000  feet  thick.  Agnostus  princeps  is  abundant  in  the  flaky 

*  Brit.  Assoc.  Reports,  1866. 
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beds  near  the  summit  above  Dolgoed  ;  in  thin  slaty  shales  it  occurs 
in  thousands,  associated  with  Olenus  truncatvs,  Ang. ;  the  higher 
beds  contain  0.  cataractes,  Salt.,  which  replaces  A.  princeps.  This 
group  is  completely  developed  in  the  Maentwrog  district,  fine  sec- 

tions occurring  in  the  Waterfall  valley  and  in  the  valley  running 
from  Taffarn-helig  to  Caen-y-coed.    Olenus  cataractes  abounds  here. 

Lower  Ffestiniog  Beds. 

Thick  micaceous  grey  flags,  2000  feet  thick,  conformably  overlie 
the  upper  Maentwrog  beds ;  the  lowest  series  are  bluish-grey  slates, 
and  contain  Lingulella  Davisii,  M'Coy,  with  Annelide-tracks  ;  and 
the  highest  part  of  the  Lower  Ffestiniog  slates  yields  Hymenocaris 
vermicauda,  only  known  in  this  division  of  the  Lingula-flags. 

Upper  Feestiniog. 

This  group  succeeds  the  Lower  series,  and  is  not  more  than  50  feet 
thick,  but  distinct  in  fossil  contents.  The  characteristic  forms  here 
are  Olenus  micrurus  and  Better ophon  cambrensis.  This  thinly  deve- 

loped division  occurs  at  Gwern-y-barend,  in  the  Mawddach  near 
Craig-y-dinas  and  on  Mynydd-Gader. 

The  river  Mawddach  cuts  through  the  whole  of  these  beds 
between  Ehiufelyn  and  Hafod-fraith,  thence  ranging  across  the  east 
end  of  Moel  Hafodowen  and  by  Pen-y-bryn. 

Dolgelly  Group. 

This  uppermost  division  of  the  Lingula-flags  is  physically  divided 
into  two  series,  lower  and  upper,  the  former  composed  of  hard 
blue  slates  abundantly  filled  with  Olenus  (Parabolina)  spinulosis. 
The  thickness  of  this  series  is  about  300  feet. 

The  upper  division  differs  essentially  from  the  lower.  It  consists 
of  soft  black  slates,  with  black  streak,  intensely  cleaved  and  often 
pisolitic  (fine  grains  of  pisolitic  iron-ore).  The  constant  character 
of  the  black  streak  distinctively  marks  this  group,  and  in  the  most 
disturbed  areas  may  be  relied  on  as  a  never-failing  criterion  of  the 
upper  series.  To  Mr.  Belt  is  due  the  determination  of  this  character 
over  a  large  area — a  fact  of  inestimable  value  in  the  identification 
of  strata  so  disturbed  and  intricately  faulted  as  those  round  Dolgelly, 
Bhobell-fawr,  and  on  Mynydd-Gader.  The  black  shales  of  Malvern, 
overlying  the  Hollybush  Sandstones,  and  containing  Olenus  bisulcatus, 
Phill.,  O.  scarabceoides,  Wahl.,  O.  pauper,  O.  humilis,  Conocoryphe 

mcdvernensis,  Agnostus  princeps,  A.  M'-Coyi,  &c,  belong  here;  they 
underlie  the  Dictyonema-sh&les,  and  are  exposed  in  the  valley  of  the 
White-leaved  Oak.  The  upper  Dolgelly  beds  are  by  far  the  most 
fossiliferous  ;  and  nearly  every  species  in  any  of  the  areas  is  confined 
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to  this  division.  The  Trilobites  in  the  Dolgelly  area  are  Conocoryphe 
abdita,  Salt.,  C.  Williamsonii,  Belt,  0.  longispina,  Belt,  Olenus 
scarabceoides,  Sphcerophthalmus  {Olenus)  cdatus,  S.  (Olenus)  humilis, 
Phill.,  Agnostus  princeps,  Salt.,  A.  trisectus,  Salt.,  and  A.  obtusus, 
Belt ;  and,  as  before  stated,  the  Malvern  species  are  equally  restricted. 
No  one  of  these  occurs  below  in  the  Middle  and  Lower  Lingula-flags. 
Orthis  lenticularis,  Dalm.,  and  Obolella  follow  the  same  rule  all 
through  the  Maentwrog,  Ffestiniog,  and  Dolgelly  deposits ;  the  Tri- 
lobita  that  successively  appear  are  closely  allied,  or  belong  to  the 
Agnostidse  and  Olenidse ;  no  new  types  of  structure  come  in,  the 
fauna  being  distinctive  and  similar  and  homogeneous  as  a  whole. 
Dikelocephalus,  Conocoryphe,  Olenus,  and  Paradoxides  constitute  the 
natural  group  or  family  Olenidae  ;  and  the  single  genus  Agnostus  is 
rich  in  species.  The  succeeding  Tremadoc  and  Arenig  rocks  evidence 
great  and  sudden  change,  faunal  and  otherwise,  the  large  Asaphidae, 
Cheiruridae,  Trinucleidae,  and  Calymenidee  then  first  appearing; 
sixteen  genera  at  once  occur  in  the  Arenig,  and  two  in  the  Tremadoc 
(Niobe  and  Psilocephalus)  ;  and  we  have  no  proof  of  any  unconformity 
in  either  the  North  or  the  South  Wales  areas :  these  large  forms 

come  in  at  once  and  in  vast  numbers  ;  and  the  old  forms  die  out.' 
Nor  have  we  as  yet  any  evidence  of  these  new  and  distinct  types 
having  had  prior  existence  in  some  other  area,  and  migrated  into 
the  Tremadoc  or  Arenig  seas ;  we  know  not  at  present  where  to  look 
for  evidence  of  this.  Ireland  possesses  no  rocks  or  fossils  of  this  age 
or  earlier,  Scandinavia  none,  Western  Europe  none.  America  then 
possessed  gigantic  Asaphi  ;  but  in  which  direction  dispersion  or  dis- 

tribution may  have  taken  place  we  have  no  trace ;  although  the 
evidence  tends  to  show  that  it  must  have  been  {towards  the  east, 
or  Europe,  the  main  strike  of  the  oldest  American  rocks  being  N.E. 
and  S.W. ;  while  the  older  groups  are  greatly  developed  on  the 
eastern  side  of  the  North- American  continent,  and  there  is  con- 

siderable affinity  between  the  faunas  of  the  two  areas,  the  facies 
strongly  resembling  each  other.  No  migration  of  an  earlier  fauna 
from  one  area  would  fully  account  for  the  disappearance  of  the 
earlier  gigantic  Trilobites  (such  as  Paradoxides,  Plutonia)  and  other 
equally  characteristic  genera  (such  as  Erinnys,  Holocephalina,  &c), 
all  of  which  characterize  the  lowest  rocks  of  Britain,  ranging 
from  the  Harlech  to  the  top  of  the  Lingula-flags,  call  them  what 
we  will. 

Salter,  as  far  back  as  1853,  most  carefully  described  the  two  groups 
(Lower  and  Upper)  of  the  Lingula-flags  in  North  Wales ;  he  ex- 

amined them  in  their  most  typical  localities,  selecting  Maentwrog, 
Tremadoc,  Efestiniog,  Dolgelly,  Carnedd  Efiliast,  Bangor,  &c. 
as  those  places  where  the  Lower  division  could  be  best  studied. 
This  he  divided  into  two  sections,  the  lowest  consisting  of  black 
pyritous  slates,  with  numerous  beds  of  intercalated  sandstones  near 
the  base.  These  probably  in  part  were  Menevian  ;  but  the  prevail- 

ing fossils  are  Agnostus  princeps,  Olenus  cataractes,  and  Lingulella 

Davisii.    (Salter's  species  A.  princeps  is  the  A.  pisiformis,  Linn., 
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of  the  Alum  slates  of  Sweden  and  Norway,  which  holds  the  same 
position  there  as  in  our  own  area.) 

The  second  division  or  upper  part  of  the  Lower  Lingula-flags  of 
Salter  (the  typical  Lingula-flags)  are  finely  developed  in  North  Wales, 
near  Tremadoc  andEfestiniog,  atMaentwrog,  Borth,  Marchllyn-Mawr, 
Llanberris,  Carnedd  Efiliast,  Dolgelly,  and  Trawsfynydd.  Cruziana 
semiplicata,  Hymenocaris  vermicauda,  Olenus  micrurus,  Lingulella 
Davisii,  and  Microcliscus  are  the  leading  types  of  this  upper  part  of 
the  lower  series.  Physically  these  are  hard,  grey,  thick,  sandy 
beds  and  flags. 

The  Upper  Lingula-flags  of  Salter  differ  essentially  from  the  Lower 
Division,  consisting  of  dense  black  pyritous  slates,  or  black  slates  with 
pyritous  bands  near  the  base,  with  a  large  fauna  differing  almost  en- 

tirely from  that  of  the  Lower  Lingula-flags ;  for  out  of  35  species  oc- 
curring in  the  lower  group,  only  5  pass  from  the  lower  to  the  upper — 

namely  Agnostus  princeps,  Microcliscus  punctatus,  Lingulella  Davisii, 
L.  lepis,  and  Obolclla  sagittalis,  and  this  in  the  same  district.  At 
Tremadoc,  Maentwrog,  and  west  of  Ffestiniog  the  beds  are  rich  in 
fossils — Olenus  alatus,  0.  scaraboeoides,  Agnostus  princeps,  Conoco- 
ryphe  clepressa,  C.  invita,  Orthis  lenticularis,  and  Dictyonema  thickly 
crowding  the  beds. 

It  is  well  known  that  in  1851  Barrande  visited  England  pur- 
posely to  compare  his  fine  series  of  fossils  with  our  types,  when  he 

at  once  recognized  the  "  Lingula-flags  "  of  Sedgwick  as  the  precise 
equivalent  of  his  primordial  stratum  (Etage  C).  Barrande  also 
carried  out  his  comparison  and  correlation  not  only  with  the  fauna 
of  our  country,  but  also  between  those  of  the  European  and  American 
continents,  with  what  success  the  literature  and  progress  of  geological 
science  has  shown. 

The  comparison  of  the  Arenigs  of  Shropshire  (Stiper  stones)  and 
Westmoreland  (Skiddaw)  will  form  an  important  feature  for  our 
consideration. 

The  close  analyses  of  the  Lower  and  Upper  Lingula-flags  must  be 
taken  separately.  The  faunas  of  the  two  differ  remarkably;  and  only 
8  species  connect  them — namely  5  species  of  Trilobita  (Asaphus 
princeps,  A.  trisectus,  A.  Salteri,  Microcliscus  punctatus,  and  Para- 
doxides  Hicksii)  and  3  of  Brachiopoda  {Lingulella  Davisii,  L.  lepis  ; 
and  Orthis  sagittalis).  The  Middle  Lingula-flags  of  some  authors  con- 

tain also  only  5  species  : — 1  Trilobite,  Oonocoryphe  bucephala,  Belt ; 
3  Brachiopoda,  Kutorgina  cingulata,  Belt,  Lingula  squamosa,  Holl, 
and  Lingidella  Davisii  ;  with  Bellerophon  cambrensis,  Belt.  Two 
of  the  five  species  appear  to  be  confined  to  this  horizon,  viz.  Lingula 
squamosa  and  Bellerophon  cambrensis.  This  fauna  is  too  small  to 
be  of  any  value  for  our  present  purpose. 

Plants. — No  trace  of  any  kind. 
Protozoa. — The  sponge  Protospongiafenestrata,  Salt.,  passes  up  from 

the  Menevian  and  Harlech  beds  at  St.  David's  to  the  Lower  Lingula- 
flags.  This  species  has  the  longest  range  of  the  four  known  forms ; 
but  none  of  the  four  ranges  higher. 
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Hydrozoa. — No  appearance ;  none  occur  before  the  Arenig  rocks 
were  deposited. 

Actinozoa. — ISTo  traces  of  Ccelenterata  in  any  form. 
Echinodermata. — None  occur  in  the  Lingula-flags.  The  cystidean 

Protocystites  menevensis  is  Menevian  only ;  and  the  first  Crinoid 
appears  in  the  Lower  Tremadoc  of  Ramsey  Island. 

Annelida. — Three  genera  and  three  species.  The  characteristic 
Gruziana  semiplicata,  Salt.,  hitherto  has  only  been  found  in  the  Cam- 

brian grits  of  the  Bangor  area,  near  Cwm  Grainog  and  Carnedd- 
ffiliast,  in  North  Wales  (Lower  Lingula-flags  of  the  Survey). 

Specimens  of  this  Gruziana  or  an  allied  species  have  occurred 
below  the  Stiper  stones  in  the  Shelve  country,  W.  of  the  Longmynds. 

Scolicoderma  tubercidata,  from  Pentre-felen  quarry,  near  Wem 
Gate,  Caernarvonshire,  and  Helmintliit.es  from  the  Maentwrog  sand- 

stones.   None  of  these  forms  occurs  out  of  the  Lower  Lingula-flags. 
Crustacea. — This  class  is  nearly  equal  in  zoological  value  to  what 

it  is  in  the  Menevian.  9  genera  and  25  species  have  been  described : 
14  of  the  same  species  appeared  before  in  the  Menevian,  and  therefore 
occur  in  both  formations  ;  6  species  {Agnostus  princeps,  A.  trisectus, 
Anopolenus  Salteri,  Microdiscus  punctatus,  Paradoxides  aurora,  and 
P.  Hicksii)  pass  to  the  Upper  Lingula-flags.  Like  the  Menevian 
beds  it  is  the  home  of  Agnostus,  6  species  of  that  genus  occurring ; 
but  only  2  are  peculiar  or  confined  to  the  Lower  Lingula-flags, 
viz.  Agnostus  limbatus  and  A.  nodosus ;  besides  these  Olenus  cata- 
ractes,  Salt.,  0.  micrurus,  0.  gibbosus,  and  0.  truncatus  ?  are  also 
Trilobites  confined  to  this  horizon ;  the  Phyllopod  Hymenocaris 
vermicauda  essentially  characterizes  the  Lower  Lingula-flags ;  so 
that,  large  as  the  Crustacean  fauna  appears  (25  species),  there  are 
only  8  that  are  really  Lower-Lingula  species  ;  the  remaining  17 
ally  the  Lower  Lingula  either  with  the  two  formations  below  or 
with  the  Upper  Lingula  and  Tremadoc  above.  The  7  typical  spe- 

cies are  given  above.  The  genus  Gonocoryphe,  which  is  very  largely 
represented  in  the  Lower  Cambrian  rocks  (by  no  less  than  21  spe- 

cies), has  no  distinctive  or  peculiar  form  in  the  Lower  Lingula-flags ; 
4  occur,  but  none  are  restricted.  They  are  Gonocoryphe  applanata, 
G.  bucephala,  G.  humerosa,  and  G.  variolaris.  9  species  of  the 
genus  Gonocoryphe  occur  in  the  Upper  Lingula-flags  ;  and,  as  we 
shall  see,  this  division  possesses  also  more  peculiar  forms  and  a 
larger  specific  Crustacean  fauna  than  the  Lower  Lingula-flags,  but 
fewer  genera.  The  species  of  Gonocoryphe  and  other  genera  are  as 
follows — Agnostus  obtusus,  A.  princeps,  A.  trisectus,  A.  Turneri, 
A.  venulosus,  Ampyx  pramuntius,  Anopolenus  Salteri,  Gonocoryphe 
abdita,  G.  bufo,  G.  depressa,  G.  invita,  G.  malvernensis,  G.  longispina, 
G.  Plantii,  G.  simplex,  G.  Williamsoni,  Microdiscus  punctatus,  Olenus 
bisulcatus,  0.  jlagellifer,  0.  {Splmrophthalmus)  humilis,  0.  obesus, 
0.  pauper,  0.  pecten,  0.  (Peltura)  scarabceoides,  0.  serratus,  0.  spi- 

nulosis, Paradoxides  aurora,  and  P.  Hicksii,  also  Primitia  sol- 
vensis. 

Bryozoa. — None  have  yet  appeared. 
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Brachtopoda. — Lingulella,  Obolella,  and  Orthis  are  the  only  3 
genera  in  the  Lower  Lingula-flags.  The  5  species  are  Lingulella 
Da  visit  and  L.lepis  (both  ranging  to  the  Arenig),  L.  ferruginect, 
Obolella  macidata,  and  Orthis  sagittalis.  The  last  named  is  also 
Tremadoc. 

Lamellibranchtata. — None  known  below  the  Lower  Tremadoc, 
where  3  new  genera  and  12  species  suddenly  appear ;  they  will  be 
noticed  under  the  Lower  Tremadoc  beds. 

Gasteropoda. — None  occur  beneath  the  Arenig  rocks. 
Pteropoda. — Theca  corrugata,  Salt.,  and  T.  obtusa,  Salt.,  are  the 

only  2  species  that  occur.  The  last  named  is  confined  to  the  Lower 
Lingula-flags. 

Heteropoda. — None  below  the  Middle  Lingula-flags  ;  and  the  only 
species  occurring  therein  is  Better  oplion  cambrensis,  Belt. 

Cephalopoda. — None  have  yet  appeared  below  the  Upper  Tremadoc, 
where  the  oldest  forms  known  occur. 

The  fauna  of  the  Lower  Lingula-flags  is  expressed  in  the  follow- 
ing Table  ;  and  it  will  be  seen  in  the  passage  column  that  only  8 

species  pass  to  the  Upper  Lingula-flags.  They  are  Agnostus  prin- 
ceps,  A.  trisectus,  Anopolenus  Salteri,  Microdiscus  punctatus,  and 
Paradoocides  Hicksii,  Lingullela  Davisii,  L.  lepis,  and  Orthis  sagittalis. 
Only  2  species  are  believed  to  connect  the  Middle  and  Lower  Lin- 

gula-flags—  Conocoryphe  bucephala,  Belt,  and  Lingidella  Davisii, 
M'Coy.  Indeed  the  wbole  fauna  of  the  middle  division  only  amounts 
to  5  species — the  two  just  named,  and  Kutorgina  cingulata,  Bill., 
Lingida  squamosa,  Holl,  and  Better ophon  cambrensis,  Belt. 

Nine  entire  classes  are  unrepresented  in  the  Lower  Lingula-flags, 
as  shown  in  the  Table. 

Table  III. — Loiver  Lingida- flags. 

Pass  up 
from 

Menevian. 
Classes. Genera. 

Species. 

Pass  to 
Middle 

Lingula- 
flags. 

Pass  to 

Upper 
Lingula- 

flags. 

Plantse. 
i i 1 1 

Hydrozoa. Actinozoa. 
Echinodermata. 
Annelida  3 3 

8 1  4 
9 

25 
i i 4 5 

Bryozoa. 3 3 3 5 i 3 
Lamellibranchiata. 
Gasteropoda. 1 1 2 
Heteropoda. 
Cephalopoda. 

1  3 1  9 

17 
36 

2 7 
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Plants. — None  known. 
Pkotozoa. — None  occur. 

Hydeozoa. — Dictyonema  sociale  occurs  abundantly  in  the  grey  and 
dark  shales  of  Keys  End  Hill,  Malvern,  and  in  North  Wales.  Whether 
Dictyonema  should  be  placed  with  the  Hydrozoa  or  Bryozoa  is  still 
a  doubtful  question.  Salter  in  1857  separated  this  genus  from 

Kjerulf's  genus  Fenestella  and  also  from  Hall's  genus  Graptopora. Actctozoa. — None. 
E  CHTisroDEEM  ata  . — Non  e. 

Atoteleda. — 2  genera,  Scolicoderma  antiquissimum,  Salt.,  and  Ser- 
pidites  fistula,  Holl.  The  Hollybush  sandstone  of  the  Malverns  is 
characterized  by  the  two  Annelides  above  named ;  the  Hollybush 
beds  of  the  Wrekin  also  contain  Annelide  remains.  S.  fistula  first 
appears  in  the  Menevian  beds.  Whatever  may  be  the  age  of  the 
Hollybush  sandstones,  these  two  species  occur  in  the  Malvern  area, 
at  the  base  of  the  Upper  Lingula-flags. 

Cettstacea. — No  less  than  30  species  represent  the  following  eight 
genera — Agnostus  5  species,  Ampyx  1,  Anopolenus  1,  Conocoryplie  9, 
Dihelocephalus  2,  Microdiscus  1,  Olenus  9,  Paradoxides  2*.  4  species, 
viz.  Agnostus  princeps,  Ampyx prainuntius,  Conocoryplie  depressa,  and 
Olenus  alatus,  pass  from  the  Upper  Lingula-flags  to  the  Lower  Tre- 

madoc'; and  20  species  are  confined  to  this  horizon.  Thus  the  Upper 
Lingula-flags  through  their  Crustacea  become  of  much  importanc, 
and  the  few  (4)  that  pass  to  the  Tremadoc  clearly  show  the  strati- 
graphical  value  of  the  Lingula  group  and  its  distinctness.  It  may  be 
worth  stating  that  4  species  in  the  Upper  Lingula-flags  also  occur 
in  the  Menevian  :  they  are  Anopolenus  Salteri,  Microdiscus  punctatus, 
Paradoxides  aurora,  and  P.  Hicksii ;  only  2  species  of  the  4  that 
pass  from  the  Upper  Lingula-flags  to  the  Tremadoc  extend  up  into 
the  Upper  Tremadoc,  namely  Agnostus  princess  and  Ampyx  prce- 
nuntius. 

Bryozoa. — Dictyonema  sociale,  Salt.,  is  the  only  Bryozoon  known 
in  the  Upper  Lingula-flags  ;  it  passes  to  the  Lower  Tremadoc,  both  in 
the  North  and  South  Welsh  areas,  at  Tremadoc  and  St.  David's;  it  is 
highly  characteristic  of  the  pale  Dictyonema-shales  that  overlie  the 
black  shales  in  the  valley  of  the  White-leaved  Oak  at  the  southern  end 
of  the  Malvern  rangef.  These  black  and  pale  greenish  Upper  Lin- 

gula shales  are  about  500  feet  thick,  and  contain  a  singular  fauna 
of  Crustacea  and  Brachiopoda.  Prof.  Phillips  first  noticed  these 
shales  and  their  fossil  contents.  The  Crustacea  are  Conocoryplie 
malvernensis,  PhilL,  Olenus  bisulcatus,  Phill.,  0.  humilis,  Phill.,  0. 
spinulosus,  Phill.,  and  0.  pauper,  Phill.,  Sphcerophtliahnus  pecten, 
Salt.,  Agnostus  M'Coyi?,  Salt.,  and  A.  princeps ;  the  Brachiopoda  are 

*  For  list  of  the  species  see  p.  8o,  last  paragraph  in  the  Lower  Lingula-flag division. 
t  It  is  possible  that  Kjerulf's  Fenestella  socialis  from  Scandinavia  may  be  our 

Dictyonema;  Eichwald's  Gorgonia  flabelliformis,  although  much  larger,  is  almost identical ;  Mr.  Salter,  however,  established  its  generic  distinctness. 
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Lingula  pygmmi,  Salt.,  Obolella  Salteri,  Holl,  and  Spondylobolus,  sp. ; 
many  of  these  are  peculiar  to  the  Malvern  area.  Dr.  Holl*  in  1865 
described  the  geological  structure  of  the  Malvern  Hills  and  adjacent 
districts,  placing  these  shales  in  the  Upper  Cambrian,  the  Hollybush 
sandstone  being  the  base  or  lowest  known  sedimentary  rock  in  the 
Malvern  area.  Whether  Dictyonema  should  be  classed  with  the 
Bryozoa  or  Hydrozoa  is  still  a  doubtful  question. 

Brachiopoda. — Only  5  genera  and  8  species  occur  in  the  Upper 
Lingula  beds — Kutorgina  cingulata,  Lingulella  Davisii,  L.  lepis, 
Lingula  pygmmi,  Obolella  plicata,  0.  Salteri,  0.  sagittalis,  and  Orthis 
lenticularis.  6  pass  to  the  Tremadoc  rocks — Kutorgina  cingulata, 
Lingulella  Davisii,  L.  lepis,  Obolella  plicata,  0.  sagittalis,  Orthis 
lenticularis ;  only  2  species  are  really  restricted  to  the  Upper  Lin- 
gula-flags,  Lingula  pygmcea  and  Obolella  Salteri.  No  zoological 
value  can  therefore  be  attached  to  the  Brachiopoda,  as  all  the  species 
but  2  occur  both  below  and  above  the  Upper  Lingula-flags. 

Lamellibranchiata. — None  have  as  yet  been  detected. 
Gasteropoda. — None  known  below  the  Arenig. 
Pteropoda. — Of  the  4  genera  and  17  species  that  range  from  the 

Longmynd  group  of  St.  David's  to  the  Upper  Tremadoc  no  form  has 
yet  been  discovered  in  the  Upper  Lingula-flags. 

Heteropoda. — None  have  occurred,  although  5  species  range 
through  the  Lower  Cambrian  rocks.  The  so-called  Middle  Lingula- 
flags  have  yielded  one  species,  Bellerophon  cambrensis,  Belt,  which  is 
the  first  known  species  on  record. 

Cephalopoda. — None  of  any  type.  No  species  occur  below  the 
Lower  Tremadoc.  The  entire  Cephalopod  fauna  of  the  Lower  Cam- 

brian rocks  consists  only  of  1  genus  and  2  species  below  the  Arenig 
rocks,  Orthoceras  precox,  Salt.,  and  0.  sericeum,  Salt. ;  in  the  Upper 
Tremadoc  these  increase  to  5  species. 

Between  the  close  of  the  deposition  of  the  Menevian  rocks  and  the 
close  of  the  Upper  Lingula-flags,  10  new  genera  appeared,  viz.  3  An- 

nelida, 1  Bryozoon,  4  Crustacea,  and  2  Brachiopoda  f,  succeeded  by 
13  new  species  in  the  Tremadoc  (Echinodermata  2  species,  Crustacea  4, 
Lamellibranchiata  5,  Cephalopoda  2  species).  The  known  newly  intro- 

duced genera  in  the  Lingula-flags  were,  Cruziana,  Scolicoderma,  Hel- 
rninthites, Dictyonema,  Parabolina,  DikelocephaZus,  Peltura,  Hymeno- 

caris,  Lingula  and  Kutorgina.  Only  1  of  these  {Lingula)  lived  on 
after  the  deposition  of  those  sediments  we  term  Lingula-flags  ;  this 
genus  has  appeared  in  almost  every  successive  marine  formation. 

The  Lower  Lingula  beds  have  yielded  17  genera  and  36  species,  and 
the  Upper  Lingula-flags  16  genera  and  41  species,  showing  a  generic 
loss  or  dying  out  of  7  genera  in  their  upward  succession ;  they  ap- 

pear to  be  Protospongia,  Cruziana,  Helrninthites,  Anopolenus,  Holo- 
cephalina,  Hymenocaris,  and  Leperclitia. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxi.  1865,  pp.  72-102. 
t  Cruziana  (semiplicata),  Scolicoderma  {tuberculatum  and  antiquissimum), 

Helrninthites  (sp.),  Dictyonema  (sociak),  Hymenocaris  (vermicaitda),  Olenus  (cata- 
ractes),  Dikelocephakcs  (celticus  and  discoidalis),  also  Carausia  (menevensis),  with 
Lingula  and  Lingulella. 



84 
PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

The  two  accompanying  small  Tables  (III.  &  IV.)  relate  to  the  dis- 
tribution of  the  fauna  of  the  Lower  and  Upper  Lingula-flags,  with  the 

number  of  genera  and  species  that  pass  to  the  Lower  and  Upper  Tre- 
madoc.  Nine  whole  classes  are  unrepresented  in  each  division  ;  only 
2  classes,  indeed,  in  either  have  real  value,  the  Crustacea  and  Brachio- 
poda.  I  regard  the  Annelida  as  being  wholly  doubtful,  so  far  as 
regards  species  :  their  presence  and  influence  is  manifest  everywhere 
through  the  slates  and  flags  of  the  lowest  Palaeozoic  rocks  ;  but  the 
fragmentary  condition  of  the  remains,  as  well  as  the  uncertainty 
relative  to  their  development  and  history,  almost  sets  aside  their 
numerical  value  as  species  in  evidence. 

In  the  Lower  Lingula-flags  the  25  species  of  Crustacea  stand  alone ; 
and,  with  the  exception  of  Hymenocaris  vermicauda,  Leperditia 
HicJcsii,  and  Primitia  solvensis,  all  are  Trilobita.  Five  species, 
all  Trilobites,  pass  to  the  Upper  Lingula-flags.  The  Upper  Lingula- 
flag  table  is  even  more  significant ;  for  every  one  of  the  30  species  of 
Crustacea  belongs  to  the  group  of  Trilobita,  and  only  2  species  pass 
to  the  Upper  Tremadoc,  Agnostus  princeps  and  Ampyx  prcenuntius, 
and  not  one  to  the  Arenig,  from  the  Lingula-flags. 

The  left-hand  column  in  all  the  tables  shows  the  number  of  genera 
and  species  that  pass  up  from  the  next  underlying  or  older  formation, 
the  upper  figure  enumerating  or  expressing  the  number  of  genera, 
and  the  lower  denoting  the  number  of  species  in  each  class ;  the 
same  plan  is  applied  to  the  genera  and  species  that  pass  up  into  the 
several  formations  as  the  case  may  be,  and  as  expressed  in  the  head- 

ings of  the  columns.  The  column  headed  classes  and  the  two  suc- 
ceeding, marked  genera  and  species,  speak  for  themselves. 

Table  IY. — Upper  Lingula-flags. 

Pass  up 
from 
Lower 

Lingula- flags. 

Classes. Grenera. 
Species. 

Pass  to 
Lower 

Tre- 

madoc. 

Pass  to 

Upper 

Tre- 

madoc. 

Plantge. 
Protozoa. 
Hydrozoa. Actinozoa. 
Echinodermata. 

2 2 
4 5 8 30 4 4 2 2 

Bryozoa  „  1 1 1 
3 3 5 8 4 5 5 

Lamellibrauehiata. 
Gasteropoda. 
Pteropoda. 
Heteropoda. 
Cephalopoda. 

7 8 

16 
41 

9 

1  0 

5 7 
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Lower  and  Upper  Tremadoc. 

Prior  to  tlie  year  1865  little  or  nothing  was  known  of  the  Tre- 
madoc rocks  in  the  promontory  of  St.  David's  ;  but  in  North  Wales 

they  had  been  well  studied  by  Sedgwick  in  1847,  and  by  Salter  in 
1857 ;  and  in  1866  Salter  and  Hicks  catalogued  all  the  species 
known  up  to  that  time*.  Doubtless  the  Lower  Tremadoc  series 
are  a  continuation  and  natural  close  of  the  Upper  Lingula-flags  or 
Ffestiniog  series  (the  Middle  Cambrian  of  Sedgwick).  The  strict 
agreement,  however,  between  the  North-  and  South- Wales  Tremadoc 
faunas  was  not  thoroughly  understood  until  Dr.  Hicks  in  1873  care- 

fully described  and  correlated  the  palseontological  relations  that 
exist  between  the  typical  North-  and  South- Welsh  areas.  The 
researches  of  Dr.  Hicks  into  the  Tremadoc  fauna  of  the  mainland 

of  St.  David's  and  that  of  Eamsey  Island  made  us  then  familiar 
with  the  physical  relation  and  paleeontological  connexion  between 
the  two  areas  f .  The  prior  and  incomplete  observations  of  Hicks 
and  Salter  in  1866  at  Eamsey  Island  relative  to  the  presence 
there  of  the  Tremadoc  rocks,  Dr.  Hicks  in  1872  fully  confirmed, 
being  able  to  show  their  succession  to,  and  conformable  position 
with,  the  hard  siliceous  flaggy  Lingula-flags.  In  this  research  he 
was  assisted  by  three  able  and  competent  observers,  Messrs.  Hom- 
fray,  Lightbody,  and  Hopkinson,  the  last-named  naturalist  sub- 

sequently contributing  largely  to  the  Arenig  Hydrozoa  from  the 
same  area.  Dr.  Hicks's  labours  further  resulted  in  Mr.  Davidson's 
learned  paper  upon  the  earliest  British  Brachiopoda,  which  con- 

tains a  valuable  table  showing  the  distribution  of  all  the  known 
species  of  that  class  in  these  oldest  British  rocks  (Harlech  to  Tre- 

madoc J). 
Since  the  labours  of  Dr.  Hicks  in  Wales,  another  important  ad- 

dition has  been  made  to  our  knowledge  of  the  distribution  and 
fauna  of  the  Lower  Tremadoc  rocks  of  the  Wrekin  area,  through  the 
careful  research  of  C.  Callaway,  Esq.,  F.G.S.  Mr.  Callaway  cor- 

rected errors  made  by  the  Survey,  Sir  B.  Murchison,  and  Mr.  Salter 
in  the  reading  of  the  Harnage  and  Shineton  beds  in  Shropshire.  He 
described  the  Lower  Palaeozoic  rocks  that  range  from  Wellington 
to  Kenley  (CLE.  to  S.W.).  He  paid  no  critical  attention  to  rocks 
newer  than  the  Caradoc  ;  but  he  greatly  changed  the  previous  views 
as  to  the  reading  and  structure  of  the  county  §.  Mr.  Callaway 
clearly  showed  that  the  Shineton  Shales  are  of  Lower-Tremadoc 
age,  and  that  the  "  quartzite  "  rock  that  lies  between  the  Shine- 

ton Shale  and  the  Wrekin  represents  the  Hollybush  Sandstone  of 
Malvern,  which  there  underlies  the  black  shales  with  Oleni,  the 
equivalents  of  the  Upper  Lingula-flags.  The  determination  by 
Mr.  Callaway  of  the  presence  of  a  Tremadoc  fauna  in  England  is  of 
high  importance ;  and,  singularly,  most  of  the  Shineton  Tremadoc 

*  British  Association  Eeport,  1866. 
t  Quart.  Journ.  Geol.  Soc.  vol.  xxix.  p.  39  (1873). 
\  Geol.  Mag.  vol.  v.  (1868)  pp.  303-315. 
§  Callaway.  Quart.  Journ.  Geol.  Soc.  vol.  xxxiii.  pp.  652-672. 

vol.  xxxvii.  t  h 
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species  are  new,  and  also  many  of  the  genera.  The  species  as- 
signed by  the  author  as  having  most  zoological  value  are  Conocoryphe 

monile,  Salter,  Olenus  Salteri,  Call.,  Olenus  triarthrus,  Call.,  Agnostus 
dux,  Call.,  Lingulella  Nicholsoni,  Call.,  Obolella  sabrince,  Call., 
Asaphus  {Asaphellus)  Homfrayi,  Salt.,  Asaphus  (Platypeltis)  Croftii, 
Call. 

Mr.  Callaway  also  draws  comparisons  between  the  Shineton, 
Pedwardine,  and  Malvern  series,  showing  their  relations  and  affinities. 
All  the  species  in  the  Shineton  Shales  are  new  except  three,  viz. 
Conocoryphe  monile,  Salt.,  Asaplius  {Asaphellus)  Homfrayi,  and 
Dictyonema  sociale;  the  fauna  is  therefore  nearly  unique.  Mr. 
Callaway  suggests  that  the  Shineton  Shales  may  be  passage-beds 
between  the  Lingula-fLags  and  the  Lower  Tremadoc :  the  presence 
of  Dictyonema  sociale  strengthens  this  view ;  it  is  an  Upper  Lin- 
gula-nag  species  at  Malvern,  Pedwardine,  and  North  Wales  in 
many  places,  also  a  well-known  Tremadoc  form  in  the  latter 
area.  Mr.  Callaway  ably  discusses  the  physical  features  of  the 
Shineton  area.  He  describes  fourteen  new  species,  and  establishes 
two  subgenera  of  Trilobites,  Asaphellus  and  Platypeltis,  and  two 
genera,  Conophrys  and  Lichapyge  ;  he  also  determines  and  describes 
a  remarkable  Cystidean,  possessing  a  slender  crinoidal-like  stem  and 
simple  calicular  pinnulae,  which  he  names  Macrocystella  Marice.  At 
present  we  know  of  no  true  Tremadoc  rocks  in  the  Stiperstones  area ; 
nor,  indeed,  are  we  sure  of  the  presence  of  the  true  Lingula-flags  in 
that  district  west  of  the  Longmynds,  unless  the  Stiperstones  them- 

selves represent  them ;  but  of  this  we  have  no  organic  proof,  the 
series  succeeding  being  Arenig  or  Skiddaw,  formerly  mapped  and 
named  Lower  Llandeilo  by  Sir  Roderick  Murchison  and  the  Survey. 
Mr.  Callaway  believes  from  recent  research  that  the  quartzites  of 
the  Stiperstones  are  of  Arenig  age,  and  therefore  distinct  from  the 
quartzites  of  the  Wrekin,  deducing  his  opinion  from  the  fact  that 
when  they  are  conglomeratic  the  pebbles  in  the  Arenig  quartzites 
are  mainly  quartz,  while  the  included  fragments  of  the  Wrekin 
quartz  rocks  are  felsitic.  Again,  Mr.  Callaway  believes  that  he  has 
detected  the  Shineton  Shales  (Lower  Tremadoc)  at  the  base  of  the 
escarpment  of  the  Stiperstones  dipping  under  the  Arenig  series  in 
the  same  direction  as  the  rocks  of  that  formation,  i.  e.  W.X.W. 

There  is  little  or  no  specific  palaeontological  affinity  or  com- 
munity between  the  Tremadoc  and  Arenig  groups  in  any  known 

area  in  North  or  South  Wales,  although  they  are  everywhere  con- 
formable. No  Tremadoc  rocks  have  yet  been  proved  to  occur  above 

the  Lingula-flags  in  the  passes  of  Llanberris  and  Nant  Francon  or 
the  adjoining  regions,  where  the  latter  rocks  are  so  finely  and  fully 
developed ;  neither  is  it  yet  qnite  certain  that  they  occur  in  An- 

glesey. A  few  fossils  lately  found  by  Professor  T.  M'K.  Hughes 
lead  to  a  strong  suspicion  that  the  northern  half  of  the  island  may 
yet  yield  a  Tremadoc  fauna.  The  singular  Trilobite,  Neseuretus 
ramseyensis,  Hicks,  found  by  Professor  Hughes  at  Ty-hen  near  Llan- 
erchymaedd,  has  not  hitherto  occurred  in  North  Wales,  but  only  on 

Eamsey  Island  and  at  Tremanhire  (St.  David's)  ;  and  other  remains 
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occur  with  this  form,  furnishing  strong  evidence  that  the  Tremadoc 
rocks  extend  as  far  N.W.  in  Wales  as  Anglesey  :  the  above-men- 

tioned species  has  not  occurred  in  the  classical  Tremadoc  area,  cither 
in  the  lower  or  the  upper  division  of  the  group.  The  presence  of 
the  Arenig  beds  in  Anglesey  favours  the  belief  that  the  Tremadoc 
may  also  occur  in  the  island. 

The  Tremadoc  slates,  now  so  well  known  in  the  two  classical 

Welsh  localities,  viz.  Tremadoc  in  North,  and  St.  David's  in 
South  Wales,  are  so  rich  in  conspicuous  forms  and  well-determined 
species  that  we  readily  recognize  and  place  them  in  two  distinct  or 
separate  horizons  or  zones.  Their  true  position  in  North  Wales, 
between  the  Lingula-flags  below  and  the  Arenig  group  above,  was 
clearly  shown  and  fixed  by  the  distinguished  Cambridge  Professor 
in  1851.  Their  base  was  an  easier  line  to  trace  than  their  passage 
above  into  what  was  then  a  group  of  rocks  believed  to  be  almost 
unfossiliferons.  Small  indeed  was  the  fauna  known  to  Sedgwick 
and  Salter  in  1813,  when,  at  Tai-hirion,  west  of  Arenig  Mountain, 
they  collected  the  two  characteristic  fossils  Ogygia  Sdwynii  and 
Calymene  parvifrons.  These  two  species  f ormed  the  mental  basis 
of  Sedgwick's  Arenig,  and  determined  the  top  of  his  Tremadoc 
group  till  better  worked  out.  Now  the  Tremadoc  fauna  of  North 
Wales  consists  of  42  species,  of  South  Wales  30,  and  of  Shropshire 
(Shineton)  16.  The  Arenig  group  numbers  62  genera  and  149 

species;  or  97  species  occur  at  St.  David's,  74  in  the  Skiddaw  beds 
of  Westmoreland,  36  in  the  Stiper-stones  area,  34  in  North  Wales. 
These  have  nearly  all  been  described  since  the  far-seeing  eye  of 
Sedgwick  determined  the  stratigraphical  place  of  the  groups  on 
physical  grounds.  We  owe  the  description  of  the  species  to  Dr.  Hicks, 
Mr.  Salter,  Professor  M'Coy,  and  Messrs.  Hopkinson,  Lapworth, 
Nicholson,  and  Davidson.  Guided  by  mineral  or  physical  characters 
alone,  the  line  of  separation  between  the  Lingula-flags  and  Lower 
Tremadoc  would  probably  be  drawn  immediately  above  the  hard 
grey  arenaceous  so-called  Middle  Lingula-flags,  in  the  typical  Tre- 

madoc area,  where  Lingulella  Bavisii  ceases  to  be  an  abundant  and 
characteristic  fossil ;  but  zoological  conditions  forbid  this  ;  the  "  black 
slates  "  that  succeed  the  "  hard  grey  series,"  possess  a  recurrent 
generic  fauna  from  the  lower  zones,  including  Conocoryphe  depressa, 
Dikelocephalus  ?,  and  Agnostus  princ&ps,  with  Orihis  lentieularis, 
the  two  latter  in  millions.  The  cliff  of  Ogof-ddu,  near  Criccieth, 
and  the  jutting  promontory  of  Craig-ddu  exhibit  a  complete  section 
from  the  Lingula-flags  to  the  Upper  Tremadoc  slates,  the  character- 

istic Orthis  lentieularis  marking  by  myriads  the  junction  of  the 
Middle  Lingula-flags  and  the  Upper  Black  pyritous  slate.  No  Upper 
Lingnla-flag  section  in  Wales  is  more  prolific  in  life  :  Conocoryphe 
abdita,  Salt.,  and  two  other  species,  Dikeloe&phalus  celiicus,  Salt., 
D.  discoidalis,  Salt.,  Agnostus  princeps,  and  Orthis  lentieularis 
dispel  all  doubts  as  to  age  or  horizon ;  but  the  Tremadoc  fossils  do 
not  occur  at  Ogof-ddu ;  the  fossiliferous  zones  must  be  sought  for  in 
the  sections  at  Penmorfa,  Borthwood,  Moel-y-gest,  &c.  near  Port- 
madoc  (places  rich  in  characteristic  species),  and  also  across  the 
estuary  from  Aber-ai,  by  Dudreath,  to  Cae-Iago,  near  Maentwrog. h2 
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These  are  the  chief  localities  whence  the  history  of  the  Tre- 
madoc  rocks  of  North  Wales  has  been  drawn  and  deduced,  from 
which  also  their  remarkable  fauna  has  been  disentombed,  and  that 
mainly  through  the  instrumentality  of  Mr.  David  Homfray  and  Mr. 
Ash  of  Portmadoc,  the  late  Mr.  Salter,  and  the  old  collector  for  the 
Survey,  Mr.  Gibbs. 

The  careful  and  thorough  examination  of  North  and  South  Wales 
that  has  of  late  been  made  by  so  many  able  observers,  has  clearly 
shown  the  perfect  sequence  and  agreement  in  stratigraphical  suc- 

cession between  the  whole  of  the  groups  ranging  from  the  Har- 
lech and  Longmynd  strata  to  the  Llandeilo ;  this  is  complete  for 

South  Wales  in  the  St.-David's  promontory  as  one  continuous  and 
ascending  section,  with  no  break  in  continuity.  It  is  not  so  clear 
or  complete  a  sequence  in  North  Wales,  where  the  chief  localities 
for  the  Tremadoc  and  Arenig  groups  are  more  widely  separated, 
both  formations  being  only  developed  in  two  counties  in  North 
Wales,  viz.  Merionethshire  and  Caernarvonshire — the  Lower  Tre- 

madoc series  chiefly  at  Penmorfa,  Borthwood,  and  Llanerch  in 
Caernarvonshire,  and  in  Merionethshire  at  Cae  Iago  near  Maentw- 
rog  and  at  Tyn-y-llan.  The  Upper  Tremadoc  rocks,  on  the  contrary, 
are  best  developed  in  Merionethshire  at  Tuhunt-y-bwlch,  Penclo- 
gwyn,  and  Garth,  whilst  Moel-y-gest  is  the  only  locality  in  Caernar- 

vonshire where  they  occur.  The  Arenigs,  which  also  occur  only  in 
the  same  counties,  I  shall  have  occasion  to  refer  to  at  considerable 
length  when  speaking  of  the  distribution  of  the  species. 

The  discovery  near  St.  David's,  by  Hicks  and  Salter,  of  Tremadoc 
slates  equivalent  to  those  of  North  Wales  threw  new  light  upon  the 
history  of  that  remarkable  promontory.  Not  only  are  these  slates 
the  same  as  those  of  Merioneth  and  Caernarvonshire,  but  a  large 
number  of  additional  species  of  much  interest  have  been  added  to  the 
whole  fauna.  In  1866*  Messrs.  Hicks  and  Salter  published  the  results 
of  their  researches  at  St.  David's,  giving  a  list  of  the  species  dis- 

covered by  them.  Since  then  Dr.  Hicks  has  reaped  a  large  harvest 
of  new  forms  from  these  rocks,  thus  adding  to  the  history  and 
palaeontology  of  that  area — no  less  than  thirty  species  having 
occurred  to  him.  These  were  obtained  from  three  distinct  loca- 

lities— the  first  on  the  north-eastern  coast  of  Eamsey  Island  ; 
the  second  at  the  northern  extremity  of  Whitesand  Bay,  and  ex- 

tending 4  miles  in  a  north-easterly  direction  beneath  the  Arenig 
rocks  ;  the  third  at  Tremanhire,  an  extensive  area  or  tract  5  miles 

east  of  St.  David's,  thus  showing  extensive  geographical  distri- 
bution. The  Ramsey-Island  section  is  stratigraphically  complete, 

having  for  its  conformable  base  the  Lingula-flags  full  of  Linguiella 
Davisii ;  and  upon  the  intervening  Tremadoc  rocks,  here  1000  feet 
thick,  succeed  the  Arenigs,  thus  here,  as  at  Whitesand  Bay,  affording 
clear  proof  of  the  intercalated  position  of  the  Tremadoc  group.  In 
North  Wales  no  Arenig  rocks  are  known  to  rest  directly  upon  the 
Tremadoc  anywhere.  Dr.  Hicks  obtained  in  all  29  species  from 
the  Pamsey-Island  section,  24  of  which  were  new;  and  15  occurred 
at  Tremanhire,  inland,  east  of  St.  David's. 

*  Brit.  Assoc.  Eeport,  1866,  p.  182. 
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The  Tremadoc  rocks  of  Whitesand  Bay  also  rest  conformably 
upon  the  Lingula-flags,  and  underlie  the  Arenigs,  as  at  Eamsey 
Island ;  they  strike  north-east  for  4  miles  towards  Abereiddy  Bay. 
The  third  exposure,  at  Tremanhire,  shows  the  same  stratigraphical 
relations  and  succession,  and  has  yielded  fifteen  out  of  the  30 
new  species  described  by  Hicks  as  occurring  at  Eamsey  Island. 
This  patch  is  now  an  isolated  inlier  surrounded  by  Lingula-flags  and 
Menevian  beds,  and  with  a  large  area  of  Longmynd  rocks  to  the  west. 
The  Pre-Cambrian  ridge  and  Longmynd  series  now  divide  or  sepa- 

rate the  two  Tremadoc  areas,  which  must  have  been  once  conti- 
nuous. Dr.  Hicks  believes  that  the  conditions  under  which  these 

rocks  at  St.  David's  were  deposited  were  intermediate  between  those 
of  the  shoal  and  shallow  water  in  which  the  Lingula-flags  were 
deposited,  and  those  of  the  deeper  sea  from  which  the  finer  muddy 
deposits  of  the  Arenig  slates  were  thrown  down,  and  that  this  was 
probably  one  of  the  causes  of  the  appearance  in  them  of  so  varied  a 
group  of  organisms. 

There  is  some  difficulty  in  comparing  the  Tremadoc  rocks  of 

North  with  those  of  South  Wales.  At  St.  David's  they  are  so  inti- 
mately connected  with  the  underlying  Lingula-flags  and  overlying 

Arenig  series  that  the  boundary-line  is  almost  arbitrary.  Palaeon- 
tologically  they  appear  to  be  on  the  same  horizon  as  the  Lower 
Tremadoc  series  of  North  Wales,  the  chief  trilobite  Niobe  Homfrayi 
with  Linyulella  Davisii  and  L.  lepis  connecting  them.  Yet  the 
mass  of  the  faunas  are  entirely  distinct,  for  out  of  the  42  North- 
Wales  and  30  South- Wales  forms  only  the  3  above  named  are  com- 

mon to  both. 
Thus  out  of  the  4  North-Wales  and  7  South- Wales  Trilobita 

only  1,  Niobe  Homfrayi,  connects  the  two  areas.  Of  the  4 
genera  and  9  species  of  Brachiopoda  occurring  in  both  areas  only 
2  species  connect  them,  viz.  Lingidella  Davisii  and  L.  lepis ;  and 
more  remarkable  still  is  the  occurrence  in  Eamsey  Island  of  the 
earliest  known  Lamellibranchs  in  Britain,  if  not  in  Europe.  The 
Lower  Tremadoc  beds  in  that  island  have  yielded  5  genera  and 
12  species,  the  first  representatives  known  of  that  order ;  6  of 
the  same  species  occur  inland  at  Tremanhire.  Three  of  these  genera 
belong  to  the  Arcidse,  and  one  probably  to  the  Anatinidse ;  prior  to 
this  discovery  Medonia,  Ribieria,  and  a  species  of  Palcearca  were  the 
oldest  forms  known,  and  were  obtained  from  the  Arenig  beds  at  Lord's 
Hill,  Shelve.  The  last-named  genus  has  been  extracted  from  Lower 
Silurian  rocks  in  Spain,  Bohemia,  Prance,  and  Devonshire.  These 
bivalves  are  also  associated  with  the  earliest  known  Crinoid  and 
Starfish,  Dendrocrinus  cambrensis  and  Palceasterina  ramseyensis.  Still 
more  significant  zoologically  is  the  presence  of  a  new  genus  with 
four  species  of  Trilobita,  which  Dr.  Hicks  has  named  Neseuretus. 
This  large  and  singular  genus  seems  to  have  affinity  with  DiJce- 
locephalus  through  its  pygidium,  with  Calymene  and  Homalonotus 
through  the  thoracic  segments,  and  with  the  Conocephalidae 
through  the  glabella.  The  four  species  and  one  variety  are  all 
confined  to  the  Lower  Tremadoc  rocks  of  Eamsey  Island  and 

Tremanhire  on  the  St.-David's  promontory.    None  had  occurred  in 
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North  Wales  until  Prof.  Hughes  discovered  portions  of  one  in  Angle- 
sey. If  any  other  Trilobite  were  required  to  establish  palseontological 

relationship  between  the  Tremadoc  rocks  of  North  and  South  Wales 
it  would  be  Angelin  a  genus  Niobe  ;  and  Dr.  Hicks  has  obtained,  both 
from  Ramsey  Island  and  Tremanhire,  a  new  and  splendid  species 
(Niobe  menapiensis),  greatly  exceeding  in  size  the  characteristic 
Niobe  Homfrayi  from  Penmorfa  and  Tremadoc.  Niobe  is  not 
known  out  of  the  Tremadoc  group.  The  South- Wales  beds  do  not 
possess  so  numerous  an  assemblage  of  pelagic  Mollusca  as  those  of 
North  Wales :  9  species  of  Pteropoda  (Theca  Davisii,  T. 
opercula,  Lower  Tremadoc  only,  T.  arata,  T.  bijugosa,  T.  cuspi- 
data,  Lower  and  Upper,  and  T.  alata,  T.  simplex,  and  T.  tri- 
lineata,  with  Conularia  Homfrayi)  are  Upper  Tremadoc;  and  5 
Heteropoda  (Bellerophon  arfonensis,  B  multistriatus,  B.  ramsey- 
ensis,  B.  solvensis,  and  B.  shinetonensis)  range  through  the  Trema- 
docs ;  but  TJieea  Davisii,  Bellerophon  ramseyensis,  Hicks,  and  Bo 
solvensis,  Hicks,  are  South- Wales  species,  the  mass  occurring  in  the 
typical  Tremadoc  area  in  North  Wales.  Associated  with  Niobe 
menapiensis  and  the  Neseureti  no  less  than  19  species  occur, 
including  the  12  Lamellibranchs  and  5  Brachiopoda,  viz.  Lin- 
gulella  Davisii,  Lingula  petalon,  Obolella  plicata,  Orthis  Carausii, 
and  0.  menapice,  29  of  the  31  being  described  by  Hicks. 
Dr.  Hicks  believes  that  the  lower  portion  of  the  St.-David's 
Tremadoc  rocks  and  the  upper  black  slates  of  the  Lingula-flags  of 
North  Wales  were  deposited  contemporaneously.  This  may  well  be, 
looking  at  the  remarkable  difference  existing  in  the  faunas  of  the 
two  areas,  so  few  species  being  common  to  or  uniting  the  two  groups, 
and  difference  of  depth  at  the  time  of  deposition.  Again,  the 
absence  of  the  fine  black  slates  in  the  Upper  Lingula-flags  of  St. 
David's,  so  characteristic  of  the  North-Wales  and  the  Malvern  beds, 
may  be  due  to  depth,  shallow  in  one  region  and  deep  in  the  other. 

The  Tremadoc  series  is  divided  into  three  groups  by  Dr.  Hicks, 

the  lowest  at  St.  David's  consisting  of  grey,  fissile,  or  flaggy  sand- 
stones. Exposed  at  Ramsey  Island,  Tremanhire,  and  Llanveran,  a 

peculiar  assemblage  of  fossils  occurs  in  this  area,  new  and  different 
from  that  of  North  Wales : — Davidia,  Glyptarca,  and  Palmarca, 
being  the  earliest  bivalves  known  ;  the  earliest  Crinoid,  Dendrocrinus 

(unless  Mr.  Callaway's  genus  Macrostella  from  the  Shineton  area 
should  be  earlier  in  time) ;  and  the  first  known  Asteroid,  Palceasterina 
ramseyensis,  Hicks.  The  Middle  Tremadoc  of  Hicks  is  equivalent  to 
the  passage-beds  between  the  Lower  and  Upper  series  of  Salter,  con- 

taining Cheirurus  Frederici,  Conocoryplie  verisimilis,  C.  vexata,  and 
Asaphus  Homfrayi, — the  upper  member,  consisting  of  iron-stained 
slates  and  flags  at  Penclogwyn,  Garth,  Dudreath  Tuhwnt-yr- 
bwlch,  &c,  in  the  Portmadoc  area  being  characterized  by  Angelina 
SedgwicJcii,  Lingulocaris  lingulascomes,  and  Conularia  Homfrayi. 
The  distinctness  of  the  Tremadoc  from  the  Lingula-flags  below  is  in 
all  areas  the  same ;  only  8  species  out  of  65  known  forms  in  the 
former  pass  up  to  the  Tremadoc,  which  possesses  a  fauna  of  84 
species ;  these  are  Agnostus  prineeps,  Ampyx prmnuntius,  Conocoryplie 
depressa,  Lingulella  Davisii,  L.  lepis,  Orthis  lenticularis,  Obolella 
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sagittalis,  and  Dictyonema  sociale.  42  species  are  known  in  North 
Wales,  and  30  in  South  Wales ;  yet,  as  before  stated,  only  3  species 
are  common  to  both  districts — Niobe  Homfrayi,  Lingulella  Davisii, 
and  L.  lepis. 

It  must  be  observed  that  no  species  of  true  Graptolite  is  known, 
in  the  Tremadoc  rocks,  none  being  really  known  below  the  Arenig 
in  Britain,  Europe,  or  America.  Doubtless  the  whole  Arenig  series 
is  more  closely  allied  to  the  succeeding  and  overlying  Llandeilo  than 
to  the  underlying  Tremadoc  ;  it  is  certainly  so  as  exhibited  in  the 
South-Wales  promontory,  where  both  groups  are  typically  developed 
and  succeed  each  other  in  one  continuous  and  conformable  section ; 
yet  there  is  perhaps  no  greater  change  or  pakeontological  break  be- 

tween any  two  conformable  British  groups  than  between  the 
Tremadoc  and  Arenig,  the  rich  Hydrozoal  fauna  coming  in  at  the 
close  of  the  former  and  commencement  of  the  latter.  The  change 
in  the  physical  conditions  of  the  sea  and  sea- bed  at  the  close  of  the 
Tremadoc  period  was  favourable  to  the  development  of  this  division 
of  the  Ccelenterata. 

The  most  characteristic  of  all  the  fossils  of  the  Lower  Tremadoc 
are  Niobe  Homfrayi,  N.  menapiensis,  Psilocephalus  innotatus,  with 
Angelina  SedgwicJcii  and  Asaphus  affmis  in  the  Upper  Tremadoc ; 
these  five  species  are  met  with  wherever  the  Tremadoc  rocks  are 
well  seen.  Agnostus  princess,  so  abundant  in  the  Upper  Lingula- 
flags  of  North  AVales,  is  not  known  in  the  St.-David's  Tremadoc 
sections,  and  is  of  the  rarest  occurrence  in  the  North- Welsh  classical 
localities  ;  with  Agnostus  the  characteristic  Lingulella  (L.  Davisii) 
dwindles  away,  and  seems  to  be  replaced  by  the  small  but  equally 
gregarious  L.  lepis. 

The  true  Upper  Tremadoc  series  is  characterized  by  many  new 
species.  Niobe  Homfrayi,  Psilocephalus  innotatus,  and  P.  inflatus 
no  longer  exist  as  species,  but  are  replaced  by  Asaphus  Homfrayi 
and  Angelina  SedgiuicJci :  Cheirurus  Frederici  at  Garth,  Llanerch, 
Penclogwyn,  Portmadoc,  &c,  ranges  from  the  top  of  the  Lower, 
through  the  passage-beds,  and  all  through  the  Upper  Tremadoc  into 
the  Arenig.  Olenus  impar  adds  another  to  the  characteristic  species 
of  the  Upper  Tremadoc ;  and  Oyrtoceras  prcecooo,  which  occurs  at 
Llanerch,  is  the  earliest  known  Oephalopod  in  the  British  rocks. 
The  first  Orthoceras  (0.  sericeum)  known*  also  occurs  in  the  passage- 
beds  at  Garth  and  Tuhwnt-yr-bwlch. 

It  is  clear  that  there  is  no  stratigraphical  or  palseontological 
break  between  the  Lingula-flags  and  the  Tremadoc  :  both  areas 
prove  the  former  by  direct  evidence ;  and  9  species  connect  them 
palseontologically,  viz.  Dictyonema  sociale,  Salt.,  Agnostus  princeps, 
Salt..  Ampyx  prcenuntius,  Salt.,  Conocoryphe  depressa,  Salt.,  ? Olenus 

impar,  Salt.,  Lingulellu  Davisii,  M'Coy,  Z/.  lepis,  Salt.,  Obolella  sagit- 
talis1?, Salt.,  Orthis  lenticularis,  Wahl.  Three  of  these  same  species 

also  connect  the  Tremadoc  and  Arenig  :  they  are  Lingulella  Da- 
visii, L.  lepis,  and  Orthis  lenticularis.  All  palseontological  evidence 

goes  to  prove  "  that  the  Tremadoc  rocks  of  the  St.-David's  area  are 
closely  allied  to,  if  not  identical  with,  the  lower  portion  of  the 

*  Originally  in  the  cabinet  of  Mr.  D.  Homfray,  of  Portmadoc, 
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Tremadoc  rocks  of  North  Wales."  Mr.  Homfray,  of  Portmadoc,  than 
whom  no  one  has  had  greater  experience  or  more  carefully  studied 
the  Tremadoc  rocks  in  their  original  localities,  finds  no  difficulty  in 
recognizing  and  correlating  the  rocks  and  fossils  of  the  two  districts, 

affirming  the  St.-David's  beds  to  be  the  equivalents  of  the  lower 
portion  of  the  series  in  the  Portmadoc  region.  Mr.  Homfray  is 
also  of  opinion  that  the  Upper  Tremadoc  rocks  are  represented  at 

St.  David's  by  part  of  the  Arenigs,  which  contain  several  Upper- 
Tremadoc  fossils,  in  addition  to  the  rich  fauna  of  Graptolites  (42 
species)  now  known  to  occur  through  the  entire  Arenig  series. 
The  whole  Tremadoc  fauna  consists  of  33  genera  and  86  species, 
and  no  Hydrozoa ;  the  Arenig  includes  62  genera  and  149  species, 
with  42  species  of  Hydrozoa ;  the  succeeding  Llandeilo  has  230 
species,  90  of  which  are  also  Hydrozoa  ;  yet  in  each  formation  the 
Graptolites  appear  mostly  to  be  of  distinct  species.  They  also  play 
an  important  part  in  the  faunas  of  the  Llandeilo,  Caradoc,  and 
Llandovery  rocks  of  Scotland. 

Table  VII.  (p.  ioo)  is  a  complete  numerical  analysis  of  the 
fossils  in  the  Lower  Cambrian  rocks,  from  the  Harlech  and  Long- 
mynd  to  the  close  of  the  Upper  Tremadoc,  in  which  it  will  be  seen 
that  the  twelve  classes  (and  Plantae?)  are  represented  by  61  genera 
and  182  species,  as  the  known  commencement  of  life  in  the  British 
area.    They  are  as  follows  : — 

The  Longmynd  group  contains  18  genera  and  33  known  species. 
The  Menevian     „         „       24       „         51      „  „ 
The  Lower Lingula-flags  „       19       „         38      „  „ 
The  Upper     „       „     „       12       „         40  „ 
The  Lower  Tremadoc     ,,       26       „         55     „  „ 
The  Upper       „  „       21       „         34  „ 
11  genera  and  16  species  pass  to  the  Arenig,  this  small  number 

clearly  determining  the  individuality  of  the  Lower  Cambrian  fauna. 
It  is  only  through  the  6  species  of  Crustacea  out  of  103,  and  the 
6  Brachiopoda  out  of  20,  that  the  passage-forms  are  thus  numerous. 
The  remaining  3  species  are  pelagic,  1  Pteropod,  1  Heteropod,  and 
1  Cephalopod. 

Lower  Tremadoc. 
Plants. — None.  Protozoa. — None  known. 
Hydrozoa. —  Dr.  Callaway  discovered  in  the  Shineton  Tremadoc 

rocks  two  species  previously  unknown.  One  belongs  to  the  genus 
Clonograptus  of  Hall ;  the  other  is  the  Bryograptus  Callavei  of 
Lapworth,  both  belonging  to  the  family  Dichograptidse.  These  are 
the  oldest  Ehabdophora  known. 

Actinozoa. — None,  so  far  as  we  know,  below  the  Llandeilo  rocks. 
Echlnodermata. — Dendrocrinus  cambrenszs,  Hicks,  and  Palceaste- 

Tina  ramseyensis,  Hicks,  are  both  from  the  Lower  Tremadoc  beds 

of  Eamsey  Island,  St.  David's ;  they  are  the  first  known  species  of the  orders  Crinoidea  and  Asteroidea ;  and  they  stand  with  numerous 
other  discoveries  as  a  testimony  of  the  value  of  the  researches  of 
Dr.  Hicks  in  these  early  Cambrian  rocks,  to  which  Paheozoic  palae- 

ontology owes  so  much. 
Annelida. — None,  either  in  the  rocks  of  South  or  North  Wales. 
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Crustacea. — Only  2  new  genera  appear  with  the  coming-in  of 
the  Lower  Tremadoc  (Psilocephalus  and  Neseuretus) ;  hut  the  whole 
Crustacean  fauna  comprises  13  genera  and  24  species,  of  which  10 
genera  and  19  species  especially  characterize  the  Lower  Tremadoc. 
They  are  so  essential  to  a  right  understanding  of  the  Lower  Tremadoc 
rocks  and  their  entire  distinctness  from  the  Upper  Lingula-flags  that 
1  enumerate  them  : — Agnostus  Barloivii,  Belt ;  A.  dux,  Call. ;  Cono- 
plirys  salopiensis,  Call. ;  Asaphus  Croftii,  Call. ;  Dionide  aira,  Salt. ; 
Licliapyge  cuspidata,  Call. ;  Neseuretus  (5  species,  all  by  Dr.  Hicks) ; 
Niobe  Homfrayi,  Salt.  ;  N.  menapiensis,  Hicks  ;  N.  solvensis,  Hicks  ; 
Conocoryphe  verisimilis,  Salt. ;  Olenus  triarthrus,  Call. ;  0.  Salteri, 
Call. ;  Psilocephalus  injlatus,  Hicks  ;  and  P.  innotatus,  Salt.  None  of 
the  above  species  occurs  below  or  above  the  Lower  Tremadoc  horizon. 
The  remaining  five  occur  also  in  the  Upper  Lingula-flags,  and  unite  the 
two  formations.  The  chief  species  named  occur  at  Penmorfa,  Borth- 
wood,  and  Llanerch  in  Caernarvonshire,  and  Dudreath  and  Tyn-y- 
llan  in  Merioneth ;  and  the  same  species  occur  in  the  St.-David's 
promontory  at  Whitesand  Bay,  &c.  Nowhere  do  the  species  above 
mentioned  transgress  the  lower  beds ;  the  Lower  and  Upper  Tre- 

madoc are  connected  only  by  Agnostus  princess,  Ampyx  prcenun- 
tius,  and  Ogygia  scutatrix.  Nothing  that  I  could  adduce  would  be 
stronger  evidence  of  the  value  of  the  Lower  Tremadoc  as  a  well- 
defined  zoological  group  :  it  contains  more  genera  than  any  other 
division  of  the  Lower  Cambrian  stages  ;  and  the  species  are  essen- 

tially characteristic. 
Bryozoa. — Bictyonema  sociale,  Salt.,  as  in  the  Upper  Lingula- 

flags.    This  genus  occurs  near  Tremadoc  in  the  passage-beds. 
Brachiopoda. — The  Lower  Tremadoc  Brachiopoda  are  Kutorgina 

cingulata,  Lingula  petalon,  Lingulella  Nicliolsoni,  L.  lepis,  Obolella 
Beltii,  0.  sabrince,  0.  plicata,  and  0.  sagittalis.  Orthis  carausii, 
0.  lenticularis,  and  0.  menapice.  4  of  these  5  genera  and  6  of  the 
11  species  pass  to  the  Upper  Tremadoc.  They  are  Lingula  petcdon, 
Lingidella  lepis,  Obolella  Beltii,  0.  plicata,  Orthis  carausii,  and 
0.  lenticidaris.  4  genera  and  5  species  appear  from  the  Upper  Lin- 

gula flags,  so  that  the  true  Lower  Tremadoc  species  are  few,  and  only 
2  species  are  peculiar,  viz.  Lingulella  Nicliolsoni  and  Obolella  sabrince. 

Lamellibranchiata. — The  first  appearance  of  this  class,  or  the 
earliest  known  in  the  British  rocks.  Dr.  Hicks,  through  his 
researches  upon  the  Tremadoc  rocks  of  Eamsey  Island,  has  obtained 
these  first  evidences  of  Pelecypod  or  bivalve  molluscan  life.  He 
refers  them  (and,  I  think,  rightly)  to  5  genera  and  12  species — 
Bavidia  (2),  Glyptarca  (2),  Modiolopsis  (4),  Palcearca  (2),  and 
Ctenodonta  (2) ;  none  of  the  species  is  known  out  of  or  above 
the  Lower  Tremadoc. 

Gasteropoda. — None  known  below  the  Arenig  rocks. 
Pteropoda. — The  genus  TJieca  is  represented  by  5  species  in  the 

Lower  Tremadoc,  viz.  TJieca  ovata,  Salt.,  T.  bijugosa,  Salt.,  T.  cuspi- 
data,  T.  Bavisii,  and  T.  (Cleidotheca)  opercidata.  The  3  first 
named  pass  to  the  Upper  Tremadoc.  T.  Bavisii  is  the  only  species 
in  the  Tremadoc  rocks  of  St.  David's.  The  remaining  4  are  North- 
Welsh  Tremadoc  species. 
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Heteropoda. — Belleroplwn  ramseyensis,  Hicks,  B.  solvensis,  Hicks, 
and  B.  shinetonensis,  Call. ;  the  former  both  Menapian  forms,  cha- 

racterizing the  Tremanhire  or  Solva  and  Ramsey-Island  beds,  St. 
David's. 

Cephalopoda. — None  below  the  Upper  Tremadoc. 
The  analytical  Table  No.  Y.  shows  that  28  genera  and  58  species 

occur  in  the  Lower  Tremadoc  beds  of  North  and  South  "Wales.  Three 
classes  only  are  of  numerical  importance : — the  Crustacea  with  13 
genera  and  24  species  ;  the  Brachiopoda,  with  5  genera  and  11 
species ;  the  Lamellibranchiata,  5  genera  and  12  species.  These 
3  groups  constitute  the  mass  of  the  known  genera  and  species,  or 
23  out  of  29  genera  and  47  out  of  59  species. 

Table  V. — Lower  Tremadoc. 

From 

Upper 
Lingula- flags. 

Classes. Genera. 
Species. 

Pass  to 

Upper Tremadoc. 

Plantas. 
Protozoa. 
Hydrozoa. Actinozoa. 

2 2 
Annelida., 

4 4 13 
24 

4 4 1 1 Bryozoa. 1 1 
5 11 6 

Lamellibranchiata. . . 5 12 
Gasteropoda. 

1 5 1 3 
1 3 

Cephalopoda. 
S 9 28 58 9 1  3 

Upper  Tremadoc. 
Plants.— None. 
Protozoa. — None. 
Hydrozoa. — None. 
ECHINODERMATA.  None. 
Annelida. — Tracks  only. 
Crustacea. — 11  genera  and  15  species  constitute  the  Crusta- 

cean fauna  of  the  Upper  Tremadoc  ;  12  of  the  15  species  are  Tri- 
lobita ;  the  remaining  3,  Ceratiocaris  (2  species)  and  Lingulocaris, 
are  Phyllopoda,  and  the  first  of  this  order  known  in  the  British  rocks. 
Asaphus  affinis,  M'Coy,  A.  Homfrayi,  Salt., Gheirurus  Frederick  Salt., 
Bionide  atra,  Salt.,  Ogygia  scutatrix,  Salt.,  and  0.  Selwynii,  Salt., 
pass  to  the  Arenig,  and,  with  6  Brachiopoda  and  3  Pteropoda, 
constitute  the  13  uniting  forms  out  of  a  total  of  182  species  in  the 
Lower  Cambrian  rocks  and  150  in  the  Arenig. 

The  following  5  Crustacea  only  are  confined  to  the  Upper  Tremadoe 
— Angelina  SedgwicJcii,  Gonocoryphe  olenoides,  Olenus  impar,  Geratio- 

ris  latus,  and  Lingulocaris  lingulocomes.   I  am  careful  to  name  these 
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as  the  first  zoological  or  palseontological  break  between  the  Lower  and 
Upper  Cambrian,  or  the  Cambrian  and  Silurian,  takes  place  here, 
and  that  without  any  stratigraphical  or  physical  unconformity.  INo 
greater  faunal  change  is  known  to  take  place  through  the  whole  of 
the  Pakeozoic  rocks  than  at  the  close  of  the  Tremadoc  or  Lower 
Cambrian. 

Bryozoa. — None  known. 
Brachiopoda. — Only  4  genera  and  7  species  occur  ;  and  6  of  these 

pass  to  the  Arenig.  They  have  therefore  no  stratigraphical  value. 
Obolella  Belti  is  the  single  remaining  or  restricted  form. 

Lamellibranchiata. — None  yet  known. 
Gasteropoda. — None  have  yet  occurred  below  the  Arenig. 
Pteropoda. — Conularia  and  Theca — the  first  with  1  species,  O. 

Homfrayi,  which  is  also  Arenig  :  the  latter  contains  6,  one  of  which 
{Theca  simplex)  also  passes  to  the  Arenig. 

Heteropoda. — Bellcrophon  arfonensis,  Salt.,  and  B.  midtistriatus, 
Salt.,  are  the  only  Upper-Tremadoc  species.  The  last-named  spe- 

cies is  Arenig  also. 
Cephalopoda. — Cyrtoceras  prcecox,  Salt.,  and  Orthoceras  sericeum, 

Salt.;  the  last  also  passes  to  the  Arenig ;  they  are  the  first  Cephalo- 
pods  known ;  and  it  is  doubtful  if  Cyrtoceras  prcecox  is  not  Lower 
Tremadoc  also.  The  rich  locality  Garth  yields  0.  sericeum  from  the 
upper  part  of  the  Upper  Tremadoc.  The  Arenig  of  Llanvirn  at 

St.  David's  has  yielded  the  same ;  it  is  therefore  both  a  ZSTorth- 
and  South-Wales  species,  from  the  Tremadoc  in  one  area,  the  Arenig 
in  the  other. 

Table  YI. —  Upper  Tremadoc. 

From 
Lower 

Tremadoc. 
Classes. Genera. 

Species. 

Pass  to Arenig. 

Plantse. 
Protozoa. 

Hydrozoa. 
Actinozoa. 
Echinodermata. 
Annelida. 

4 4 
11 15 

4 6 

Bryozoa. 4 C 4 7 3 6 

Lamellibranchiata. 

Gasteropoda. 
1 3 2 7 3 2 

1 2 1 

2 2 

D 
1  3 

20 33 1  1 I  6 
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Description  of  the  first  sioc  Tables. 

I  have  in  this  oldest  Cambrian  series  (from  the  Longmynd  rocks 
to  the  Upper  Tremadoc)  given  an  analytical  table  for  each  of  the 
6  formations  or  groups  of  strata.  They  cannot  be  otherwise  tho- 

roughly comprehended,  taken  as  a  whole,  without  wearisome  de- 
scription, owing  to  the  non-representation  of  some  classes,  and 

the  unequal  representation  and  distribution  of  others.  Neverthe- 
less I  have  constructed  Table  No.  VII.  for  the  whole,  to  show 

the  unequal  distribution,  the  Table  delineates  every  thing,  its 
accuracy  being  tested  through  the  six  smaller  tables  (Nos.  I.  to 
VI.),  wherein  are  given  the  analyses  of  all  the  groups  sepa- 

rately. More  than  this,  these  six  small  tables  enable  the  student 
to  see  immediately  the  numerical  value  of  each  division,  and  the 
number  of  species  that  pass  up  or  live  on  to  the  succeeding  period 
or  formation.  Again,  there  is  much  difficulty  in  following  some 
authors  through  the  many  subdivisions  and  local  names  adopted  by 
them  for  the  strata  between  the  Longmynd  group  and  the  close 
of  the  Upper  Tremadoc.  The  succeeding  Arenig,  in  which  some  of 
the  classes  are  largely  represented,  while  the  formation  is  widely  dif- 

fused geographically,  enables  me  to  show  the  distribution  in  one 
Table  (No.  VIII.);  the  same  is  also  done  for  every  succeeding  epoch. 

The  Longietnd  and  Harlech  Groups. — Table  I.  enumerates 
the  fauna  of  the  Longmynd  and  Harlech  beds  only,  chiefly  those 
of  St.  David's,  and  the  first  traces  of  life  in  the  British  Islands. 
In  this  Table  8  if  not  9  of  the  14  classes  have  no  representa- 

tives, no  species  of  them  having  as  yet  occurred ;  and,  with  the 
exception  of  the  Crustacea,  the  remaining  5  classes  are  but  feebly 
illustrated.  This  Table,  however,  at  once  lays  bare  the  fact  that  we 
are  not  tabulating  the  commencement  of  life  even  in  our  own  area ; 
both  the  rock  masses  and  the  fossils  that  do  occur,  notably  the  great 
Paradoxides,  bid  us  search  still  deeper  in  time  for  their  ancestors  as 
well  as  those  of  the  pelagic  Mollusca,  as  also  of  the  Brachiopoda 
(Lingulctz,  Obolellce,  and  others).  All  these  and  the  Lyssakine  hexac- 
tinellid  sponges  had  their  progenitors,  which  we  have  yet  to  deter- 

mine. I  doubt  not  that  much  light  will  yet  be  thrown  upon  them 
through  patient  research. 

This  first  Table  shows  that  the  Longmynd  and  Harlech  rocks  are 
known  at  the  present  time  to  possess  18  genera  and  33  species — 
the  commencement  of  life,  so  far  as  we  know.  The  Crustacea  are 
the  most  abundant  class ;  7  genera  and  14  species  occur :  these 

earliest  rocks  of  St.  David's  yield  Agnostus  cambrensis,  Hicks, 
Conocoryphe  bufo,  Hicks,  C.  Lyellii,  Hicks,  C.  solvensis,  Hicks, 
Microdiscus  sculptus,  Hicks,  Paradoocides  aurora,  Salt.,  P.  Hicksii, 
Salt.,  P.  Harhnessii,  Hicks,  P.  solvensis,  Hicks,  MS.,  Plutonia  Sedg- 
ivickii,  Hicks,  and  the  Longmynd  form  Palceopyge  Bamsayii,  Salt. ; 
the  Ostracoda  are  Leperditia  ferruginea,  L.  cambrensis,  Hicks,  and 
L.  primazva.  4  of  the  above  species  pass  to  the  Menevian— Agnostus 
cambrensis,  Conocoryphe  bufo,  Paradoocides  aurora,  and  P.  Hicksii. 
Out  of  the  6  species  of  Brachiopoda,  4  also  pass  to  the  Menevian — 
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97 Lingulella  ferruginea,  Salt.,  and  var.  ovalis,  Hicks,  Orthis  sagittalis, 
and  Distinct  pileolus.  The  special  or  restricted  forms  are  only  2 — 
Discina  cacrfaiensis,  Hicks,  MS.,  and  Lingulella  primaiva,  Hicks. 
The  Plants  ?  and  Protozoa  are  mentioned  nnder  those  heads  in  the 

analysis.  The  table  shows  that  8  out  of  the  14  classes  are  not  repre- 
sented in  the  Harlech  group.  That  they  will  remain  so  under  re- 
newed search  and  scrutiny  I  much  doubt.  Each  year  adds  some 

new  form  to  these  once  believed  to  be  unfossiliferous  strata.  North 
Wales  has  yet  to  yield  up  from  these  rocks  a  fauna  equal  to  that 

of  South  "Wales. 
Menevian. — Table  II.  gives  us  all  that  is  known  of  the  Menevian 

fauna  and  its  relation  to  the  Harlech  series  and  the  succeeding 
Lower  Lingula-flags,  of  which,  indeed,  it  is  but  the  base ;  for  out 
of  the  24  genera  and  51  species  in  the  Menevian,  13  of  the  former 
and  19  of  the  latter  are  common  to  the  two.  Of  the  Crustacea  8  of 
the  12  known  genera,  including  14  species,  are  the  same — viz. 
Agnostus  (A.  Daviclis,  A.  scutalis),  Anopolenus  {A.  Eenrici,  A.  Sal- 

ter i),  Conocoryphe  (C.  applanata,  G.  humerosa,  O.  variolaris),  Holo- 
cephalina  (H.  primordialis),  Leperditia  (L.  HicJcsii),  Primitia  (P. 
solvensis),  Microdiscus  (M.  punctatus),  Paradoxides  (P.  aurora, 
P.  Davidis,  and  P.  Hicksii) ;  and  3  of  the  4  genera  of  Brachiopoda, 
Lingulella  (L.  ferruginea),  Obolella  (0.  maculata),  and  Orthis  (0. 
sagittalis).  Of  the  6  species  of  Pteropoda,  only  1  is  common  to  the 
2  groups,  namely  Theca  corrugata.  The  Menevian  is  united  to 
the  Harlech  and  Longmynd  rocks  through  8  genera  and  12  species. 
The  Crustacea  by  3  genera  with  4  species,  viz.  Agnostus  (cam- 
hrensis),  Conocoryphe  (hufo),  Paradoxides  (P.  aurora  and  P.  Hicksii) ; 
and  the  Brachiopoda  the  same,  Discina  (pileolus),  Lingulella  {fer- 

ruginea and  var.  ovalis),  and  Orthis  (sagittalis).  The  Lyssakine 
sponge  (Protospongia)  and  Theca  penultima  complete  the  alliance. 
8  of  the  14  classes  are  not  represented.  The  first  Cystidean, 

Protocystites  menevensis,  Hicks,  occurs  in  the  Menevians  of  St.  David's. 
11  new  genera  (not  known  in  the  Harlech  group)  first  occurred  in 
the  Menevian  sea  ;  6  are  Crustacea,  2  Pteropoda,  1  Cystidean,  1  An- 
nelide,  and  1  Brachiopod  ?  jSTo  species  pass  from  the  Menevian  to 
the  Middle  or  Upper  Lingula-flags. 

Lower  Linofla-elags. — Table  III.  But  for  the  Crustacea,  the 
Lower  Lingula-flags  would  have  no  value  as  a  subformation ;  they 
are  but  the  upper,  continuous  development  of  the  Menevian.  Only 
one  genus  of  Crustacea,  the  Phyllopod  Hymenocaris,  is  new  to  the 
Lower  Lingula-flags  ;  the  remaining  8  are  also  Menevian ;  and  14  of 
the  25  crustacean  species  also  occur  in  the  Menevian  below.  Still 
further,  of  the  17  known  Lower  Liu  gula-flag  genera,  13  are  Mene- 

vian ;  and  this  close  association  is  more  marked  still  from  the  fact 
that  only  2  species  pass  to  the  Middle  and  8  to  the  Upper  Lingula- 
beds ;  so  that  there  is  a  greater  difference,  between  the  Lower  and 
Upper  Lingula-beds  themselves  than  between  the  former  and  the 
underlying  Menevian.  The  Upper  Lingula-flags,  through  their 
Crustacea,  8  genera  and  30  species,  stand  alone. 

Upper  Lingtjla-elaos. — Table  IV.    Out  of  a  community  of  17 
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genera  and  36  species  in  the  Lower,  and  16  genera  and  41  species  in 
the  Upper  Lingula-flags,  only  8  genera  and  8  species  unite  the  two 
groups  :  they  are  5  Trilobita  and  3  Brachiopoda — namely  Anopolenus 
SaZteri,  Hicks,  Microdiscus  punctatus,  Salt.,  Agnostus princeps,  Salt., 
Paradoxides  Hicksii,  Salt.,  P.  aurora,  Salt.,  Lingulella  Davisii,  L. 
lepis,  and  Orthis  sagittalis.  Only  4  classes  are  represented  in  the 
Upper  Lingula-flags,  the  Annelida,  Crustacea,  Bryozoa,  and  Brachio- 
poda.  The  remaining  10  have  no  representative  whatever.  16 
genera  and  41  species  occur  in  the  Upper  Lingula-beds  ;  8  genera  and 
30  species  are  Crustacea,  and  5  genera  and  8  species  Brachiopoda ; 
there  are  2  Annelida,  and  1  BryozooD,  Dictyonema.  9  genera  and 
10  species  pass  to  the  Lower  Tremadoc. 

Lower  Tremadoc. — Table  V.  The  Lower  Tremadoc  fauna  nume- 
rically consists  of  28  genera  and  58  species;  and  the  fauna  is 

compact  and  characteristic.  Only  8  genera  and  9  species  appear 
from  the  Upper  Lingula-flags  below :  4  of  them  are  Crustacea ;  and 
5  are  Brachiopoda,  and,  with  Dictyonema,  complete  the  incomiug 
species.  The  one  remarkable  feature  in  the  group  is  the  presence 
and  first  appearance  of  5  genera  and  12  species  of  Lamellibranchiata. 
Dr.  Hicks  discovered  them  in  the  Upper  Tremadoc  beds  on  Ramsey 
Island.  They  mark  an  epoch  in  the  history  of  the  class.  Davidia 
and  Glyptarca  are  new  genera,  Modiolopsis,  Palcearca,  and  Cteno- 

donta  receive  Mr.  Hicks's  8  other  species.  Until  this  class  is 
found  in  lower  beds,  these  12  species  identify  the  Lower  Tre- 

madoc of  llamsey  Island  as  an  important  horizon  in  time  and  space. 
Only  4  of  the  13  genera  and  4  of  the  24  species  of  Crustacea  pass 
to  the  Upper  Tremadoc ;  they  are  Agnostus  princeps,  Ampyx  prai- 
nuntias,  Olenus  alatus,  and  DUcelocephalus  furca  ;  and  4  genera  and 
6  of  the  12  species  of  Brachiopoda  also  connect  the  Upper  with 
the  Lower  Tremadoc  •  they  comprise  the  following — Lingula  pe- 
talon,  Lingulella  lepis,  Obolella  Belti,  0.  plicata,  Orthis  Carausii, 
and  0.  lenticularis.  These  and  Theca  ovata,  T.  bijugoscc,  and  T.  eus- 
pidata,  in  all  9  genera  and  13  species,  constitute  the  transgressing 
fauna. 

Upper  Tremadoc — Table  VI.  Nine  whole  classes  are  wanting 
in  this  uppermost  division  of  the  Lower  Cambrian  rocks.  Only  20 
genera  and  33  species  compose  the  fauna  of  the  Upper  Tremadoc. 
We  have  seen  that  9  genera  and  13  species  pass  from  the  Lower  Tre- 

madoc, thus  leaving  only  11  genera  and  20  species  as  truly  belong- 
ing to  the  Upper  Tremadoc.  More  than  50  per  cent,  of  the  species 

pass  to  the  Arenig,  or  11  genera  and  16  species.  These  few  species 
little  affect  the  question  of  the  palasontological  break  that  takes 
place  here  ;  for  42  new  genera  and  133  new  species  make  their  ap- 

pearance in  the  succeeding  Arenig,  through  some  physical  changes 
accompanying  the  zoological,  which  we  have  not  yet  been  able  to 
satisfactorily  discover.  Unconformity  between  this  group  and  the 
Arenig  is  not  known  in  the  typical  areas  of  South  and  North  Wales ; 
but  at  no  time  in  the  history  of  the  lowest  Palaeozoic  rocks  has  appa- 

rent extinction  on  the  one  hand,  and  migration  from  some  unknown 
area  in  the  other,  taken  place  so  markedly.  We  have  yet  to  learn  or 
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trace  whence  came  for  the  first  time  the  17  genera  of  Hydrozoa,  the 
17  genera  of  Crustacea,  5  Annelida,  3  genera  of  Brachiopoda,  and  5 
of  other  Hollusca,  &c,  all  presenting  a  different  facies,  or  an  aspect 
having  little  affinity  with  the  previously  existing  fauna.  The  advent  of 
the  17  genera  and  42  species  of  Hydrozoa  and  the  35  species  of  Crus- 

tacea, all  new  forms  and  widely  spread,  has  still  to  be  explained. 
The  13  species  connecting  the  Upper  Tremadoc  with  the  Arenig 
belong  chiefly  to  the  Crustacea  and  Brachiopoda,  these  two  classes 
yielding  13  out  of  the  16  species.  The  6  Crustacea  are  Asaphus 
affinis,  M'Coy,  A.  Homfrayi,  Salt.,  Cheintrus  Frederici,  Salt.,  Dionide 
atra,  Salt.,  Ogygia]scutatrix,  Salt.,  and  0.  Sdwynii,  Salt.;  and  the 
Brachiopoda,  Lingula  petcdon,  Hicks,  Lingidella  Davisii,  M'Coy,  L. 
lepis,  Salt.,  Obolella  plicata,  Hicks,  Orthis  Carausii  (Hicks),  and 
0.  lenticidaris.  With  these  are  Theca  simplex.  Salt.,  Conidaria 
Homfrayi,  Salt.,  and  Bellerophon  midtistriatiis,  Salt. 

The  Table  numbered  VII.  embraces  or  shows  the  numerical  value 
and  stratigraphical  distribution  of  the  species  through  all  the  Lower 
Cambrian  divisions,  or  from  the  Longmynd  and  Harlech  group  to 
the  close  of  the  Tremadoc,  and  also  shows  in  the  last  column,  headed 

"  Pass  to  Arenig,"  the  number  of  species  that  pass  to  that  forma- 
tion, or  the  base  of  the  Silurian  as  now  recognized  by  many  syste- 

matists.  It  will  be  seen  that  11  genera  and  16  species  (J  J)  pass 
to  the  Arenig ;  and  this  mode  of  expressing  the  connexion  between 
the  lower  and  succeeding  formations  is  carried  through  all  the 

Tables.  Thus  the  right-hand  column  shows"  the  number  of  species 
passing  up  to  the  succeeding  formation,  and  the  left-hand  column 
(in  all  the  Tables  but  this)  those  that  came  from  an  older  or  lower 
series.  As  this  special  Table,  and  also  Table  No.  I.,  shows  the 
commencement  of  life  in  the  lowest  rocks  of  the  British  Islands, 
there  are  no  forms  older  than  those  expressed  by  the  number  61  genera 
and  182  species.  Their  ancestors  we  know  not ;  neither  do  we 
know  whence  was  derived  the  fauna  given  under  the  11  classes.  The 
6  smaller  Tables  distinctly  show  the  more  immediate  relation  of  the 
several  divisions  of  the  Lower  Cambrian  rocks :  nevertheless  this 
completer  Table  is  of  value,  showing,  as  it  does,  the  whole  range 
from  the  Longmynd  rocks  to  the  top  of  the  Tremadoc. 

I  have  endeavoured  in  my  analysis  of  this  Table,  as  in  all  the 
subsequent  ones,  to  express  in  words  the  result  of  the  figures, 
without  which  the  Tables  would  merely  enumerate  the  facts  of 
occurrences  of  no  value  to  the  student  of  geology  and  paleontology  ; 
and  although  of  necessity  tautology  must  be  frequent,  yet  the 
explanation,  it  is  believed,  will  be  clear.  Throughout  the  whole 
of  the  Tables  (and  there  is  one  for  each  epoch)  the  genera 
and  species  are  given  in  the  simplest  form  — the  upper  figure 
in  each  square  (and  under  each  formation)  enumerating  the  num- 

ber of  genera  in  the  respective  horizons,  and  the  lower  figure 

demonstrating  the  number  of  species,  thus  :      ̂ pec^es  •  This  at  once 
gives  the  census  both  zoologically  and  stratigraphically ;  i.e.  there  are 
4  genera  and  20  species  in  the  given  horizon  or  formation.    In  this 
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Table  or  record  of  the  earliest  rocks  known,  the  numerous  blanks 
show  that  the  classes  were  not  represented  or  had  not  appeared 
in  the  British  Isles ;  but  as  we  proceed  through  the  formations  we 
find  that  in  time,  or  as  life  progresses,  all  the  classes  become  repre- 

sented. The  study  of  these  Tables  with  the  description  may  be 
useful ;  and  it  is  hoped  they  will  be  found  not  far  from  the  truth, 
and  exhibit  the  present  state  of  our  knowledge  of  the  British  species and  their  distribution  in  time. 

Table  VII. 

Classes. 

Plants?  
Protozoa  
Actinozoa. 
Eckinoderniata . . . 
Annelida   
Crustacea   

Bryozoa  , 
Bracliiopoda  
Lamellibranchi  ata 

Gasteropoda. 
Pteropoda  
Heteropoda   
Cephalopoda  

o O 3 
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12 
28 103 
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1 6 
9 2 
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61  182 
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Arenig  Rocks. 

The  Arenig  or  Skiddaw  group  of  Sedgwick,  immediately  under- 
lying the  Llandeilo  flags,  forms  the  base  of  the  true  Silurian  rocks. 

From  Arenig-fawr  Prof.  Sedgwick  and  Mr.  Salter  obtained  two  of 
the  characteristic  fossils,  Calymene  parvifrons  and  Ogygia  Selwyni. 
Sedgwick  recognized  these  beds  as  being  different  from  the  Llandeilo 
above,  and  called  them  Arenig  slates,  believing  them  at  the  time  to 
be  the  top  of  his  Ffestiniog  group.  The  group  is  distinctly  recog- 

nized in  the  lead-mining  district  of  the  Stiperstones  area,  east  of 
the  Longmynd,  underlying  the  true  Llandeilo  flags  of  Shelve  and 
Corndon  Hill,  the  Lower  Llandeilo  of  Murchison.  Salter  first  recog- 

nized the  Arenig  group  near  St.  David's,  passing  upwards  into  the 
Llandeilo  flags,  which  are  so  finely  shown  at  Abereiddy  Bay.  The 
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distinctness  of  the  Arenig  from  the  succeeding  Llandeilo  is  clear, 
both  physically  and  paheontologically.  The  following  table  exhibits 
most  of  the  type  forms  occurring  in  the  Arenig  and  the  Llandeilo : — 

Ogygia  peltata   
 Selwynii   

Calyinene  parvifrons  . 
iEglina  binodosa   

 grand  is  
 caliginosa  

Trinucleus  Murcbisoni 
 G-ibbsii  

Orthoceras  Avelinii 
Obolella  plurnbea  . . . 
Cucullella  anglica 
Encrinites,  ?  sp.  ... 

Asapbus  tyrannus  
 peltastes  

Ogygia  Bucbii,  Tar.  convexa 
Calymene  cambrensis   
Trinucleus  favus   
Licbas  patriarcbus   , 
Belleropbon  bilobatus  
Helicotoma   
Lingula  granulata   

 attenuata  
Ortbis  striatula  

 calligrauima   , 
Ctenodonta,  ?  sp  , 

Ogygia  (Asapbus)  corndensis 
 Bucbii   

Barrandia  (Ogygia)  radians 
 Oordai   , 

Calymene  duplicata  
Trinucleus  fimbriatus   
Cbeirurus  Sedgwickii   
Ampyx  nudus   
Agnostus  Maccoyi   
Lingula  Bamsayi  
Belleropbon  perturbatus  
Murcbisonia  simplex   
Modiolopsis  inflata   
Didymograptus  Murcbisoni 
Ortbis  calligrauima   12 

©  5 

o  s 

*? 

14? 

la  a 

16 

St.  David's,  Whitesand  Bay, 
Stipersfcones  and  N.  Wales. 

f  Tai-birion,near  Arenig-fawr. 

\  Shropshire. 

Cefn-y-Grwynlle  (Stiper- stones). 
Wbitesand  Bay. 

Stiperstones. 

I  Every w Everywhere  in  L.  Llandeilo. 

Fairfacb,  near  Llandeilo. 

Gilwern,  near  Builtb. 
Abereiddy  Bay. 

)■  Builth  and  Abereiddy  Bay. 

Abereiddy. 

Builth. 

"  The  great  break  in  organic  life  between  the  Tremadoc  slates 
and  the  Arenig  or  Skiddaw  group  determined  Salter,  after  working 

vol.  xxxvn.  i 



102  PEOCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY. 

out  the  two  faunse  in  the  Tremadoc  area  in  1853,  to  regard  the 

Arenig  as  the  base  of  the  Upper  Cambrian  of  Sedgwick  "  *.  Phillips 
regarded  the  Arenig  as  the  upper  or  terminal  member  of  the  Middle 
Cambrian.  Upon  fossil  evidence  we  may  commence  the  Upper 
Cambrian  of  Sedgwick  with  the  Arenig  series,  which  is  represented 
in  the  "  Stiperstones "  district.  It  was  not  until  1859  that  Mur- 
chison  and  Salter  described  the  fossils  of  that  area,  although  Sedg- 

wick in  1843  established  the  Arenig  group,  and  subsequently 
obtained  the  same  fossils  from  the  Skiddaw  Slates,  which  were 

described  by  M'Coy  previous  to  1851.  Salter,  from  the  majority  of 
the  fossils  in  the  Tremadoc  and  Arenig  groups,  considered  (and,  I 
believe,  rightly)  that  the  Tremadoc  is  the  "  natural  termination  " 
of  the  Ffestiniog  or  Middle  Cambrian  series,  and  the  Arenig  the 

base  of  Sedgwick's  Upper  Cambrian.  Lyell  adopted  this  view  in  his 
manual;  and  Hicks  and  others  have  followed  Salter  in  thus  placing  the 
two  groups.  In  the  Cambridge  Catalogue  the  Arenig  is  treated  partly 
as  an  intermediate  group ;  and  although  it  is  4000  or  5000  feet  in 
thickness,  yet  the  number  of  known  species  is  few — about  60,  all 
named,  in  the  Woodwardian  Catalogue. 

That  there  is  a  perfect,  continuous,  and  conformable  succession 
from  the  Tremadoc  into  the  Arenig  rocks,  admits  of  no  doubt.  It 
is  true  that  this  is  seldom  seen,  even  in  the  areas  where  they  are 
typically  developed.  In  the  Shelve  and  Stiperstones  districts,  where 
36  species  are  known,  and  in  the  Skiddaw  area,  yielding  76,  no 
downward  stratigraphical  succession  has  been  truly  or  definitely  de- 

termined. The  Arenigs  seem  to  stand  alone,  especially  in  Westmore- 
land, where  no  older  stratified  rocks  occur  with  which  to  compare 

them.  In  South  Wales,  however,  at  St.  David's,  their  base  rests  upon 
the  Tremadoc,  and  their  summit  is  overlain  by  the  Llandeilo  beds  of 
Abereiddy  Bay,  both  clearly  defined.  The  three  divisions  here  have 
yielded  no  less  than  96  species,  40  of  which  are  Hydrozoa,  and  31 
Crustacea.  Every  Graptolite  here  makes  its  first  appearance  in 
time  ;  none  are  known  below  the  Arenig  rocks.  Six  Crustacea  out 
of  the  31  are  derived  from  the  Tremadoc,  and  only  3  pass  to  the 
Llandeilo ;  therefore  22  species  are  peculiar  to  the  Arenig.  Indeed, 
out  of  the  whole  Areirig  fauna,  comprising  149  species,  all  but  38 
are  restricted  to  it.  No  more  distinct  group  occurs  in  the  British 
Islands. 

Aeenig  Rocks  of  Nokth  Wales. 

Professor  Sedgwick,  in  1852,  described  the  Arenig  slates  and 
porphyries  of  North  Wales  as  forming  a  distinct  and  well-marked 
subgroup  in  his  previously  named  "  Ffestiniog  group,"  and  as  rest- 

ing, upon  the  underlying  Tremadoc  slate.  It  is  also  the  "great 
group  of  roofing-slate  and  contemporaneous  porphyry  "  described  as 
occurring  in  the  chains  of  Arenig,  Arran  Mowddwy,  and  Cader  Idris, 
and  in  the  Ffestiniog  mountains,  or  the  western  base  of  the  Arenigs 
and  Arran,  and  probably  the  Stiperstone  rocks.    For  many  years 

*  Catalogue  of  the  Collection  of  Cambrian  and  Silurian  Fossils  in  the  Geolo- 
gical Museum  of  the  University  of  Cambridge,  p.  18. 
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the  elucidation  of  the  true  position  of  the  Arenig  group  in  North 
Wales  remained  a  doubtful  matter ;  probably  the  slates  of  Angers 
are  of  the  same  age.  Mr.  Salter  did  much  in  1853  to  unravel  the 
structure  of  the  Portmadoc  area,  and  was  enabled  to  correct  the 
nomenclature  and  distribution  of  the  so-called  Lower  Llandeilo 
rocks  of  the  Penrhyn  promontory,  between  Traeth-bach  and  Traeth- 
mawr,  and  of  the  country  to  the  east,  towards  the  Arrans.  The 
succession  across  the  Penrhyn  promontory,  from  the  Lingula-flags  to 
the  Arenig  beds,  is  complete  ;  and  it  is  here  that  the  Tremadoc  slates 
and  Arenig  beds  are  typically  developed  in  North  Wales,  the  close 
of  the  Tremadoc  and  base  of  the  Arenig  being  everywhere  marked 

by  the  presence  of  a  well-defined  band  of  41  grit,"  varying  in  thick- 
ness. The  position  of  this  grit  had  long  been  fixed  by  the  late  Mr. 

Salter  in  his  Penrhyn  section  ;  but  it  was  left  for  Professor  Ramsay, 
in  1874,  with  Professor  Hughes,  Mr.  Homfray,  and  myself,  to  trace 
this  zone  from  Ogof-dua,  near  Criccieth,  to  Drws-dwgoed,  under 
the  Dolbenmain  alluvium,  and  on  to  Tai-hirion ;  and  in  1875  the  late 
Mr.  Ward  and  Mr.  Herbert  continued  and  completed  the  survey  of 
it  west  of  the  Arenig  and  the  Arrans  on  to  Cader  Idris,  until  last 
seen  passing  under  the  sea  at  Towyn.  This  line  is  the  base  of 

Sedgwick's  Arenig  slates  and  porphyries,  and  of  the  great  roofing- 
slate  series  of  the  Ffestiniog  area.  Although  occasionally  obscured 
by  faults,  it  is  never  lost,  and  must  be  traced  by  all  who  would 
understand  the  succession  in  North  Wales  between  the  Tremadoc  and 

Arenig  series.  The  fossils,  when  seen,  at  once  determine  the  posi- 
tion— Psilocephalus  innotatus,  Niobe  Homfrayi,  Asaphus  Homfrayi, 

Lingulella  Davisii,  and  Dictyonema  sociale  illustrating  the  lower  part 
of  the  Tremadoc,  and  Angelina  SedgiuicJcii,  Asaphus  Homfrayi,  and 
Ogygia  scutatrix  at  Garth  and  Penclogwyn  the  upper  ;  whereas,  suc- 

ceeding the  grit-band  above  named,  at  Ty-obry,  Tai-hirion,  &c,  Galy- 
mene  Murchisoni,  Asaphus  affinis,  Dionide  atra,  and  JEglina  caliginosa 
are  the  characteristic  forms,  being  Arenig  fossils.  Only  about  16 
species  connect  the  two  groups.  This  physical  line,  when  once  deter- 

mined, is  a  marked  feature  at  the  base  of  the  Arenigs,  dividing  the 
two  formations.  Beneath  the  grit  at  Garth  Hill  and  Deudreath  occur 
the  upper  beds  of  the  Upper  Tremadoc  slates  (hard  grey  flags),  rich 
in  fossils,  including  Asaphus  Homfrayi,  Angelina  JSedgwicJcii,  Ogygia 
scutatrix,  Liagulocaris  lingulcecomes,  Cheirurus  Frederici,  and  Oo- 
nularia  corium.  These  hard  grey  beds  at  the  top,  some  would 
separate  from  the  Tremadoc  group,  purely  upon  palaeontological 
grounds,  or  because  certain  species  above  named  are  common  to  the 
two  horizons.  Some  regard  must,  however,  be  paid  to  stratigra- 
phical  evidence. 

There  is  no  distinct  passage-bed  containing  fossils  between  the 
Upper  Tremadoc  and  the  Arenig.  Through  the  Portmadoc  district 
the  two  groups  are  separated  by  a  peculiar  band  of  felspathic  grit, 
which  intervenes  to  cut  off  the  upper  (volcanic)  series  from  the  true 
Tremadoc  slates  below.  This  felspathic  grit,  variously  conditioned, 
may  be  traced  along  Tr-allt-wen,  above  Tremadoc,  and  across  the 
estuary  of  Treath  Maw ;  it  constitutes  the  brow  of  the  Garth,  and 

i2 
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ranges  under  the  foot  of  Moelwyn  to  the  Manod  mountains  on  the 
east.  This  zone,  all  along  its  course,  indicates  and  ushers  in  a  new 
set  of  conditions,  physical  and  palseontological.  No  Graptolites 
occur  below  this  line  anywhere  ;  but  in  the  black  slates  immediately 
overlying  it  at  Garth  &c.  they  occur  in  plenty,  associated  with  cer- 

tain species  of  Homalonotus,  Asaphus,  Calymene,  JEglina,  and  Bio- 
nide,  accompanied  by  Conularia  and  Lamellibranchs ;  and  among  the 
lower  beds  of  the  volcanic  rocks  of  the-Manods  Calymene  par vifrons 
and  Trinucleus  Murchisoni  occur,  accompanied  still  further  eastward 
by  Ogygia  Selwynii,  the  species,  of  all  others,  which  characterizes  the 
Arenig  rocks  of  Shelve  and  Skiddaw,  and  occurs  at  Llanfaelrhys,  in 
South  Caernarvonshire,  associated  with  Lingula  attenuata  and  Gfrap- 
tolithus  Murchisonii.  This  classification  is  borne  out  by  the  persis- 

tent position  of  the  grit  which  everywhere  separates  the  two  hori- 
zons palseontologically  as  well  as  stratigraphically,  the  mass  of  the 

Arenig  with  its  peculiar  fauna  not  occurring  until  the  grit  is 
passed.  No  species  of  Ehabdophora  is  known  below  this  grit  (their 
first  appearance  being  in  the  Arenig  rocks);  and  although  the 
Arenig  Graptolithidse  are  rare  in  North  Wales  (4  species),  as  com- 

pared with  Skiddaw  (27  species),  or  with  South  Wales,  St.  David's 
(18  species),  still  the  distinct  Crustacea  must  be  held  as  significant. 
Again,  comparing  the  value  of  the  same  formation  in  North  and 
South  Wales,  it  is  important  to  remember  that,  of  the  whole  Arenig 
fauna  in  South  Wales  (97  species),  only  5  north-west  forms  are 
common  to  the  two  areas :  these  are  Calymene  parvifrons,  Ogygia 
Selwynii,  JEglina  caliginosa,  Lingulella  Davisii,  and  Orthis  lenticu- 
laris.  26  Trilobites,  8  Brachiopoda,  38  Ehabdophora,  and  3  Ptero- 
poda  are  peculiar  and  confined  to  South  Wales.  Thus  amongst  the 
same  group  of  rocks  the  correlation  of  species  is  a  difficult  question, 
even  over  so  small  a  geographical  area  as  Wales. 

The  dark  slates  at  Ty-obry,  which  immediately  overlie  the  grit, 
contain  Calymene  parvifrom,  ̂ Eglina  caliginosa,  and  Dionide  atra, 
associated  with  Diplograptus  mucronatus,  Climacograptus  confertus, 
and  Glossograptus  ciliatus,  all  Lower-Arenig  species.  Palaiarca 
socialis  and  a  species  of  Ctenodonta  are  the  only  North- Welsh 
bivalves,  and  Conularia  corium  and  C.  margaritifera  the  only  two 
Arenig  Pteropods  known  in  North  Wales.  None  of  these  occur  in 

the  Arenig  series  of  St.  David's,  and  none  pass  to  the  Llandeilo 
group  in  any  area. 

The  researches  of  Dr.  Hicks  at  St.  David's  have  resulted  in  greatly 
advancing  our  knowledge  of  Sedgwick's  group  in  that  area*.  In 
his  paper  upon  "  the  Succession  of  the  Ancient  Eocks  of  St.  David's," 
Dr.  Hicks  draws  attention  to  the  history  of  the  names  Arenig  and 
Llandeilo  groups,  and  explains  the  manner  in  which  the  two  series 
were  confounded  by  one  of  the  authors  who  have  written  upon  them, 
and  how  the  slates  above  and  below  the  Arrans  and  Arenigs  were 
by  him  and  the  Geological  Survey  classed  as  equivalent  to  Llandeilo 
flags  of  Builth  &c. 

The  St.-David's  Arenigs  consist  mostly  of  black  slates,  resting 
*  Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  pp.  167-194. 
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conformably  upon  the  Tremadoc  group  on  the  N.  and  N.E.  side  of 
the  anticlinal,  and  they  may  be  continuously  traced  for  many  miles. 
They  occur  also  at  Ramsey  Island,  and  are  there  4000  feet  thick, 
chiefly  deep-sea  deposits,  and  must  have  been  of  great  duration,  as 
proved  by  their  varied  and  distinct  faunas. 

Dr.  Hicks  divides  the  Arenig  group,  through  its  zonal  contents, 
into  three  subgroups,  the  Lower,  Middle,  and  Upper  Arenig.  The 
lower,  or  black  slaty  Arenig,  strikes  E.N.E.  and  W.S.W.,  and  has 
a  vertical  dip.  The  cliffs  at  Whitesand  Bay  and  Road-uchaf,  in 
Kamsey  Island,  yield  the  chief  fossils.  Numerous  species  of  Grap- 
tolites  have  been  obtained  from  this  lower  subgroup  ;  the  Trilobites 
Asaphus  Homfrayi,  and  Ogygia  scutatrix,  with  Conularia  Homfrayi 
and  Lingulella  Davisii,  especially  characterize  this  lower  division,  and 
are  associated  with  Phyllograptus  stella,  Trigonograptus  ensiformis, 
Callograptus  radiatus,  and  Ptilograptus  Hicksii.  Dr.  Hicks  enume- 

rates 25  species  from  this  division,  28  from  the  middle,  and  33  from 
the  upper*.  Asaphus  Homfrayi,  Ogygia  scutatrix,  and  Conularia 
Homfrayi  are  Upper-Tremadoc  as  well  as  Lower-Arenig  forms,  and 
connect  the  two  formations.  I  am  not  aware  that  Lingulella  Davisii 
ever  again  appears  above  this  horizon  in  the  Cambro-Silurian  rocks. 
The  middle  slaty  and  flaggy  groups  are  also  best  seen  at  Whitesand 
Bay.  In  1860  Mr.  Gribbs,  the  late  fossil-collector  for  the  Survey, 
obtained  a  few  fossils  here.  The  characteristic  Trilobite  Trinucleus 
Gibbsii  was  first  obtained  by  him  at  Whitesand  Bay,  and  subsequently 
in  the  Skiddaw  beds.  This  locality  has  furnished  Ogygia  bullina,  0. 
peltata,  JEglina  grandis,  Trinucleus  Gibbsii,  T.  Sedgwickii,  Ampyx 
Salteri,  Lingula  petalon,  and  Orthoceras  sericeum,  with  6  genera  and 
11  species  of  Rhabdophora ;  all  the  above  are  essentially  character- 

istic of,  and  confined  to  the  middle  subdivision.  Of  the  Graptolites 
the  chief  are  Tetragraptus  crucifer,  T.  serra,  T.  Hicksii,  T.  Halli, 
Clematograptus  implicatus,  Callograptus  elegans,  and  C.  Salteri. 

Lithologically  the  Upper  Arenigs  resemble  the  Lower,  being  fine- 
grained dark  shales,  1500  feet  thick ;  they  underlie  the  true  Lower 

Llandeilo  near  Abereiddy  Bay,  and  are  conspicuous  for  the  new  and 
distinctive  fauna  and  the  first  appearance  of  many  genera  of  Trilo- 

bites, distinctly  marking  a  complete  and  progressive  change  from  the 
fauna  of  the  Tremadoc  below  towards  the  introduction  of  succeeding 
Llandeilo  forms.  Llanvirn  quarry  has  yielded  to  Dr.  Hicks  a  rich 
group  of  species  "  distinct  from  any  previously  discovered  in  any 
part  of  the  Arenig  series  at  St.  David's  "t.  Most  of  the  genera  are 
new ;  and  several  genera  which  appear  for  the  first  time,  culminate 
in  the  Llandeilo  and  Caradoc  rocks;  these  are  Hlcenus,  Illcenopsis, 
Barrandia,  and  Phacops,  each  having  a  representative  species,  and 
Placoparia,  this  last  a  genus  new  to  Britain,  hitherto  only  known  in 
France,  Bohemia,  and  Spain.    The  occurrence  here  of  this  genus  is 

*  These  numbers  are  doubtless  in  excess ;  v'many  forms  must  give  way  on critical  examination,  numerous  species  being  made  upon  fragments  only. 
Mr.  Lapworth  has  already  reduced  them  considerably.  The  Arenig  of  St. 
David's  may  yield  25  species ;  the  whole  Arenig  probably  about  50  species. t  Dr.  Hicks,  Quart.  Journ.  Geol.  Soc.  vol.  xxxi.  p.  174. 
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important  as  bearing  both  upon  distribution  and  correlation.  Again, 
the  Gasteropoda  first  appear  in  Britain  in  the  Upper  Arenigs  of  St. 

David's  (Pleurotomaria  llanvirnensis,  and  Ophileta  or  RapJiistoma). 
Yet,  strangely,  we  have  no  record  of  any  Lamellibranchs  through 
the  whole  of  the  Arenig  group  in  South  Wales  ;  4  species  are  known 
from  the  Stiperstones  area,  and  2  from  Ty-obry,  in  North  Wales.  It 
will  be  remembered  that  no  less  than  12  species  occur  below  in  the 
Lower  Tremadoc  rocks  of  the  same  area.  The  value  of  this  upper 
division  of  the  Arenig  group  in  South  Wales  is  enhanced  by  its  re- 

semblance to  Barrande's  Etage  D  1  (Bohemia),  and  its  close  relation 
to  the  fauna  found  in  the  Arenig  slates  in  North-west  Prance.  The 
recognized  presence  of  this  stage  in  Britain  enables  us  to  correlate 
our  beds  with  those  on  the  continent,  and  thus  establish  a  general 
succession  for  the  Western-European  and  Western-British  rocks  of 
this  age. 

This  result  is  due  to  the  researches  of  Dr.  Hicks,  as  detailed  in 
his  valuable  papers  upon  the  history  and  succession  of  the  ancient 

rocks  of  St.  David's.  Carefully  constructed  tables,  prepared  for  the 
purpose  of  testing  the  value  of  the  Arenig  group  and  its  relation  to 
the  Tremadoc  below  and  Llandeilo  above,  clearly  show  that  it  stands 
almost  alone ;  for  of  the  55  known  species  of  Hydrozoa  in  the  Arenig, 
only  2  species  pass  to  the  Llandeilo  {Didymograptus  Murchisoni  and 
Climacograptus  confertus).  The  first  appearance  and  the  abundance 
of  the  Bhabdophora  in  the  Arenig  rocks  would  alone  justify  the  posi- 

tion now  assigned  to  it  as  the  base  of  the  Lower  Silurian  rocks  ;  only 
1  species  is  known  to  occur  in  the  Tremadoc  group  (Dendrograptus, 
from  the  Shineton  Shales  of  Shropshire).  The  crustacean  fauna  is 
equally  conclusive  ;  out  of  50  Arenig  forms  known,  only  2  (Trinu- 
cleus  llamsayi,  Hicks,  and  Homalonotus  bisidcatus,  Salt.)  unite  the 
Arenig  and  Llandeilo  through  the  Trilobita.  Out  of  the  18  species 
of  Brachiopoda,  only  3  pass  to  the  Llandeilo,  viz.  Lingida  brevis, 
L.  attenuata,  and  Orthis  ccdligramma.  No  Lamellibranch,  Pteropod, 
Heteropod,  Gasteropod.  or  Cephalopod  (of  which  united,  there  are 
30  species)  passes  to  the  Llandeilo.  Thus,  out  of  the  known  fauna 
of  149  species,  only  16  pass  upwards  into  or  are  common  to  the 
Llandeilo  beds.  150  species  make  up  the  entire  known  fauna  of 
the  Arenigs  ;  their  distribution  is  as  follows  : — 125  species  occur 
in  the  North  and  South  Wales  Arenigs,  34  from  various  localities 
in  North  Wales  (Tremadoc,  Ty-obry,  and  Tai-hirion),  and  94  in 
South  Wales ;  the  Skiddaw  species  number  50  and  the  Stiper- 

stones 36.  These  two  latter  localities  are  important ;  they  are  widely 
separated,  and  very  few  species  occur  in  common.  Of  the  50  Skid- 
daw  species  of  all  classes,  only  9  occur  in  the  area  west  of  the 
Stiperstones  in  Shropshire  ;  this  is  due  chiefly  to  the  rich  Grap- 
tolite  fauna,  which  group  is  largely  represented,  no  less  than  52 
species  occurring  in  the  Skiddaw  beds  alone.  West  of  the  Stiper- 

stones only  6  species  are  known ;  and  they  have  an  important  bear- 
ing upon  distribution  :  they  are  Didymograptus  patidus,  Hall,  D. 

geminus,  D.  hirundo,  D.  constrictus,  D.  Murchisoni,  and  Clematograp- 
tus  implicatus.    Diplograptus  dentatus  also  occurs  at  Tremadoc  and 
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Tai-hirion  in  Xorth  Wales,  and  ranges  to  both  Llandeilo  and  Caradoc ; 
Didymograptus  patulus,  D.  hirundo,  and  Clematograptus  implicatus 

are  also  present  at  St. -David's*.  Few  Hydrozoa  occur  in  the  Xorth- 
Wales  Arenigs ;  Ty-obry,  Treroadoc,  and  Tai-hirion  yield  the  few 

that  have  been  met  with.  23  species  range  through  the  St. -David's 
series,  2  of  which  only  are  common  to  the  Stiperstones  area,  viz. 
Didymograptus patulus  and  D.  hirundo;  and  5  or  6  ally  them  to 
Skiddaw.  There  is  thus  little  in  common  between  the  Arenigs  of 
Skiddaw  and  Xorth  Wales,  few  species  connecting  them.  The  rela- 

tion, however,  between  the  Skiddaw  species  and  those  of  St.  David's 
is  closer,  5  or  6  being  Graptolites,  and  2  Trilobites  ( Ogygia  Selwynii 
and  Trinudeus  Gibbsii).  These,  we  must  remember,  are  the  two 
largest  groups,  and  have  been  most  searched  for,  at  St.  Davids 
especially,  by  Dr.  Hicks,  and  in  the  Skiddaw  beds  by  Dr.  A.  Nichol- 

son, A[r.  Dover,  and  the  Survey  (through  the  late  AEr.  Ward). 
The  value  of  the  Arenig  group  is  still  more  apparent  when  we 

consider  the  development  of  life  that  accompanied  those  physical 
conditions  and  changes  which  took  place  at  the  close  of  the  Lingula- 
flag  and  Tremadoc  epochs.  We  know  that  no  less  than  40  genera 
make  their  first  appearance  in  the  Arenig  rocks  in  the  British  Islands. 
These  40  genera  belong  to  the  following  6  classes : — 

Hydrozoa  16:  Callograptus,  Denclrograptus,  Phyllograptus,  Di- 
dymograptus, Azy yog 'rapt us,  Ptilograptus,  Trigonograptus,  Tetra- 

graptus,  Climacograptus,  Nemagraptus,  Dicellograptus,  Clemato- 
graptus, Diplograptus,  Glossograptus,  Dichograptus,  and  Logano- 

graptus. 
AjsnsTiLLDA  4 :  Helmintholithes,  Stellascolites,  Nereites,  and  Pcdceo- 

chorda. 

Crustacea  11 :  JSglina,  Trinucleus,  Barrandia,  Oalymene,  Pha- 
cops,  Placoparia,  Illcenus,  Illcenopsis,  Homalonotus,  Beyrichia,  and 
Caryocaris. 

Brachiopoda  2  :  Dinobolus  and  Siphonotreta. 
Lamellirran-chiata  2  :  Ribeiria  and  Redonia. 
Gasteropoda  3:  Ophileta,  Pleurotomaria,  and  Rhaphistoma. 
The  succeeding  Llandeilo,  as  we  shall  see,  was  equally  prolific,  no 

fewer  than  48  new  genera  accompanying  the  complete  change  of 
conditions  at  the  close  of  the  Arenigs  and  commencement  of  the 
Llandeilo.  This  change  was  bridged  over  by  only  8  genera  and  9 
species  passing  to  the  Llandeilo  in  any  area ;  4  are  Hydrozoa,  2 
Crustacea  (Trinucleus  Ramsayi  and  Homalonotus  bisulcatus),  3  Bra- 
chiopoda  (Lingula  brevis,  L.  petalon,  and  Orthis  calligrarnma) ;  and 
only  3  range  into  the  Caradoc.  As  before  stated,  the  relation  of 
the  Arenig  to  the  Tremadoc  is  through  16  species,  6  of  which  are 
Brachiopoda,  6  Crustacea,  and  4  bivalve  llollusca.  Thus  122 
species  out  of  150  are  strictly  Arenig  forms  or  confined  to  that 
horizon. 

*  Fire  other  Skiddaw  species  occur  west  of  the  Stiperstones,  and,  with  the 
6  Graptolites,  tend  to  connect  the  Arenigs  of  Shropshire  with  those  of  West- 

moreland. They  are  the  Annelida  Scolithus  linearis,  Salt.,  and  Helmintholithus, 
with  Agnostus  Morei,  Salt.,  Ogygia  Selwynii,  Salt.,  and  JEglina  binodosa. 
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Nothing  can  be  more  conclusive  as  to  the  value  of  the  Arenig 
group  than  the  distinctive  part  played  by  its  characteristic  fauna 
and  its  distinct  stratigraphical  position.  Since  the  determina- 

tion by  Hicks  of  the  St.-David's  fauna,  Mr.  Marr  of  Cambridge 
recognized  some  fossiliferous  shales  south-east  of  Caernarvon,  in 
three  localities  on  the  banks  of  the  Sciont ;  these  shales  contain 
Arenig  species.  The  Trilobita  and  Brachiopoda  indicate  Arenig 
affinities  ;  and  the  Orthoceras  caereesiense  occurs  only  in  the  Arenigs 

of  Llanvirn,  near  St.  David's.  The  genus  Caryocaris  (a  new  spe- 
cies of  which  has  occurred  here,  C.  Marrii)  hitherto  has  not  occurred 

out  of  the  Skiddaw  Slates  of  Cumberland  (0.  Wrightii  being  the 
type).  The  associated  Graptolites  are  those  of  the  Skiddaw  rocks 
also,  viz.  Diclymograptus  bijidus,  D.  indentus,  and  the  Llandeilo  form 
D.  Murchisonii.  The  genus  Barrandia  would  help  to  place  these 
beds  either  in  the  Arenig  or  the  lower  part  of  the  Llandeilo  group. 
This  locality  is  suggestive  of  the  Arenig  or  Llandeilo  beds  striking 
from  Caernarvon  to  Bangor  and  Aber,  west  of  the  great  fault  that 
runs  from  Dingle  on  the  S.W.  to  Aber  on  the  N.E. 

Arenig  of  South  Wales  at  St.  David's. 
The  following  table  enumerates  all  the  species  at  present  known 

in  the  Arenig  rocks  of  St.  David's  ;  it  is  convenient  to  subdivide  the 
group  into  3  series,  both  on  lithological  and  pakeontological  grounds. 
It  will  be  seen  how  distinct  the  fauna  of  each  division  or  series  ap- 

pears. The  total  number  of  species  at  St.  David's  is  70.  The  lower 
Arenig  has  yielded  16  species,  the  middle  24,  and  the  upper  33. 
14  species  are  peculiar  or  confined  to  the  lower  series,  21  to  the 
middle,  and  30  to  the  upper.  ISTo  species  out  of  the  70  occurs  in  all 
three  divisions.  We  thus  see  how  distinctive  a  group  of  fossils 
each  subdivision  contains.  For  the  construction  of  the  Arenig  Table 
(No.  VIII.,  p.  115)  I  have  selected  18  localities  from  which  the  Arenig 
species  have  been  obtained,  and  tabulated  8  of  the  most  important. 
The  four  type  areas,  where  the  Arenig  rocks  are  present  and  well 
developed,  are : — 

1.  Westmoreland:  Skiddaw. 
2.  Shropshire :  Shelve  area. 
3.  North  Wales :  Tremadoc,  Tai-hirion,  &c. 
4.  South  Wales :  Eamsey  Island  and  St.-David's  area. 

The  chief  localities  for  fossils  are  the  following  18,  comprised  in 
the  above  4  areas  : — 

1.  Westmoreland:  Skiddaw,  Longside,  Keswick,  Outerside,  Scaafel,  White- 
side, and  Braithwaite  River. 

2.  Shropshire :  Shelve  area  (west  of  Stiperstones),  Mytton  Dingle,  Perkins 
Beech. 

3.  North  Wales :  Tremadoc,  Garth,  Ty-ohry,  Tai-hirion. 
4.  Sottth  Wales :  Eamsey  Island,  Llanvirn,  Whitesand  Bay,  and  St.  David's. 
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Arenig  Species,  St.  DavicVs. 

Species. 

ElIABDOPHORA. 

Didymograptus  extensus,  Hall   
 affinis,  Nick  
 patulus,  Hall   
 bifidus,  Hall   
 pennatulus,  Hall  
 sparsus,  Hop  
 indentus,  Hall  
 Nicholsoni,  Lapw  

Phyllograptus  stella,  Hall   
 typus,  Hall   

Trigonograptus  truncatus,  Lapw.  . . . 
 ensiformis,  Hall  

Ptilograptus  Hicksii   
Dicellograptus  divaricatus,  Hall  ... 
Diplograptus  dentatus,  Brongn  
Climacograptus  confertus,  Lapw.  ... 
Clematograptus  implicatus,  Hopk. 
Tetragraptus  crucialis,  Salt.   

 Halli,  HopJc  
 Hicksii,  HopJc  
 bryonoides,  Hall  
 quadribrachiatus,  Hall   
  serra,  Brongn  

Glossograptus  ciliatus,  Emm  

Crustacea. 

Asaphus  Horn  f ray i,  Salt  
Agnostus  hirundo,  Salt  
Am  pyx  Salteri,  Hicks  
iEglina  grandis,  Salt  

 Boia,  Hicks  
 obtusicaudata,  Hicks   

Barrandia  Homfrayi,  Hicks  
Calymene  Hopkinsoni,  Hicks  

 parvifrons,  Salt  
 ,  var.  Murchisoni,  Salt ... 

 i  SP  • 
Cheirurus,  sp.   
Ogygia  scutatrix,  Salt  

 peltata,  Salt  
 bullina,  Salt  

Illsenus  Hughesii,  Hicks  
Illsenopsis  ?  acuticaudata,  Hicks    . . . 
Placoparia  cambrensis,  Hicks  
Phacops  llanvirnensis,  Hicks  
Trinucleus  Gibbsii,  Salt  

 Sedgwickii,  Salt  
 Etheridgei,  Salt  
 Ramsayi,  Hicks   

 ,  sp  
Beyricbia,  sp  

Carried  forward 

Lower. 

11 

Middle. 

Upper. 

18 
22 
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Arenig  Species,  St.  David's  (continued). 

fepecies. .Lower. Miclclle. 

Upper. 
Brought  forward 

11 18 

22 Braciiiopoda. 

# 
* 

 >  SP-  •;  

* 

Gasteropoda. 

... 
* 

Pleurotomaria  llanvirnensis,  Hicks   
Pteropoda. 

* 
* 

 Harknessii,  Hicks   * 
Heteropoda. 

Belleroplion  fflultistriatus  Suit 

Cephalopoda. 

 caereesiense,  Hicks  * 
Annelida. 

* 
16 

24 
33 

The  intimate  stratigraphical  conformity  at  St.  David's  between 
the  Tremadoc  and  Arenig  rocks,  and  between  the  latter  and  the 
overlying  Llandeilo  series,  is  clear  and  determined,  both  on  the 
mainland  and  on  Ramsey  Island,  where  both  the  Tremadoc  and  the 
Arenig  occupy  a  considerable  area.  Much  of  the  centre  of  the 
island  is  composed  of  the  Arenig  series,  and  is  prolific  in  fossils.  The 

slates  of  St.  David's  are  black  and  probably  of  deep-sea  origin.  The 
subdivision  here  by  Dr.  Hicks  into  Lower,  Middle,  and  Upper  is 
based  upon  the  distribution  of  the  organic  remains  and  the  relation 
to  the  Llandeilo  above.  This  comparison  is  important  in  its  bear- 

ing upon  the  value  and  meaning  of  the  terms  Arenig  and  Lower 
Llandeilo  as  applied  to  at  least  four  areas  and  groups  of  rocks  in 
England  and  Wales,  viz. : — Westmoreland,  or  the  Skiddaw  group  ; 
Shropshire,  or  the  Stiperstones  series  ;  North  Wales,  or  the  Tremadoc 

and  Lfestiniog  areas  ;  and  South  Wales,  or  the  St.-David's  beds. 
Formerly  the  Geological  Survey  regarded  three  of  the  groups  in  the 
areas  above  mentioned  as  belonging  to  rocks  termed  Lower  Llan- 

deilo by  SirR.  Murchison;  they  were  mapped  as  Llandeilo  simply, 
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the  Survey  not  recognizing  the  two  divisions  termed  Lower  and  Upper 
on  the  maps,  as  they  are  not  separable  or  distinguishable  in  the  field 
over  large  areas.  The  exact  position  of  the  Arenig  group  was,  and 
has  for  many  years  been,  a  doubtful  question  ;  and  it  is  due  to  the 
continued  researches  of  Messrs.  Salter  and  Homfray  in  North  Wales, 
and  of  Dr.  Hicks  in  South  Wales,  that  the  name  and  position  assigned 
to  these  beds  by  Prof.  Sedgwick  in  1843  is  now  revived  and  defi- 

nitely established,  and  that  the  Arenig  group  of  rocks  and  fossils 
has  now  had  assigned  to  it  its  true  stratigraphical  place  above  the 
Tremadoc  group  and  below  the  Llandeilo  proper,  and  with  a  fauna 
recognized  as  peculiarly  its  own.  The  Llandeilo  of  Murchison  and 
the  Survey  (first  named  in  1843)  did  not  really  include  any  of  the 
Arenig  proper  as  determined  in  North  Wales  in  1843,  1846,  and 
1852,  or  as  occurring  in  the  chain  of  the  Arrans,  Arenig,  Cader  Idris, 
and  in  the  Ffestiniog  region  (typical  districts).  The  term  "  Lower 
Llandeilo  "  of  Murchison  included  Prof.  Sedgwick's  "  Arenig,"  not 
as  first  intended ;  and  Prof.  Ramsay,  in  the  first  edition  of  his  1  Geo- 

logy of  North  Wales  states  that  "  since  1848  the  Survey  con- 
sidered the  slates  close  below  and  above  the  Arans  and  Arenigs  as 

equivalent  to  the  Llandeilo  flags  of  Builth  and  Shelve  "  f . 
Mr.  Salter,  however,  in  the  appendix  to  the  same  work  in  1866, 

pp.  253-257,  under  the  section  "  Lower  I^landeilo  "  and  plates  8-12, 
clearly  showed  the  importance  of  truly  correlating  the  Arenig  group, 
eliminating  it  partly  from  the  Upper  Tremadoc  below  and  from  the 
so-called  Llandeilo  above. 

There  is  now  no  doubt  whatever  about  the  horizon  or  position 
of  the  Arenig  rocks.  They  are  entirely  distinct  from  the  Tremadoc 
group  of  Sedgwick,  and  were  claimed  as  Lower  Llandeilo  by 

Murchison.  They  are  the  "  Arenig  and  Skiddaw  "  group  of  Sedg- 
wick, established  by  him  in  1834,  and  confirmed  through  subse- 
quent research  in  the  Skiddaw  area,  and  of  which  the  fossils  were 

described  by  M'Coy  before  1851.  Priority  therefore  under  all  heads 
is  due  to  the  researches  of  Prof.  Sedgwick.  Finally  Salter  described 
the  majority  of  the  fossils  of  both  the  Arenig  and  Tremadoc  groups, 
showing  in  the  clearest  manner  that  the  Tremadoc  rocks  were  the 

natural  termination  of  the  Ffestiniog  or  "  Middle  Cambrian  "  series, 
and  the  Arenig  group  the  base  of  the  "  Upper  Cambrian "  or 
"  Lower  Silurian  "  of  Murchison  ;  these  rocks  through  their  fossils, 
have  their  equivalents,  as  shown  by  Salter,  in  the  Quebec  group  of 
Canada. 

Plants. — None. 
Peotozoa. — None. 
Hydeqzoa. — Subsequent  to  the  change  of  conditions  which  ter- 

minated the  Tremadoc  period,  or  at  the  coming-in  or  commencement 
of  the  Arenig  deposits,  no  less  than  18  genera  and  42  species  of 

*  Mem.  Geol.  Surv.  of  Great  Brit.  vol.  iii.  p.  6  (ed.  1,  1866). 
t  Sir  R.  Murchison,  in  1834,  termed  the  Llandeilo  flags  "  Trilobite  schists  " 

in  his  description  of  the  Shelve  country,  the  Carneddau  (Builth),  and  the 
neighbourhood  of  Llandeilo  ;  and  imder  this  name  were  included  (near  Shelve) 
the  strata  as  low  as  the  base  of  the  Stiperstones,  the  whole  of  these  rocks  being 
older  than  the  Caracloc  sandstone. 
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Hydrozoa  first  appeared  in  the  British  Arenig  sea,  and  that  with- 
out any  known  previously-existing  Ccelenterate  fauna.  We  have  no 

clue  to  the  area  or  region  whence  they  migrated ;  possibly  Canada 
may  be  selected  as  one,  at  least,  of  the  probable  areas  for  their 
origin  and  dispersion.  We  regard  the  Quebec  group  of  rocks  as  the 
equivalent  in  time  of  our  Arenig  series ;  and  they  contain  the  same 
species  of  Graptolites  in  great  profusion.  We  cannot  look  to  Scan- 

dinavia for  such  an  assemblage;  and  although  the  Bohemian  Grap- 
tolitic  fauna  was  extensive,  still,  on  the  whole,  I  should  regard  the 
Canadian,  through  certain  genera  and  species,  as  being  the  source 
of  dispersion  and  migration.  There  is  intimate  agreement  between 
the  faunas  of  many  of  the  American  and  our  own  Palaeozoic  rocks ; 
and  this  is  notably  the  case  with  the  Arenig  and  its  Graptolites. 

Thirteen  genera  and  28  species  of  Graptolites  occur  in  the 
Skiddaw  group,  showing  that  more  than  two  thirds  of  the  known 
genera  and  species  are  in  the  almost  barren  slates  of  the  Keswick 
area ;  for,  with  the  exception  of  10  species  of  Annelida  (all  tracks 
and  burrows),  9  species  of  Crustacea,  and  2  Brachiopoda,  no 
other  forms  are  known — neither  Lamellibranch,  Gasteropod,  Pte- 
ropod,  or  Heteropod,  so  far  as  we  know,  ever  having  appeared 
in  the  Skiddaw  series  west  of  the  Stiperstones  in  the  Shelve  area*. 
The  Arenig  rocks  are  there  clearly  exhibited,  but  yield  only  a 
small  series  of  Hydrozoa.  Only  3  genera  and  6  species  have  yet 
been  collected  ;  they  are  Diplograptus  pristis  ?,  Didymograptus  pa- 
tulus,  D.  geminus,  D.  Jiirundo  ?,  D.  constrictus,  and  Clematograptus 
implicatus.  The  Crustacea  eminently  characterize  the  Shelve 
Arenigs ;  and  it  is  through  the  6  genera  and  9  species  of  Trilobita 
and  the  stratigraphical  position  that  the  age  of  the  beds  is  clearly 
determined :  3  of  the  7  genera  that  occur  here  are  also  in  the  Skid- 

daw rocks — Agnostus  Morei,  Ogygia  Sehvynii,  and  JEglina  binodosa. 
Next  to  North  Wales  the  Shropshire  Arenigs  contain  the  smallest 
number  of  species  ;  but  they  are  distinctively  characteristic. 

North  Wales,  from  the  Tremadoc  and  Efestiniog  areas  at  Tre- 
madoc,  Ty-obry  and  Tai-hirion,  has  yielded  only  4  genera  and  4 
species. 

Next  to  the  Skiddaw  rocks  and  the  Westmoreland  area  the  chief 

development  of  the  Arenig  group  occurs  in  South  Wales  on  the  St.- 
David's  promontory,  at  Llanvirn,  Whitesand  Bay,  Trwyn-hwrd- 
dyn,  and  Porth  Melgan,  and  the  rich  locality  of  Ramsey  Island. 
These  several  localities  have  yielded,  to  the  researches  of  Dr.  Hicks, 
Mr.  Hopkinson,  Mr.  D.  Homfray,  and  others,  about  8  genera  and 
18  species  of  Graptolites.  Only  3  species  are  common  to  North  and 
South  Wales,  namely  Diplograptus  dentatus  ?,  Climacograptus  con- 
fertus,  and  Glossograptus  ciliatus  ;  6  show  the  relation  of  the  Skiddaw 
rocks  with  South  Wales,  viz.  Didymograptus  affinis,  D.  bifidus,  D. 
patulus,  Tetragraptus  quadribrachiatus,  Pliyllograptus  typus,  and 
Diplograptus  dentatus  ? ;  and  7  are  common  to  the  Stiperstones  area 
and  South  Wales,  viz.  Didymograptus  patulus,  D.  affinis,  D.  hirundo, 
D.  bijtdus,  Diplograptus  dentatus,  Clematograptus  implicatus,  and 

*  Lords  Hill,  Bog  Mine,  Dingle,  Ritton  Castle,  Corndon,  &c. 
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Climacograptus  confertus.  Out  of  the  entire  fauna  of  the  Arenig 
Rhabdophora  only  2  or  3  genera  and  species  pass  to  the  Llandeilo 
rocks. 

Echinodermata. — No  record  whatever  of  this  class  in  the  Arenig 
rocks. 

Annelida. — The  whole  group,  of  which  9  genera  and  11  species 
are  described,  possesses  no  zoological  value  ;  they  are  simply  worm- 
burrows,  worm-tracks,  or  trails  of  Mollusca.  Ten  of  the  11  so-called 
Annelide  species  occur  in  the  Skiddaw  Slates,  the  one  unrepresented 

form  being  Buthotrephis  from  St.  David's.  Scolithus  linearis  and 
Helmintholitlies  are  in  the  Stiperstone  beds  also.  No  species  has 
occurred  in  North  Wales  ;  and  no  species  pass  up  from  the  Tremadoc 
and  Lingula-flags  below. 

Crustacea. — The  Arenig  rocks  have  unequally  distributed  through 
them  14  genera  of  Trilobites  and  48  species,  Ostracoda  2  (Beyrichia 
and  Primitiri)  and  the  Phyllopod  Caryocaris  Wrighti  increasing 
the  Crustacean  fauna  to  17  genera  and  51  species.  The  special 
Trilobita,  however,  number  41  species  (6  coming  up  from  the 
Tremadoc  and  2  passing  to  the  Llandeilo,  namely  Trinucleus 
Ramsayi  and  Homalonotus  bisulcatus).  No  group  in  any  of  the 
British  rocks  is  so  specialized  as  the  Arenig  Crustacea.  The 
Skiddaw  rocks  hold  9  species,  representing  7  genera  *;  the  Shelve 
Arenigs  have  10  species  and  7  generaf,  both  areas  showing  either 
imperfect  collecting,  or  poverty  in  representation  (which  is  by 
no  means  likely).  The  few  species  (mostly  single)  known  or 
occurring  in  each  genus  clearly  shows  how  large  a  fauna  may 
be  expected  if  the  more  fossiliferous  beds  could  be  found  in  these 

somewhat  barren  rocks.  This  applies  equally  to  North  "Wales, where  9  genera  are  only  represented  by  11  species.  In  South 

Wales  (St.  David's)  the  three  areas  have  yielded  15  genera  and 
35  species.  Circumstances  have  favoured  collecting  in  this  re- 

gion ;  and  the  known  fauna  is  increased  thereby.  The  Northern 
or  Skiddaw  fauna  is  allied  to  the  Shelve  or  Shropshire  group  through 
3  species  only  (Agnostus  Morei,  Ogygia  Selwynii,  and  JEglina 
binodosa).  The  special  Skiddaw  forms  are  4  only  (Caryocaris 
Wrightii,  Phacops  Nicholsoni,  Niobe  Doveri,  and  JEglina  sp.) ;  but 
9  occur  in  these  beds.  The  special  Shelve  species  are  Trinu- 

cleus Murchisoni,  Illaznus  perovalis,  I.  Thomsoni,  and  Cheirurus 
sp. ;  but  10  species  occur  in  the  Shelve  beds.  The  special  North- 
Wales  species  are  also  only  2,  Asaphus  affinis  and  Caryocaris  Marrii. 
The  special  South- Wales  species  are  Agnostus  hirundo,  Asaphus 
Homfrayi,  Ogygia  scutatrix,  O.peltata,  0.  bullina,  Asaphus  menapice, 
Trinucleus  JSedgwickii,  Ampyx  Salteri,  yEglina  boia,  2E.  grandis,  2E. 
obtusicaudata,  Barrandia  Homfrayi,  Calymene  ultima,  and  C.  vexata  ; 
the  occurrences  in  South  Wales,  however,  are  35  species  in  15 

*  Caryocaris  Wrightii,  Agnostus  Morei,  Ogygia  Selwynii,  Trinucleus  Gibbsii, 
Mglina  caliginosa,  Salt.,  M.  binodosa,  JE.  sp.,  Phacops  Nicholsoni,  and  Niobe 
Doveri. 

t  Agnostus  Morei,  Oyi/gia  Selwynii,  Trinucleus  Murchisoni,  Mglina  binodosa, 
Calymene  parvifrons  aud  var.  Murchisoni,  Illcsnus  perovalis,  I.  Thomsoni,  Chei- 

rurus Frederici,  and  C.  pectinatus. 
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genera.  Eleven  new  genera  of  Crustacea,  10  of  which  are  Trilohita, 
appeared  in  the  Arenig  sea:  they  are  yEglina,  Angelina,  Trinu- 
cleus,  Barrandia,  Galymene,  Phacops,  Placoparia,  Lllcenus,  Illce- 
nopsis,  Homalonotus,  and  the  Phyllopod  Caryocaris,  which,  with 
Placoparia,  never  passed  to  higher  rocks. 

Brachiopoda. — 7  genera,  Lingulella,  Lingula,  Orthis,  Obolella,  Pis- 
cina, Siphonotreta,  and  Pinobolus,  represented  by  only  18  species, 

are  all  that  can  be  recorded  of  this  class  through  the  Arenig  rocks. 

All  the  genera  and  12  of  the  18  species  occur  in  the  St.-David's  area. 
Only  2  species  are  known  in  the  Skiddaw  rocks,  Lingula  brevis  and 
a  Piscina ;  and  5  in  the  beds  west  of  the  Stiperstones  ;  they  are 
Lingula  attenuata,  Orthis  alata,  0.  calligramma,  0.  striatula,  and 
Obolella  plumbea.  The  5  North-Wales  forms  are  Lingulella  Pavisii, 
L.  lepis,  Orthis  lenticularis,  0.  calligramma,  and  Obolella  plicata, 
Tai-hirion  yielding  4  of  the  5.  Lingula  petalon,  L.  brevis,  and 
Orthis  calligramma  are  all  that  pass  to  the  Llandeilo  rocks  ;  but  9 
come  from  the  Tremadoc ;  therefore  the  special  forms  are  only  6 — 
Siphonotreta  micula,  Pinobolus  Hicksii,  Dav.,  Piscina  sp.,  Orthis 
striatula,  0.  remota,  and  0.  alata.  The  new  genera  are  Pinobolus 
and  Siphonotreta. 

Lamellibranchiata. — Ribeiria  complanata,  Modiolopsis  trapezi- 
formis,  Palmarca  amygdalus,  and  Redonia  anglica  occur  in  the 
Shelve  Arenigs.  Paloearca  socialis  and  a  species  of  Ctenodonta  occur 
only  at  Ty-obry  in  North  Wales.  None  are  known  either  in  the 
Skiddaw  rocks  or  in  South  Wales,  6  species  being  the  entire  bivalve 
fauna.    Pibeiria  and  Redonia  first  appear  in  the  Arenig  rocks. 

Gasteropoda. — Only  4  genera  and  4  species  are  at  present  known. 
Pleurotomaria  llanvirnensis,  Hicks,  and  Ophileta  sp.,  occur  at 

Llanvirn,  St.  David's  ;  Rhaphistoma,  Skiddaw  only ;  and  the  Stiper- 
stone  form  is  Euomphalus  corndensis,  Sow.  No  species  known  in 
North  Wales. 

Pteropoda. — 4  species  of  Conidaria  and  4  of  Theca  constitute 
the  Arenig  Pteropod  fauna.  The  Shelve  species  are  Theca  simplex, 
Salt.,  and  T.  vaginula,  Salt.  Those  occurring  in  North  Wales  are 
Theca  vaginula,  Salt.,  Conidaria  corium,  Salt.,  and  C.  margariti- 
fera,  Salt.  Theca  Harhnessii,  Hicks,  T.  caereesiensis,  Hicks,  Conularia 
llanvirnensis,  Hicks,  and  C.  Homfrayi,  Salt.,  range  through  the  St.- 
David's  Arenigs. 

Heteropoda. — 4  species  of  Bellerophon  in  the  Stiperstone  beds 
and  2  in  the  St.-David's  are  all  that  are  known.  The  Stiperstone 
species  are  B.  hippopus,  Salt.,  B.  bilobatus,  Sow.,  B.  carinarioides, 
and  B.  perturb atus,  Sow.  The  South-Wales  species  are  B.  multi- 
striatus,  Salt.,  and  B.  llanvirnensis,  Hicks.  No  species  yet  known  in 
North  Wales. 

Cephalopoda. — Orthoceras  Avelinii  and  0.  encrinale  occur  in  the 
Corn  don  area  (Shropshire).  0.  sericeum  and  caereesiense  are  only 

known  at  St.  David's,  South  Wales  ;  an  undeterminable  form  occurs 
at  Ty-obry  (Tremadoc,  North  Wales).    None  in  the  Skiddaw  beds. 

The  distinctive  value  of  the  Arenig  fauna  is  shown  in  the  fact 
that  only  8  genera  and  9  species  pass  to  the  Llandeilo ;  and  4 
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of  these  species  are  Hydrozoa,  2  are  Crustacea  (Trinucleus  Ram- 
sayi  and  Homalonotus  bisulcatus),  and  3  Brachiopoda  (Lingula 
brevis,  L.  attenuata,  and  OrtJiis  calligramma).  Looking,  therefore, 
at  the  number  of  genera  (63)  and  species  (150)  in  the  whole  Arenig, 
the  change  or  extinction  at  the  close  of  the  period  has  scarcely 
any  parallel  in  the  Palaeozoic  rocks.  The  accompanying  Table 
shows  the  numerical  value  of  the  Arenig  species,  the  63  genera  and 
150  species  being  distributed  through  four  well-determined  areas, 
and  showing  the  fauna  to  be,  in  the 

Skiddaw  beds   31  genera  and  49  species. 
Stijjerstones  area    .  .  26 
North  Wales    21 
South  Wales    37 

41 
26 

76 
Only  8  genera  and  9  species  transgressed  or  passed  to  the  suc- 

ceeding formations ;  and  11  genera  and  16  species  came  in  with 
the  advent  of  the  group  from  the  Lower  Cambrian  series.  The 
true  numerical  faunal  value  of  the  Arenig  group  is  therefore  51 
genera  and  133  species ;  those  forms,  or  the  9  species,  which  pass  to 
higher  formations  do  not  affect  the  Arenig  beyond  linking  it  to  the 
next  group  in  succession. 

Table  VIII. — Arenig. 

£  0 5  1 

Geographical Distribution. 

Pass  to 

Plantas   
Protozoa   

Hydrozoa  
Actinozoa  
Echinoderniata  
Annelida   
Crustacea  

Bryozoa  
Brachiopoda  
Lamellibranchiata 

Gasteropoda  
Pteropoda  
Heteropocla   
Cephalopoda   

18 
42 

150 
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Llandeilo. 

It  may  be  thought  by  some  superfluous  to  discuss  the  history  of 
the  Llandeilo  rocks  proper ;  but  it  is  part  of  my  purpose  to  do  so, 
for  two  reasons  : — first,  to  show  their  true  relations  (affinities  and 
differences)  to  the  Arenigs,  which  they  overlie  and  with  which  they 
have  long  been  confounded ;  and,  secondly,  to  show  the  geographical 
distribution  of .  the  Llandeilo  species  and  their  palaeontological  rela- 

tions to  the  Caradoc  rocks  above  and  the  Arenigs  below.  The  three 
classical  localities  for  the  Llandeilo  rocks  and  fossils  are  Llandeilo, 

Builth,  and  Abereiddy  Bay  north  of  St.  David's.  Each  of  these  areas 
possesses  a  characteristic  and  definite  fauna ;  on  the  whole  the  species 
in  each  locality  are  much  the  same ;  still  the  facies  is  peculiar  in 
each.  It  is  also  of  much  interest  to  clearly  understand  the  true 
position  of  the  great  band  of  dark  roofing-slate  of  the  "  Ffestiniog 
quarries  "  &c.  that  underlies  the  Caradoc  or  Bala  series,  occupying 
the  position  of  the  Llandeilo  flags.  "  It  is  probable  that  the  lowest 
portion  of  the  Llandeilo  group  may  occur  in  the  Arenig  and  Ffesti- 

niog mountains,  and  also  in  the  Arrans ;"  but  the  evidence  is  slight 
and  the  materials  (in  the  shape  of  fossils)  are  scanty.  Salter  obtained 
Bellerophon  perturbatus  in  dark  slates  near  Bangor,  and  also  other 
fossils  in  the  slates,  identical  with  those  of  the  Llandeilo  rocks, 

"  which  overlie  the  Arenig  porphyries."  It  is  doubtful  if  the 
black  slates  of  Anglesey  are  the  equivalents  of  the  dark  earthy 
slates  that  range  east  of  the  Arenig  mountain.  The  Anglesey  slates 
contain  Asaphus  Powisii  and  Phacops  apiculatus,  both  rare  in  the 
Llandeilo  group ;  but  the  Asaphus  occurs  both  in  North  and  South 
Wales,  Phacops  apiculatus  only  in  Anglesey.  The  Graptolites ,  through 
Climacograptus  ccelatusfi)  and  Didymograptus  Murchisoni,  distinctly 
enable  us  to  refer  the  beds  to  the  Llandeilo  group. 

The  Llandeilo  rocks  and  their  fossils  in  North  Wales  are  confined  to 
few  localities,  and  are  but  feebly  exposed  anywhere ;  and  the  whole 
fauna  of  this  formation  in  that  area  numbers  47  species.  Eighteen 
of  these  belong  to  the  prolific  class  Brachiopoda,  15  to  the  Crustacea. 
The  Llandeilo  rocks  of  South  Wales  contain  88  species ;  and  about 
40  are  common  to  North  and  South  Wales.  It  is  important  to  show 
those  species  which  unite  the  two  areas  ;  but  for  my  purpose  I  name 
only  the  Crustacea  (Trilobita),  Hydrozoa,  and  Brachiopoda.  Of  the 
former  class  8  species  are  common,  viz.  Asaphus  tyrannus,  A. 
Powisii,  Ogygia  PortlocJcii,  Calymene  cambrensis,  C.  Blumenbachii, 
Trinucleus  concentricus,  T.  favus,  and  the  Ostracode  Beyrichia 
complicata. 

The  Hydrozoa  are  not  less  important ;  they  are  Diplograptus  foli- 
aceus,  D.dentatus,  Didymograptus  Murchisoni,  Leptograptus  flaccidus, 
Dicranograptus  ramosus,  D.  formosus,  D.  Nicholsoni,  Climacograptus 
bicornis,  C.  ccelatus,  C.  confertus,  C.  Sharenbergi,  and  Dicellograptus 
sextans. 

The  Brachiopoda  number  still  more,  as  we  should  expect  from 
their  habit  and  relation  to  the  sea-beds  upon  which  they  live.  They 
are  all  common  and  well-known  species ;  and  8  of  the  13  forms 
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belong  to  the  genus  Orthis :  they  are  Crania  divaricata,  Siphonotreta 
nucula,  Orthis  vespertilio,  0.  turgida,  0.  Actonice,  0.  calligramma, 
0.  striatula,  0.  elegantula,  0.  insularis,  0.  bifoveata,  Strophomena 
rhomboidalis,  Leptama  tenuissimistriata,  and  L.  sericea. 

Cardiola  interrupta  is  the  only  Lamellibranch  out  of  the  known  6 
species,  and  Bellerophon  perturbatus  and  B.  bilobatus  the  only  2  Hete- 
ropocla  out  of  7,  which,  with  Favosites  fibrosus,  help  to  make  up  the 
41  species  connecting  the  North  and  South  Wales  Llandeilos  ;  so 
that,  of  the  47  North- Wales  species,  40  are  common  to  both  areas. 
No  less  than  88  species  occur  in  South  Wales.  The  whole  Llan- 
deilo  fauna  for  the  British  Islands  numbers  80  genera  and  175 
species  ;  of  these  I  may  mention  that  Ireland  has  yielded  51  species, 
Scotland  66,  and  Shropshire  only  26 :  these  latter  are  chiefly  from 
the  Shelve  district,  and  are  mostly  Crustacea  and  Brachiopoda.  Our 
knowledge  of  the  number  of  species  occurring  in  Scotland  is  due  to 
the  researches  of  Mr.  Lapworth  in  the  Moffat  area. 

In  the  St.-David's  area  and  throughout  Pembrokeshire,  Brecon- 
shire,  and  Caermarthenshire,  the  typical  localities  of  Llandeilo  and 
Builth  &c.  contain  a  special  fauna.  At  Abereiddy  Bay  the  black 
slates  and  argillaceous  limestones  are  interstratined  with  felspathic 
tuff ;  they  rest  upon  the  Arenig  group,  having  a  distinct  fauna  ;  a 
thick  bed  of  tuff  divides  them.  The  immediate  presence  and  abund- 

ance of  Didymograptus  Murchisoni  and  Dicellograptus,  Cryptograptus, 
&c.  in  the  slates  on  the  south  side  of  Abereiddy  Bay  above  the  fel- 

spathic tuff,  at  once  clearly  marks  or  determines  the  base  of  the 
Llandeilo  beds. 

Dr.  Hicks  divides  the  true  Llandeilo  series  of  St.  David's  into  3 
subgroups*,  the  lowest  containing  most  Ehabdophora  or  Graptolites, 
associated  with  Trinucleiis  Bamsayi,  Calymene  Murchisonice,  and 
Theca  caereesiensis,  which  especially  characterize  this  lower  division. 
The  middle  subgroup  consists  of  dark  "  calcareous  shales,  with 
compact  limestone  at  the  upper  part;"  Asaphus  tyrannus,  A.  pel- 
tastes,  Calymene  cambrensis,  Ogygia  convexa,  and  Trinucleiis  Lloydii 
are  the  typical  Crustacea,  with  Lingula  granulata,  Haly sites  catenu- 
latus,  and  6  Graptolites.  In  addition  to  the  fauna,  the  calcareous 
nature  of  the  beds  lithologically  separates  this  middle  subgroup 
from  the,  over-  and  underlying  series.  Everywhere  it  is  charac- 

terized by  the  forms  just  enumerated ;  many  of  the  same  occur  at 
Llandewi  Yelfrey,  Lampeter  Yelfrey,  and  Musclewick  Ba;y.  The 
Upper  Llandeilo  is  also  distinguished  by  special  forms  of  Trilobita 
— Barrandia  Cordai,  B.  longifrons,  Clieirurus  SedgivicJcii,  Ogygia 
BucJiii,  Calymene  dv/plicata,  Ampyx  nudus,  and  Agnostus  M'Coyii. 
It  will  be  seen  that  each  division  is  specialized  or  can  be  discri- 

minated by  its  Crustacea ;  the  well-known  Ogygia  Buchii  and 
Clieirurus  Sedgwickii,  here  as  elsewhere,  are  the  typical  forms  in 
the  upper  black  argillaceous  slaty  flaggy  sandstones.  The  middle 
yields  Asaphus  tyrannus,  A.  peltastes,  and  Ogygia  convexa,  &c.  ;  and 
the  Lower  Calymene  Murchisonice  and  Trinucleus  Bamsayi;  and 
this  grouping  holds  good  wherever  the  Llandeilo  beds  occur.  Three 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxsi.  pp.  177-180. 
VOL.  XXXVII.  Tc 
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species  only  of  Trilobita  have  occurred  in  the  Scotch  Llandeilo  rocks, 
viz.  Illcenus  Boivmannii,  Salteria  involuta,  and  S.  primoeva.  Ire- 

land has  5 ;  but  probably  many  more  will  occur.  I  enumerate  them 
so  far  as  we  know  them — Acidaspis  Jamesii,  Ampyx  mammillatus, 
Ogygia  Portlockii,  Phacops  truncato-cauclatus,  and  JUglina  mirabilis. 
I  know  no  others,  although  in  all  the  three  Llandeilos  we  have  45 
species  of  Crustacea.  Shropshire  has  only  yielded  11  species,  and 
these  chiefly  from  the  Llandeilo  rocks  of  Shelve  :  they  are  all  marked 
species.  In  the  Builth  and  Llandeilo  areas  no  species  occurs  below 
the  tuff-beds  of  the  Lower  Llandeilo.  Pew  species  of  Graptolites 
are  common  to  the  Llandeilo  and  Arenig  rocks  of  St.  David's,  al- 

though here  the  succession  is  so  complete,  and  no  less  than  18 
species  there  occur  in  the  Arenig  and  6  in  the  Llandeilo.  Only  16 
species  of  all  groups  are  common  to  both  formations,  although  the 
Arenig  fauna  numbers  149  and  the  Llandeilo  175,  thus  clearly 
showing  the  faunal  differences. 

Llandeilo  beds  are  known  in  Merionethshire,  Caernarvonshire, 
Denbighshire,  and  Anglesey.  Fifteen  species  have  been  determined 
from  Merioneth ;  13  from  Gam,  east  of  Arenig,  by  far  the  largest 
fauna  in  North  Wales.  Anglesey  from  five  localities  yields  15 
species  and  18  occurrences,  or  only  3  species  for  each  locality ; 
Caernarvonshire,  from  four  localities,  17  species  (the  chief  loca- 

lity, Teddyn-Dicum,  has  produced  8  species) ;  and  Craig-y-Glyn, 
near  Llanrhyader  in  Denbighshire,  6  species.  No  one  can  doubt, 
from  the  above  results,  that  careful  research  would  greatly  add  to 
the  faunal  value  of  the  Llandeilo  rocks  of  North  Wales.  Prof. 

Hughes  has  lately  succeeded  in  ascertaining  the  presence  of  Tre- 
madoc  fossils  in  Anglesey  ;  and  further  search  at  Garn,  east  of  the 
Arenigs,  could  not  fail  to  throw  much  light  upon  both  the  Arenig 
and  Llandeilo  faunas,  and  to  substantiate  still  more  the  relation 
between  North  and  South  Wales.  As  yet,  out  of  13  Garn  fossils, 
we  know  only  1  Trilobite  (Ampyx  mammillatus).  In  Anglesey, 
near  Llanerch-y-medd,  out  of  5  species  collected  3  are  characteristic 
Trilobites — Phacops  apiculatus,  Asaphus  Poivisii,  and  Galymene  cam- 
brensis.  It  is  the  same  with  Treiorwerth  in  Anglesey, — clearly 
showing  that  a  rich  harvest  of  Llandeilo  species  is  yet  to  be  ob- 

tained in  North  Wales. 

The  elaborate  researches  of  Mr.  Lapworth,  in  Scotland*,  into  the 
history  of  the  Rhabdophora  of  that  and  other  areas,  has  greatly 
modified  our  views  respecting  their  distribution  and  range. 

The  oldest  fossiliferous  strata  known  in  Scotland  are  the  Grap- 
tolite  shales  forming  the  well-known  Moffat  series,  a  group  of  black 
shales  about  600  feet  in  thickness,  and  separated  by  Mr.  Lapworth 
into  three  distinct  palseontological  divisions.  The  lowest  (Lower 
Moffat  or  Glenkiln  Shales)  he  determines  to  be  of  Upper-Llandeilo 
age  ;  the  Middle  Moffat  or  Hartfell  Shales  above  he  correlates  with 

the  Bala  group  of  North  Wales  "  as  an  attenuated  representative ; " 
and  the  third  or  uppermost  (the  Upper  Moffat  or  Birkhill  Shales) 
represents  the  Lower  Llandovery.  This  last  determination  has  an 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxiv.  pp.  240-346. 
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important  bearing  upon  the  distribution  of  the  Graptolithina  or 
Rhabdophora,  it  being  well  known  that  in  the  Llandovery  rocks  of 
Wales  no  Graptolites  occur.  The  Lower  Llandovery  of  Cardigan  and 
Merioneth,  of  such  great  thickness  and  extent  (yet  without  Grap- 

tolites), has  "  dwindled  down  to  the  thickness  of  the  Birkhill  Shales 
(about  70  feet)  in  the  intervening  Lake- district,  where  it  constitutes 
the  Coniston  Mudstones — a  group  of  beds  almost  identical  in  thick- 

ness, lithology,  and  palaeontology  with  the  equivalent  Scottish  deposit 

of  the  Birkhill  Shales"  (Lapworth).  '  The  conclusion  arrived  at  by Mr.  Lapworth,  that  the  oldest  beds  of  the  south  of  Scotland  (the 
Glenkiln  Shales)  are  the  equivalents  of  the  highest  Llandeilo  rocks, 
is  borne  out  through  his  researches  amongst  the  Moffat  series 
in  Southern  Scotland ;  and,  with  him,  we  must  come  "  to  the 
conclusion  that  the  Lower  Silurian  rocks  of  the  southern  uplands 
can  be  arranged  in  two  distinct  formations,  viz.  a  lower  and  very 
thin  group  of  fine-grained  Graptolite  shales,  and  an  upper  and  com- 

paratively massive  series  of  arenaceous  strata.  In  their  mineralo- 
gical  features  and  palseontological  characteristics  the  Moffat  series 

differ  from  any  of  the  typical  Silurian  rocks  of  the  principality." 
Unlike  the  rocks  of  Wales,  they  are  almost  exclusively  Graptolitic 
in  their  fossil  contents,  scarcely  any  Brachiopoda  or  Crustacea  being 
known  throughout  the  series.  The  Llandeilo  age  of  the  Lower 
Moffat  shales  is  further  determined  through  the  total  absence  of  those 

complex  Arenig  forms  of  "  Dichogra/pti,  Tetragrapti,  and  Phyllo- 
grapti,  so  characteristic  a  feature  of  the  Graptolitic  fauna  of  the 
Skiddaw,  Shelve,  St.  David's,  and  Canadian  equivalents." 

Mr.  Lapworth,  "  arranging  the  Moffat  strata  in  the  order  in 
which  they  are  displayed,  and  distinguishing  each  chief  band  by  its 

peculiar  fossil,"  gives  the  following  Table : — 
( Upper   Birkhill  1  Zone  of  Bastrites  peregrinus.  \ 

or  Grey  Shale  I  Zone  of  Monograptus  spinigerus. 
group.  J  Subzoneof  Diplograptus  cometa.  |  Lower 

Lower   Birkhill  1  Zone  of  Monograptus  grcgarius.  \  Llandovery, 
or  Black  Shale  I  Zone  of  Diplograptus  vesiculosus. 

J  Zone  of  Diplograptus  acuminatus. 

III. 
Birkhill 
Shales. 

group 

(  Upper  Hartfelll 
II. 

Hartfell-j 
Shales.  ' 

I. 
Glenkiln 
Shales. 

I  Zone  of  Dicellograptus  anceps. 
Zone  of  Barren  Mudstones. I 

}.Bala. 

orBarrenMud- 
stone  group.  J 

Lower    Hartfell  1  Zone  of  Pleurograptus  linearis. 
or  Black  Shale  I  Zone  of  Dicranograptus  Cliwgani.  \ 
group.  J  Zone  of  Climacograptus  Wilsoni.  ) 

UlSheariefeilklln }  VMymograptus  beds.  1  Upper 

LL0SWhaief 6nkiln  }  Ribbed  ̂ stones.  J  I^eilo. 
The  facies  of  the  Glenkiln  shales  is  distinctively  that  of  the  Llan- 

deilo of  South  and  North  Wales,  the  assemblage  being  the  same : 
differences  occur  dependent  upon  locality  and  the  mineral  composition 
of  the  beds ;  but  the  common  Glenkiln  forms  of  Scotland,  and  those 
species  collected  by  observers  in  North  Wales  (Messrs.  Salter,  Hop- 
kinson,  Homfray,  Gibbs,  &c),  serve  at  once  to  connect  and  correlate 
the  faunas  of  the  two  areas.  10  species  from  South  Wales  and  12 
from  North  Wales  are  all  Glenkiln  species  and  of  Llandeilo  age ; 

Tc  2 



120 PKOCEEDINOS  OP  THE  GEOLOGICAL  SOCIETY. 

and,  adopting  the  views  of  Mr.  Lapworth,  from  the  absence  of 
Didymograptus  Murcliisoni  and  the  genus  Phyllograptus  in  the  black 
shales  of  the  Tremadoc  area,  and  the  presence  of  some  succeeding 
Bala  forms,  we  may  infer  that  these  dark  Tremadoc  shales  and  the 
Glenkiln  beds  are  probably  of  higher-Llandeilo  age.  This  inference 
is  further  strengthened  by  researches  made  by  Linnarsson  in  the 
Llandeilo  strata  "  of  Central  Sweden,  where  the  greater  portion  of 
the  Llandeilo  formation  of  Britain  is  represented  by  the  Ortlioceras- 
limestone."  "  Upon  this  limestone  rests  the  sheet  of  dark  shales 
named  by  Dr.  Linnarsson  the  '  Middle  Graptolite  schists the 
lowest  part  of  these  schists,  according  to  Dr.  Tornquist,  affords 
abundant  examples  of  Phyllograptus  and  the  Murchisoni  form  of 
Didymograptus.  The  highest  Swedish  beds  assigned  or  referable  to 
the  Llandeilo  formation  afford  both  the  peculiar  Scotch  or  Glenkiln 
and  North-Wales  forms,  such  as  Didymograptus  superstes,  Lapw., 
Comograptus  gracilis,  Hall,  Climacograptus  Scharenbergi,  Lapw.,  G. 
perexcavatus,  Lapw. 

Mr.  Lapworth  further  discusses  the  relations  and  affinities  of  the 
Llandeilo  species  of  South  Scotland  (Glenkiln  Shales)  with  the  dark 
shales  and  flagstones  of  the  Cincinnati  group  which  bound  the  valley 
of  the  Hudson  near  the  city  of  Albany  and  everywhere  underlie 
the  Trenton  limestone  ;  he  shows  reason  for  believing  that  we 

may  regard  them  as  forming  the  "  highest  division  of  the  Quebec 
group  (Arenig)  which  emerges  unconformably  from  below  the  hori- 

zontal Trenton  limestones.  The  Hudson-Eiver  shales  may  therefore 
represent  the  higher  Llandeilo  beds  of  Britain."  Lapworth  names 
14  species  collected  from  Norman's  Kiln  in  the  valley  of  the  Hudson, 
on  the  Marsouin  river,  &c,  as  being  identical  with  the  Glenkiln  and 

"Welsh  forms.  He  still  further  establishes  representative  affinity between  the  peculiar  Glenkiln  species  which  are  absent  from  the 
American  strata  and  others  which  occur  in  them.    Thus  : — 

British.  American. 
Glossograptus  Hincksii  is  represented  by  Glossograptus  ciliatus,  Emm. 
Dicranograptus  ziczac  „       „     Dicranograptus  fureatus,  Hall. 
Climacograptus  Scharenbergi  ,,      Climacograptus  scalaris,  His. 
Clathrograptus  cuneiformis     „  Claihrograptus  Geinitzianus,  Hall. 

"  All  evidence,  therefore,  tends  to  prove  that  the  Glenkiln  shales 
belong  to  the  age  of  the  Upper  Llandeilo  series,  and  are  closely  allied 

to  the  North-Wales  grouping."  From  the  absence  of  certain  Didy- 
mograpti  and  Phyllograpti  from  the  Glenkiln  division,  and  their 
abundance  in  the  lower  beds  of  the  Llandeilo  of  Wales  and  Sweden, 

we  are  obliged  to  assign  the  Scotch  Glenkiln  Bhabdophora  "  to  the 
highest  division  of  the  Llandeilo,  and  not  far  below  the  base  of  the 
Caradoc  or  Bala"*. 

It  is  of  the  Hydrozoa,  Crustacea,  and  Brachiopoda,  which  together 
make  up  the  123  out  of  the  175  known  species,  that  the  mass  of 
the  fauna  of  the  Llandeilo  is  composed.  The  same  classes  largely 
transmit  their  genera  and  species  to  the  succeeding  Caradoc  or  Bala 

*  For  an  exhaustive  paper  upon  the  Graptolites  of  the  Moffat  series,  by 
C.  Lapworth,  Esq.,  F.Gr.S.,  see  Quart.  Journ.  Geol.  Soc.  vol.  xxxiv.  pp.  240-343. 
The  general  characters  of  the  Lower  Silurian  rocks  of  Scotland  and  the  strata  of 
the  Moffat  district  are  also  ably  discussed. 
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rocks,  viz.  16  species  of  Hydrozoa,  17  Crustacea,  and  23  Brachio- 
pcda,  or,  together,  56  out  of  the  whole  76  that  connect  the  two 
formations.  It  is  interesting  to  know  also  those  areas  that  are  spe- 

cifically most  prolific  in  the  above  groups,  and  thus  help  us  to  draw 
conclusions  as  to  the  nature  of  the  sea  and  its  bathymetrical  condition 
during  the  time  of  the  deposition  of  the  Llandeilo  and  succeeding 
Caradoc,  which  are  more  intimately  related  than  is  generally  believed. 
United,  the  Llandeilo  fauna  of  North  and  South  Wales  is  constituted 
by  94  species  ;  or  this  is  the  known  number  for  Wales,  88  occurring 
in  South  and  47  in  North  Wales,  and  41  being  common  to  both, 
chiefly  among  the  Hydrozoa  and  Crustacea.  Upon  whatever  hypothesis 
we  may  account  for  the  physical  relationship  between  the  Llandeilo 
rocks  of  Scotland  and  Ireland,  the  connecting  species  are  few  (only 
27)  ;  and  no  Crustacea  are  common  to  these  two  countries — which, 
out  of  a  total  fauna  of  45  species,  is  remarkable.  The  Irish  species 
number  6,  3  of  which  are  also  South -Wales  forms — Ogygia  Port- 
lockii,  Calymene  duplicata,  and  JEglina  mirabilis.  As  before  stated, 
Scotland  has  hitherto  yielded  only  4  genera  and  5  species  of  Crus- 

tacea— Ulcenus  Bowmanii,  Salteria  involnta,  JS.primceva,  Peltocaris 
aptycJioides,  and  Discinocaris  Browniana. 

Plasty. — None. 
Protozoa. — Ischadites  antiquus,  Salt.  No  other  Protozoon  has 

been  recognized  in  the  Llandeilo  ;  it  is  not  a  common  genus  in  the 
Lower  Silurian  rocks. 

Hydrozoa. — The  Llandeilo  beds  of  Scotland  appear  to  be  the  most 
prolific  in  Bhabdophora.  Our  knowledge  of  them  is  due  to  the 
researches  of  Nicholson,  Lapworth,  and  Carruthers  in  Scotland,  all 
of  whom  have  done  able  work  in  elucidating  the  history  and  struc- 

ture of  this  obscure  class.  Forty-four  species  illustrate  18  genera ; 
but  it  is  chiefly  through  the  larger  genera  that  this  Graptolitic  fauna 
is  represented.  South  Wales,  as  we  should  expect,  is  also  represen- 

tative, although  poor,  as  compared  with  Scotland,  having  only  18 
species,  or  about  half  the  number.  North  Wales  has  7  species,  and 
Ireland  28.  The  Welsh  and  Irish  genera  have  not  the  same  specific 
value ;  generally  they  are  much  the  same,  but  illustrated  by  fewer 
species.  This  may  be  due  to  want  of  systematic  search  in  Wales, 
such  as  the  rocks  of  Scotland  have  undergone  by  the  above-men- 

tioned authors.  The  genera  Didymograptus,  Diplograptus,  Clirriaco- 
graptus,  and  Dicellograptus  are  those  chiefly  occurring  in  South 
Wales ;  and  Diplograptus,  Dicellograptus,  and  Climacograptus  in 
North  Wales,  &c.  The  Llandeilo  rocks  of  Ireland  contain  species 
of  nearly  all  the  above  genera.  Thus  of  the  44  known  Llandeilo 
Ehabdophora  we  have 

South  Wales. 
North  Wales 
Scotland  .  .  . 
Ireland  

Species. .  18 

82 
28 

85  occurrences  ; 
and  16  species  pass  to  the  succeeding  Caradoc. 
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Actinozoa. — Rali/sites  catenulatus,  Linn.,  Favositesfihrosus,  Goldf., 
and  Monticulipora  favulosa,  PhilL,  complete  the  list  of  the  Llandeilo 
Actinozoa.  No  English  form  is  known.  North  Wales  yields  Favo- 

sitesfihrosus. All  three  occur  in  South  "Wales,  and  Favositesfihrosus in  Ireland.  Scotland  has  no  representative.  All  three  species  pass 
to  the  Caradoc.  These  are  the  first  corals  occurring  in  the  British 
rocks  ;  but  they  expand  to  20  genera  and  42  species  in  the  succeeding 
Caradoc.  We  cannot  admit  that  change  of  condition  only  thus 
favoured  the  growth  and  development  of  the  Actinozoa.  It  is  true 
little  limestone  occurs  in  the  Llandeilo,  and  that  little  in  the  upper 
division  ;  but  the  organic  remains  in  the  Upper  Llandeilo  limestones 
are  chiefly  Crustacea.  The  increase  of  limestones  and  calcareous 
matter  in  the  Caradoc  rocks  being  due  to  life  agency,  we  may 
attribute  much  of  it  to  the  secretion  of  carbonate  of  lime  by  the 
Ccelenterata.  The  only  notable  or  appreciable  form  is  Holy 'sites, 
which  was  abundant. 

Echinodermata. — We  know  of  only  4  genera  and  4  species  of 
this  class,  which,  like  the  Actinozoa,  may  be  said  to  first  appear  in 
the  Llandeilo.  None  are  known  in  the  Arenig  below ;  but  4  species 
(1  Menevian  and  3  Tremadoc)  in  fragments  have  been  preserved  in 
older  formations.  The  4  Llandeilo  species  are  Actinocrinus  Wynnei, 
Echinosphazrites  granidatus,  Palaiasterina  Kinahani,  and  Glypto- 
crinus  hasalis.  The  first  3  are  Irish ;  Glyptocrinus  occurs  in  the 
South-Wales  Llandeilos.  Two  of  them  passed  to  the  Caradoc.  As 
with  the  Actinozoa,  this  group  became  greatly  developed  in  the 
Caradoc,  no  less  than  15  genera  and  32  species  enriching  that  for- 

mation. These,  like  the  corals,  must  have  lived  in  a  moderately 
deep  sea  well  charged  with  calcareous  matter. 

Annelida. — It  is  questionable  if  more  than  6  species  (although 
9  are  placed  in  the  Llandeilo)  occur :  Palceochorda  teres,  P.  major, 
and  P.  minor  may  be  Arenig  ;  they  are  very  sparingly  distributed, 
only  1  species  occurring  in  England,  South  Wales,  and  North  Wales, 
and  2  in  Scotland.    I  know  of  no  Irish  Llandeilo  Annelida. 

Crustacea. — In  this  class  the  Trilobita  are  of  high  significance, 
in  both  the  Llandeilo  and  Caradoc  formations,  especially  the  latter, 
in  which  we  know  of  more  than  100  British  species.  The  Llandeilo 
rockahave  yielded  18  or  20  genera  and  only  45  species,  or  upon 
the  average  only  about  2  species  to  each  genus.  Many  genera  are 
represented  only  by  1  species ;  these  are  Homalonotus  (H.  hisul- 
catus,  Salt.),  Lichas  (L.  patriarchus,  W.-Edg.),  Stygina  (8.  Murchi- 
sonias,  Murch.),  Cheirurus  (0.  Sedgwickii,  M'Coy),  and  Acidaspis  (A. 
Jamesii,  Salt.).  Much  has  yet  to  be  done  by  collectors  to  increase 
our  knowledge  of  the  specific  crustacean  fauna  of  the  Llandeilo  rocks. 
South  Wales  being  the  classical  locality  for  the  Llandeilo  group,  it  is 
natural  that  we  should  expect  to  find  there  the  largest  and  most 
typical  fauna,  crustacean  or  otherwise.  In  one  group  (Graptolites) 
we  have  seen  that  this  is  not  the  case,  Scotland  being  most  repre- 

sentative. Here,  however,  the  Crustacea  of  South  Wales  (29 
species)  are  double  those  of  North  Wales  (15),  and  ten  times  more 
than  those  of  Scotland,  which  has  yielded  only  3  species,  conditions 
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being  more  favourable  for  the  support  and  distribution  of  certain 
forms  of  life  in  one  area  than  the  other.  The  only  3  Scotch  Llan- 

deilo species  known  to  me  are  IW.&nus  Bowmanii,  Salt.,  Salteria 
involuta,  Thorn.,  and  S.  primceva,  Thorn.  The  6  Irish  species 
are  Acidaspis  Jamesii,  Ampyx  mammillatus,  Ogygia  Porilockii, 
Phacops  truncato-caudatus,  Calymene  duplicata,  and  AEglina  mirabilis. 
The  English  forms  are  chiefly  from  the  Shelve  area ;  and  8  out  of 
the  10  are  South- Wales  species. 

The  following  occupy  and  characterize  definite  areas;  they  are 
single  representatives  of  the  genera  named  : — 

North 
Wales. 

South 
Wales. England .  Scotland Ireland. 

Horoalonotus  bisulcatus 

Agnostus  M'Coyi   
Stygina  Murchisonse   
Cheirurus  Sedgwickii  
Acidaspis  Jamesii   

* 

1 

X- 

it 

# 
* 

4 1 

Thus  6  Llandeilo  genera  are  illustrated  by  only  1  species  each, 
England  and  Scotland  having  no  really  marked  or  characteristic 
form.    Nevertheless  there  are  important  Llandeilo  species  which 
are  entirely  restricted  to  that  formation,  not  ranging  either  lower 
or  higher.    The  most  important  are  : — 

North 
Wales. 

South 
Wales. England. 

Scotland. 
^  Ireland. 

 Portlockii   

  convexa   
Asaphus  tyrannus   

Trinucleus  Lloydii  

 Edgelli   

Barrandia  longifrons  

* 
it 

* 

* 

* it it 

it 

it 

it 

* 
it 
it 

* 

9 
13 

6 2 1 
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All  the  above  20  species  are  confined  to  the  Llandeilo  and  to  the 
geographical  areas  assigned  to  them,  and  they  are  essentially  cha- 

racteristic ;  the  remaining  15  species  pass  to  the  Caradoc,  and  are 
therefore  of  no  value  stratigraphically.  To  complete  the  analysis 
of  the  distribution  and  value  of  the  Crustacea  I  name  the  15  species 
that  connect  the  Llandeilo  and  Bala  formations  : — 

Acidaspis  Jamesii. 
Homalonotus  bisulcatus. 
Illsenus  Bowmanni. 
Ampyx  mammillatus. ■  rostratus. 

 nudus. 

Asaphus  Powisii. 
Calymene  duplicata. 

Calymene  Blunienbachii. 
  brevicapitata. 

Trinucleus  fimbriatus. 
 concent  ricus. 

Phacops  apiculatus. — —  truneato-caudatus. 
JEglina  mirabilis. 

The  singular  Phyllopod  Peltocaris  aptychoides  occurs  both  in  Scot- 
land and  North  Wales,  and  is  not  known  out  of  the  Llandeilo  beds. 

Beaghtopoda. — This  class  is  an  important  factor  in  the  Llandeilo 
rocks ;  10  genera  and  34  species  are  known.  Eive  new  genera  appear, 
Acrotreta,  Crania,  Rhynchonella,  StropTiomena,  and  Leptcena ;  the 
first  4  with  a  single  known  species  only ;  but  Leptcena  has  yielded 
4  species,  all  of  which  occur  in  South  Wales,  and  2  of  them  in  North 
Wales.  As  we  should  anticipate,  the  species  are  most  numerous  in 
South  and  North  Wales.  The  former  area  gives  us  26  species,  the 
latter  18  ;  Scotland  9,  and  England  6.  Although  there  are  20  species 
in  the  Arenig  group  (and  34  in  the  Llandeilo)  yet  no  species  is  common 
to  the  two  formations,  no  Arenig  form  passes  up ;  but  of  the  34 
Llandeilo  forms,  23  pass  to  the  Caradoc.  This  is  chiefly  through 
the  genera  Lingula,  Orthis,  and  Leptcena — 4  out  of  6  in  the  former 
genus,  11  out  of  13  in  OrtJiis,  and  all  the  known  4  in  Leptcena. 
We  have  already  seen  that  of  the  whole  fauna  of  the  Arenig  (150 
species)  only  17  pass  up  into  the  Llandeilo ;  whereas  no  less  than  72 
out  of  175  Llandeilo  species  are  found  in  the  Caradoc,  viz.  Hydrozoa 
16  species,  Crustacea  17,  Brachiopoda  23,  Bivalvia  3,  Gasteropoda  4, 
Heteropoda  5,  and  Cephalopoda  2.  The  remaining  forms  are  dis- 

tributed through  smaller  classes.  But  for  the  distinctive  character 
of  the  Abereiddy-Bay  and  Caermarthenshire  faunas,  there  is  much 
that  is  common  between  the  Llandeilo  and  Caradoc. 

Lamellibeanchiata. — With  the  exception  of  the  Irish  species 
Pleurorhynchus  calcis,  Baily,  all  the  Bivalve  Mollusca  known  are  from 
the  South- Wales  Llandeilos.  We  know  of  no  Llandeilo  Pelecypod 
mollusk  either  in  England  or  Scotland.  Cardiola  interrupta  occurs 
in  both  North  and  South  Wales ;  Modiolopsis  expansa,  M.  inflata, 
Ctenodonta  varicosa,  and  Palcearca  amygdalus  only  in  the  South- 
Welsh  beds.  Three  pass  to  the  Caradoc.  Pleurorhynchus  and  Car- 

diola are  new  genera. 
Gasteeopoda. — South  Wales  has  hitherto  only  given  us  1  species, 

Murchisonia  simplex,  M'Coy ;  Ireland  2,  Euomphalus  parvus,  Portl., 
and  Twsho  tritorquatus,  M'Coy ;  the  Shelve  area  and  North  Wales 
Cyclonevia  cr eon  stria,  M'Coy,  and  Euomphalus  corndensis,  Sow.,  the 
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remaining  7  being  from  the  Durness  limestone  of  Scotland  (they  may- 
be Arcnig).  The  Scotch  species  are  Euomplialus  matutinus,  Hall, 

Murchisonia  angulocincta,  Salt.,  ill.  angustata,  Hall,  M.  bellicincta, 
Salt.,  M.  gracilis,  Hall,  Ophileta  compacta,  Salt.,  and  Pleurotomaria 
thuli,  Salt.  Three  of  the  12  pass  to  the  Carodoc.  Euomphalus, 
Cyclonema,  and  Murchisonia  are  new  genera,  and  first  appear  in 
the  Llandeilo. 

Pteropoda. — Three  species  of  Theca — T.  cometoides,  Uaily  (Irish), 
T.  reversa,  Salt.,  and  T.  caereesiensis,  Hicks  (from  St.  David's).  No 
species  occurs  in  England,  North  Wales,  or  Scotland. 

Heteropoda. — Scotland  possesses  5  of  the  7  species  known  ;  and 
4  of  the  5  are  Maclurece.  These  are  associated  with  the  Gastero- 

poda in  the  Durness  limestone.  Belleroplwn  perturhatus  is  a  North 
and  South  Welsh  species  ;  and  B.  bilobatus,  English,  North  and  South 
Welsh  also.  Euomplialus  scoticus  is  from  the  Ayrshire  rocks.  The 
3  last-named  species  and  Ecculiomplialus  pass  to  the  Caradoc. 

Cephalopoda. — Of  the  3  genera  and  7  species  none  occurs  either 
in  North  Wales  or  Ireland.  The  only  English  species  is  Orthoceras 
Avelani  ?,  Salt.,  from  the  Shelve  area  (Shropshire)  ;  Endoceras  eoum, 
Edgell,  is  from  South  Wales.  The  remaining  5  of  the  7  known 
species  are  Scotch,  including  the  singular  genus  Piloceras  (P.  in- 
vaginatum)  from  the  Durness  limestone. 

The  accompanying  Table  (p.  126)  gives  the  following  results. 
The  12  zoological  groups  occurring  in  the  Llandeilo  rocks  are  re- 

presented by  80  genera  and  175  species,  which  are  numerically 
distributed  as  follows : — 

England    ....  18  genera  and  26  species. 
North  Wales..  30     „       „   47  „ 
South  Wales..  47     „       „   88  „ 
Scotland    ....  31     „       „   66  „ 
Ireland   31     „       „  57 

38  genera  and  73  species  of  the  175  pass  to  the  Caradoc.  It 
will  be  seen  that  it  is  through  the  Hydrozoa,  Crustacea,  and  Bra- 
chiopoda  that  the  community  of  species  largely  occurs  between  the 
Llandeilo  and  Caradoc  generically  and  specifically — through  the 
Hydrozoa  9  genera  and  16  species,  the  Crustacea  9  genera  and 
17  species,  and  the  Erachiopoda  7  genera  and  23  species.  The  re- 

maining passage  numbers  are  seen  in  Table  IX. 
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Table  IX. — Llandeih. 

Classes. 

Hantae. 
Protozoa   , 

Hydrozoa   , 
Actinozoa   
Echinodermata 
Annelida   
Crustacea   

Bryozoa. 
Brachiopoda  
Lamellibranchiata 

Gasteropoda   
Pteropoda  
Heteropocla   
Cephalopoda  

1 
18 

3 
4 
6 

20 

10 

5 
6 
1 
3 
3 

1 
44 

3 
4 
9 

45 

34 
6 

12 
3 
7 
7 

175 

Geographical  Distribution. 

Caradoc  or  Bala. 

The  rocks  overlying  the  Arenig  and  Llandeilo  groups,  and  under- 
lying the  May-Hill  Sandstone,  have  received  much  critical  attention 

from  Sedgwick,  Murchison,  M'Coy,  Salter,  and  the  officers  of  the 
Geological  Survey.  The  facies  of  the  fauna  is  that  of  the  Llandeilo, 
but  greatly  developed.  The  increased  fauna  of  the  Caradoc  is 
scarcely  recognized  until  subjected  to  critical  research  and  analysis. 
The  difference  in  the  fossil  contents  of  the  two  groups  is  due  chiefly 
to  age  and  the  conditions  under  which,  they  were  deposited.  Sedg- 

wick, in  1853,  placed  the  Bala  group  in  his  "  Upper  Cambrian  " 
division,  dividing  it  into  Lower,  Middle,  and  Upper  Bala ;  it  in- 

cludes also  the  Cambro- Silurian  of  some  authors,  a  term  used  or 
adopted  by  Prof.  Jukes  in  his  '  Manual  of  Geology/ 

Prom  the  year  1832  to  1853  Sedgwick  included  the  Caradoc  in 
the  term  "  Lower  Bala,"  not  admitting  then  the  existence  of  the 
term  Caradoc.  Sir  H.  de  la  Beche,  Prof.  J.  Phillips,  and  the  Survey, 
from  1840  to  the  present  date,  designate  this  formation  the  "Caradoc 
or  Bala."    Murchison,  from  1831  to  1859,  used  the  term  "Caradoc 
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Sandstone."  The  term  Llandeilo  was  not  admitted  by  Sedgwick 
either  in  the  '  Synopsis  '  or  the  Woodwardian  Catalogue  ;  therefore 
great  difficulty  was  and  is  still  felt  as  to  the  identification  of  species 
long  ago  collected  in  certain  localities,  especially  those  having 
reference  to  the  Lower  "  Llandeilo  of  Murchison  "  and  the  Arenig 
of  Sedgwick ;  the  faunas  of  all  three  groups  require  careful  revision, 
in  consequence  of  old  or  early  errors,  which  of  necessity  demand  it. 

Sir  Roderick  Murchison,  in  1833,  first  noticed  the  "  Caradoc 
Sandstone  "*;  in  1834  the  same  rocks  were  described  by  him  under 
the  name  of  the  "  Horderley  and  May-Hill  Sandstone."  In  the 
'  Silurian  System,'  subsequently  published,  these  strata  were  called 
"  Caradoc  Sandstone,"  the  name  being  based  upon  their  being  highly 
developed  in  the  neighbourhood  of  Caer  Caradoc. 

In  the  early  history  of  the  Caradoc  rocks  the  fossils  of  the 
Pentameras-beds  were  included  in  its  lists.  The  Survey  subsequently 
corrected  this,  by  separating  the  upper  part  or  highest  beds  of  the 
Caradoc.  In  1852  Prof.  Sedgwick  and  Mr.  Salter  in  part  corrected 
this  error,  and  showed  that  the  fossils  of  the  May-Hill  group  were 
very  distinct  from  those  of  the  Caradoc  Sandstone.  Again,  the 
upper  Pentamerus-heds  rest  unconformably  on  the  true  Caradoc 
Sandstone,  and  the  whole  pass  under  the  Wenlock  Shale.  In 
Shropshire  and  at  Builth  the  unconformity  is  visible ;  and  in  the  * 
Malvern  area,  west  of  the  Herefordshire  and  Worcestershire  Beacons, 
the  Upper  Llandovery  beds  lie  directly  upon  the  Upper  Lingula-flags 
or  "Dilemma-shales."  Again,  the  Upper  Llandovery  beds  on  the 
banks  of  the  Onny  river  lie  on  the  upper  part  of  the  Caradoc 

or  Bala  beds.  "West  of  Wenlock  Edge  they  cover  the  nearly  vertical 
edge  of  the  Cambrian  or  Longmynd  rocks.  "  Probably,"  says  Prof. 
Ramsay,  "  there  is  no  unconformity  so  complete  yet  observed  in 
other  members  of  the  British  Silurian  strata."  Besides  the  researches 
and  large  collections  of  fossils  made  by  the  Survey  from  these 
rocks,  the  labours  of  Sedgwick  are  preeminently  associated  with  the 
Caradoc  and  Bala  beds  of  Wales,  through  the  great  memoir  on  the 
British  Palaeozoic  Possils,  in  which  he  was  so  well  aided  by  Prof. 

M'Coy,  and  the  "Woodwardian  Catalogue "t  prepared  by  Salter 
from  the  great  store  of  materials  in  the  Woodwardian  Museum  at 
Cambridge,  and  which,  many  years  previously,  he  had  helped 
Sedgwick  to  collect,  and  name,  from  the  classical  localities  in  Wales. 
To  Prof.  Ramsay,  for  his  valuable  memoir  on  the  Geology  of 
Forth  Wales  5,  every  student  is  deeply  indebted.  In  this  great 
treatise  every  detail  relative  to  the  physical  history  and  distribu- 

tion of  the  Caradoc  and  Bala  rocks  and  fossils  is  treated  upon  ; 
and  to  the  appendix,  originally  compiled  by  Mr.  Salter,  I  have 
greatly  added,  especially  in  that  portion  treating  of  the  distribution 
of  life,  not  only  for  the  Caradoc,  but  through  the  whole  of  the  for- 

*  Proceedings  of  the  Geological  Society,  1833,  vol.  i.  p.  476. 
t  '  A  Catalogue  of  the  Collection  of  Cambrian  and  Silurian  Fossils  contained 

in  the  Geological  Museum  of  the  University  of  Cambridge.'  By  J.  W.  Salter, F.G.S.    With  a  Preface  by  the  Rev.  A.  Sedgwick,  LL.D.^F.R.S. 
\  Mem.  Geol.  Surv.  of  Great  Britain,  vol.  iii.  Geology  of  North  Wales. 
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mations  of  North  and  South  Wales.  The  portion  of  the  memoir  by 

Prof.  Ramsay  devoted  to'  the  Caradoc  is  of  necessity  large,  arising 
from  the  extent,  magnitude,  and  importance  of  the  Caradoc  rocks 
as  developed  in  North  and  South  Wales,  Westmoreland,  Ireland, 
and  Scotland,  I  therefore,  as  in  the  case  of  the  older  groups,  com- 

pare or  attempt  to  correlate  other  portions  of  Britain  with  the 
typical  area  in  Wales,  so  as  to  show  the  present  aspect  or  distribu- 

tion of  the  Caradoc  fauna,  which  is  so  largely  developed  in  the 
British  Islands.  To  devote  much  space  to  the  purely  geological 
aspect  of  the  Caradoc  would  be  needless  under  present  circum- 

stances, as  so  much  has  already  been  done  by  able  observers  in  the 
pages  of  our  Journal,  as  well  as  in  the  exhaustive  memoir  on  North 
Wales  by  Prof.  Ramsay.  My  tabular  results  in  the  appendix  to  the 
above  memoir,  relative  to  the  distribution  of  the  Caradoc  fossils  both 
in  time  and  space,  will,  when  published,  embody  almost  all  the  in- 

formation known.  The  result,  however,  will  be  referred  to  here,  as 
being  a  complete  analysis  of  the  600  species.  It  is  scarcely  neces- 

sary for  me  to  discuss  the  views  of  authors  as  to  very  minute  sub- 
divisions of  the  Caradoc  group  in  any  given  area  or  under  any 

peculiar  condition  ;  such  will  always  arise  under  critical  examina- 
tion, extended  knowledge,  or  constant  research ;  and  large  as  we  know 

the  fauna  to  be,  owing  to  the  rocks  being  so  extensively  worked  in 
the  days  of  Sedgwick  and  Murchison,  and  through  the  long-con- 

tinued labours  of  the  Geological  Survey,  yet  many  of  the  zoological 
groups  are  still  being  added  to.  This  is  notably  the  case  with  the 
elaborate  memoir  upon  the  Grirvan  fossils  by  Prof.  A.  Nicholson  and 
Mr.  Etheridge,  jun.,  the  first  volume  of  which,  containiug  this 
addition  to  our  knowledge  of  the  Caradoc  fauna  of  Scotland,  is  just 
completed  and  published.  In  this  work  the  authors  describe  41 
genera  and  65  species,  many  of  which  are  new.  Perhaps,  with  the 

exception  of  Mr.  Lapworth's  paper  on  the  Graptolites  of  the  Moffat 
series  at  Girvan  and  Glenkiln*  (mostly  Lower-Bala  or  Llandeilo 
forms)  no  more  important  addition  to  our  knowledge  of  the  Caradoc 
fauna  has  been  made  siuce  M'Coy  completed  his  great  work  upon the  British  Palaeozoic  fossils. 

The  legends  attached  to  the  published  maps  of  the  Geological  Survey, 
and  the  explanation  of  the  colours  employed  to  designate  the  horizons 
or  formations  surveyed,  show  that  no  attempt  was  made  by  the  Survey 
to  divide  the  Caradoc  rocks  into  subgroups,  or  into  Lower,  Middle,  and 
Upper  Caradoc  or  Bala  ;  neither  does  Prof.  Ramsay,  in  that  part  of 
his  memoir  devoted  to  the  Caradoc  rocks,  attempt  any  subdivision, 
but  masses  the  whole  group  between  the  top  of  the  Llandeilo  and 
the  overlying  Llandovery.  In  the  Catalogue  of  the  Cambrian  and 
Silurian  fossils  in  the  Woodwardian  Museum,  Cambridge,  Prof. 
Sedgwick  has  divided  the  Bala  beds  into  three  subgroups,  placing 
them  in  his  Upper  Cambrian  stage  (the  Cambro-Silurian  of  some 
authors),  the  Lower  Silurian  of  Murchison.  The  grouping  adopted 
in  this  catalogue  is  such  as  to  eliminate  the  true  Llandeilo  fossils, 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxiv.  pp.  249-346. 
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and  place  them  in  his  Lower  Bala  group.  The  Bala  group,  or 
Upper  Cambrian  of  Sedgwick,  consists  therefore  of 

f  Lower  Bala=  Llandeilo  flags  (Upper  Llandeilo  of  the 
j     Geological  Survey,  the  Arenig  being  the  Lower). 

Upper       J  Middle  Bala=the  Caradoc  Sandstone  and  Bala  rocks 
Cambrian*.  )      (Geological  Survey  and  Sir  R.  Murchison). 

I  Upper  Bala = the  Caradoc  Shales,  Hirnant  Limestone, 
^    and  Lower  Llandovery  rock  (Geological  Survey). 

The  Upper  Llandovery  or  May-Hill  Sandstone  un  conformably  over- 
lies these. 

Sedgwick's  Middle  Bala,  and  part  of  the  Upper,  are  therefore 
equivalent  to  the  true  Caradoc  of  the  Geological  Survey ;  and  as 
such  I  treat  that  group  here ;  or  the  Middle  Bala  of  the  Cambridge 
Catalogue  will  embrace  the  whole  of  the  600  species  known  as 
Caradoc  forms.  I  have  already  discussed  the  Llandeilo  formation 
proper  iu  the  sense  now  used  by  the  Geological  Survey,  having 
relegated  those  species  hitherto  called  Lower  Llandeilo  to  the  Arenig 
group — the  Middle  Cambrian  of  Sedgwick?.  The  Lower  Bala 
includes  certain  dark  earthy  slates  and  bands  of  limestone  occurring 
on  the  east  flank  of  the  Arenigs,  Mynydd  Tarw  and  Craig-y-glyn 
above  Llanarmon  in  the  Berwyns,  the  black  slates  on  the  flanks  of 
Snowdon,  also  the  arenaceous  deposits  on  the  west  side  of  Bala  Lake 
below  the  Bala  Limestone,  and  that  limestone  also. 

The  Middle  Bala  group  of  the  Woodwardian  Catalogue  embraces 
the  Bala  Limestone  and  its  associated  sandstones  and  slates  in  North 
and  South  Wales.  In  Shropshire  it  is  the  Caradoc  Sandstone,  with 
its  Horderley  Limestone.  The  Coniston  and  Kildare  limestones,  and 
the  Craig-Head  and  Peebles  limestones,  are  all  of  this  age  J. 

Sedgwick's  "  Upper  Bala  "  comprehends  the  Aber-Hirnant  beds 
above  the  Bala  Limestone  (with  peculiar  fossils),  the  lower  part  of 
the  Coniston  Mags  (that  conformable  to  the  limestone),  and  all  beds 
above  the  Bala  Limestone  and  beneath  the  May-Hill  Sandstone. 
Again,  the  "  Upper  Bala "  includes  all  the  beds,  whether  near 
Meifod  or  Welchpool  or  Llanwyddyn,  which  lie  above  the  Bala 
Limestone  and  under  the  unconformable  cover  of  the  Denbighshire 
grit  and  flag.    In  ascending  order  the  Upper  Bala  includes 

1.  The  Hirnant  Limestone  and  slate  =  Coniston  Flags, 
lower  part  only  (Ashgill,  Coldwell,  &c),  above 
the  Coniston  Limestone, 

f  S  lo-  *  V\    I  ̂*  I^and°very  beds  (Lower  Llandovery  of  Murchison) 
^     0  1  =the  Mathyrafal  Limestone,  near  Meifod,  of 

1^  Sedgwick. 
"  It  is  the  great  fossiliferous  group  of  Haverfordwest.  The 

Daiquorhan  and  Mullock  beds  in  Ayrshire,  the  fossiliferous  rocks  of 

Maume  and  Cong  in  Galway  belong  in  part  to  it"§. 
*  Vide  Woodwardian  Catalogue.  Cambridge,  pp.  25,  26,  &c. 
t  Consult  the  table  of  equivalents  of  the  strata  underlying  the  May-Hill 

Sandstone,  Woodwardian  Catalogue,  p.  25. 
\  Vide  Woodwardian  Catalogue,  pp.  26,  39.  §  Log.  cit.  pp.  26,  72. 

Upper 
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It  has  been  stated  that  the  fauna  of  the  Llandeilo  rocks  num- 
bers 80  genera  and  175  known  species.  The  Caradoc  or  Bala 

contains  179  genera  and  613  species;  or  88  new  genera  and  375 
new  species  make  their  appearance  either  at  the  close  of  the 
Llandeilo  or  during  that  period  which  ushered  in  or  brought  about 
those  changes  of  conditions  under  which  the  deposits  of  the  Cara- 

doc sea  were  accumulated  and  its  species  developed  and  multiplied, 
covering  as  it  does  so  extensive  an  area  in  Europe  and  Britain,  also 
extending  to  America,  whether  homotaxially  in  that  region  or  con- 

temporaneously with  the  deposition  in  the  British  area  it  is  difficult 
to  say.  That  the  Trenton  and  Hudson-River  group  of  North 
America,  and  nearly  the  whole  of  the  Etage  D  of  Barrande  (Bohemia) 
and  Regio  D  of  Angelin  (Sweden),  are  the  equivalents  of  our  great 
Middle  Caradoc  and  Bala,  or  the  true  Caradoc,  is  now  not  doubted. 
The  fauna  of  the  Bala  group,  especially  in  its  zoological  groupings, 
differs  much  from  the  preceding  Llandeilo,  although  many  species 
(85)  are  common  to  the  two  formations. 

I  purpose  treating  of  the  Caradoc  rocks  and  their  fossils  at  some 
length — their  stratigraphical  place,  the  geographical  distribution  of 
their  fossils  (especially  with  reference  to  the  succeeding  Lower  and 
Upper  Llandovery) — questions  which  demand  critical  examination 
or  analysis. 

The  three  classes  having  the  greatest  number  in  common  are  the 
Hydrozoa  (Rhabdophora),  the  Crustacea  (Trilobita),  and  the  Bra- 
chiopoda.  The  number  of  known  species  in  the  Llandeilo  in  each 
of  the  above  classes  is 

Hydrozoa    44 
Crustacea    45 
Brachiopoda    34 

In  the  Caradoc  fauna  the  same  three  classes  number,  including 
those  from  the  Llandeilo, 

Hydrozoa    38 
Crustacea    146 
Brachiopoda    109 

Numerically,  the  remaining  ten  classes  have  little  value  for  compa- 
rison, although  the  Actinozoa,  Echinodermata,  Lamellibranchiata, 

and  Gasteropoda  are  well  illustrated  (see  Table  X.).  It  is  through 
the  above  three  extensively  developed  groups,  which  are  mainly 
moderately  deep-sea  forms,  that  the  two  formations  are  united. 

The  fact  of  73  species  out  of  175  passing  from  the  Llandeilo  to 
the  Caradoc  is  highly  suggestive,  and  is  confirmatory  of  the  views  of 
Sedgwick  in  uniting  the  Llandeilo  to  the  Lower  Bala;  and  the 
distinctiveness  of  the  great  Middle  Bala  is  confirmed  by  the  fact 
that,  out  of  610  species  in  that  formation,  only  102  pass  to  the  Lower 
Llandovery.  Therefore,  on  palseontological  data,  we  may  regard  the 
Llandeilo  and  Caradoc  as  being  most  closely  allied.  The  102  trans- 
gressive  Caradoc  species  are  distributed  through  the  following 
classes : — 
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1  out  of  10 
Hydrozoa   1 36 
Coelenterata   20 

>•> 

40 Annelida   2 99 15 Echinodermata  .  .  . .  2 
55 32 16 
35 

146 
Bryozoa   4 

99 

21 

Brachiopoda   33 
53 

m  PllilrraTinma  \c\ J^CLi-U.Ci_Ll  Ul  clllL/ULl CI  LcX  . .  3 33 76 
10 99 

53 

Pteropoda  1 59 12 
Heteropoda   1 

33 

15 
.  7 93 47 

101 95 612 

Pass  to  Lower 
Llandovery. 

The  important  zoological  groups  in  the  Caradoc  are  therefore  the 
Hydrozoa,  Coelenterata,  and  Echinodermata — the  latter  especially 
through  the  Cystideans,  no  less  than  8  genera  and  23  species  illus- 

trating this  rare  group.  The  Crustacea  number  146  species,  of  which 
106  are  peculiar;  20  species  are  from  the  Llandeilo  and  16  pass 
upwards  to  the  Lower  Llandovery,  leaving  thus  for  the  Caradoc 
and  Bala  beds  the  largest  Crustacean  fauna  known  in  the  Lower 
Palaeozoic  rocks.  Only  4  species  of  Bryozoa  out  of  the  21  appear  to 
pass  to  the  Lower  Llandovery ;  and  they  all  commence  in  the 

Caradoc  :  they  are  Fenestella  subantiqua,  d'Orb.,  Ptilodictya  dicho- 
toma,  Portl.,  P.  coslellata,  M'Coy,  and  P.  lanceolata,  Goldf.  We 
should  expect  more  species  in  common  in  this  group,  from  the  fact 
of  their  being  usually  a  moderately  deep-sea  family,  and  less  subject 
to  vicissitude  or  change  than  littoral  or  sublittoral  species.  The 
Brachiopoda  of  the  Caradoc  and  Bala  group  number  109  species, 
representing  16  genera ;  they  are  more  numerous  than  in  other  of 
the  Palaeozoic  rocks.  33  of  the  109  pass  to  the  Lower  Llandovery  ; 
and  we  have  seen  that  the  connexion  with  the  Llandeilo  below  is 
through  26  species,  leaving,  therefore,  50  as  Caradoc  proper.  As 

regards  geographical  distribution,  N"orth-"Welsh  forms  greatly  pre- dominate, owing  probably  to  the  larger  amount  of  research  to  which 
the  rocks  of  the  four  counties  of  Caernarvon,  Denbighshire,  Mont- 

gomeryshire, and  Merioneth  have  been  subjected.  Ireland  also  has 

yielded  60  species,  and  Scotland  40.  Their  more  complete*  distribu- tion will  be  further  discussed  under  that  head. 
The  littoral  or  shallow-sea  condition  of  the  Caradoc  is  further 

illustrated  by  the  occurrence  of  a  large  number  of  bivalve  Mollusca. 
No  less  than  76  species  are  known  ;  and  of  these  only  3  species  pass 
to  the  Lower  Llandovery,  viz.  Pterincea  retrqflecca,  Wahl.,  Orthonota 
sulcata,  His.,  and  Mytilus  mytilimeris,  Conr. ;  and  2  of  these  3  forms 

pass  to  the  Ludlow  and  the  "Upper  Llandovery,  viz.  Pterincea  retroflexa and  Mytilus  mytilimeris ;  so  that  66  species  of  Lamellibranchata  be- 
long to  the  Caradoc  exclusively ;  and,  strange  as  it  may  appear,  these 

3  are  the  only  species  known  in  the  whole  of  the  Lower  Llandovery. 
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The  Bivalvia  of  the  Caradoc  exceed  in  number  those  of  any  other 
known  formation  below  the  Carboniferous  Limestone.  Careful  analysis 
shows  that  the  Arenig  rocks  contain  only  6  species,  the  Llandeilo  6, 
the  Caradoc  76,  Lower  Llandovery  3,  Upper  Llandovery  29,  Wen- 
lock  45,  and  the  Ludlow  71  species ;  about  13  species  range  from 
the  Caradoc  upwards  or  through  to  the  Ludlow,  7  to  the  Upper 

Llandovery,  3  to  the  "Woolhope,  11  to  the  "Wenlock,  and  12  to  the 
Ludlow — this  of  course  being  inclusive,  as  some  of  the  same  forms 
appear  more  than  once  in  their  range.  It  is  not  improbable  that 
errors  as  to  species  occur,  especially  when  we  have  to  do  in  many 
instances  with  mere  casts  in  these  arenaceous  deposits.  In  both  the 
Lower  and  CJpper  Llandovery  groups  the  fossils  are  badly  preserved, 
being  casts  only.  If  the  Lamellibranchs  are  largely  represented  in 
the  Bala  group,  the  Gasteropoda  are  almost  equally  so,  by  14  genera 
and  53  species  ;  2  only  (MurcJiisonia  simplex,  M'Coy,  and  Turbo 
tritorquatus,  M'Coy)  are  common  to  the  Llandeilo  below;  10  pass  to 
the  Lower  Llandovery  ;  9  direct  to  the  Upper  Llandovery  ;  7  species 
are  common  to  the  Caradoc,  Lower  Llandovery,  and  Upper  Llan- 

dovery ;  they  are  Cyclonema  crebristria,  M'Coy,  Holop>ella  cancellata, 
Sow.,  H.  tenuicincta,  M'Coy,  MurcJiisonia  cancellata,  M'Coy,  M. 
pulchra,  M'Coy,  Trochonema  triporcatum,  M'Coy,  and  Bhaphistoma 
lenticulare,  Sow.  Only  3  species  pass  to  the  Wenlock  rocks  :  one 
of  these  is  Holopella  cancellata,  Sow.  The  Gasteropod  fauna  there- 

fore is  as  significant  as  the  Lamellibranchs,  no  fewer  than  32  of 
the  53  species  being  confined  to  the  Caradoc  or  Bala  group.  16  of 
the  53  are  peculiarly  Irish  forms,  and  5  Scotch,  leaving  21  for  dis- 

tribution through  the  North-  and  South- Welsh  and  English  beds,  of 
which  9  occur  in  the  Caradoc  of  Shropshire.  I  have  no  determined 
species  from  Westmoreland  ;  North  Wales  yields  26  species,  South 
Wales  only  3,  viz.  Cyclonema  crebristria,  Holopella  cancellata,  and 
Patella  saturni,  and  these  only  in  Caermarthenshire.  This  group, 
like  the  bivalves,  indicates  shallow-water  conditions. 

The  Pteropoda  (4  genera  and  12  species)  are,  with  4  exceptions, 
confined  to  the  Caradoc.  Conularia  Sowerbyi  passes  to  the  Lower 

Llandovery,  Wenlock,  and  Ludlow  ;  Ecculiomplialus  scoticus,  M'Coy, 
is  Llandeilo  and  Upper  Llandovery  ;  9  of  the  known  species  are 
Irish,  and  3  of  them  Scotch  ;  so  that  the  Lower  Llandovery  is  only 
directly  allied  to  the  Caradoc  by  one  form  (C.  Sowerbyi)  out  of 
the  12  occurring.  This  is  even  more  strongly  manifested  by  the 

associated*  class  Heteropoda,  of  which,  as  in  the  Pteropoda,  only  1 
species  in  15  passes  to  the  Lower  Llandovery — Bellerophon  carinatus, 
Sow.,  being,  so  far  as  I  know,  the  only  form  in  this  group  connecting 
the  two  formations.  Bellerophon  bilobatus,  Sow.,  B.perturbatus,  Sow., 
and  Maclurea  macromphala,  M'Coy,  are  also  Llandeilo.  The  Upper 
Llandovery  has  3  in  common,  Woolhope  4,  Wenlock  2;  and  2 
pass  to  the  Ludlow.  Specifically,  6  pass  up,  leaving  8  as  be- 

longing to  the  horizon.  The  Pteropoda,  being  strictly  or  essen- 
tially pelagic,  give  us  little  clue  as  to  bathymetric  conditions  at 

the  time  of  deposition.  Neither  do  the  Cephalopoda  ;  but  no  single 
class  is  so  preeminently  Caradoc  :  of  the  47  known  species,  only  1 



ANNIVERSARY  ADDRESS  OE  THE  PRESIDENT. 

133 

{Orthoceras  arciioliratum,  Hall)  unites  it  with  the  Llandeilo  group 
(and  this  I  believe  to  be  a  doubtful  species) ;  and  only  7  connect  it  with 
the  Lower  Llandovery,  and  3  of  the  7  do  not  range  higher.  The  7 
species  are  Lituites  cornu  arietis,  Sow.,  Orthoceras  ibex,  Sow.,  0. 
vagans,  Salt.,  0.  annulatum,  Sow.,  0.  Barrandii,  Salt.,  0.  politum, 
M'Coy,  and  0.  tenuistriatum,  Miinst.  The  3  species  that  directly 
unite  the  Caradoc  and  Lower  Llandovery  are  three  of  the  above — 
0.  vagans,  Salt.,  0.  annulatum,  Sow.,  and  0.  Barrandii,  Salt.  9 
range  to  the  Upper  Llandovery,  4  to  the  Woolhope,  9  to  the  Wenlock, 
and  3  to  the  Ludlow.  These  are  the  appearances  of  species  that 
ascend  through  and  into  the  higher  formations.  30  of  the  47  species 
are  confined  to  the  Caradoc,  not  ranging  higher,  whereas  15  species 
pass  to  the  rocks  above.  Ireland  is  represented  by  24  of  the  47 
species,  18  of  which  do  not  leave  the  Caradoc  horizon,  and  17  are 
strictly  confined  to  the  Irish  deposits. 

Of  the  Scotch  Caradoc  Cephalopoda  we  only  know  of  6  restricted 
species,  viz.  Orthoceras  auclax,  Salt.,  0.  arciioliratum,  Hall  (also 
Llandeilo),  0.  vaginatum,  Schloth.,  0.  politum,  M'Coy,  0.  primcevum, 
Forbes,  and  0.  tenuistriatum,  Miinst. ;  and  only  15  species  out  of  the 
known  47  occur  in  the  Scotch  rocks. 

Geographical  Distribution. 

I  have  now  to  treat  of  the  geographical  distribution  of  the 
extensive  series  of  species  occurring  in  the  Caradoc  and  Bala  rocks, 
the  large  fauna  (614  species)  being  an  additional  reason  for  so  doing, 
more  especially  considering  the  widely  spread  area  occupied  by  the 
Lower  and  Middle  Bala  groups.  It  would  be  impossible  to  give  all 
the  localities  whence  our  knowledge  of  their  distribution  has  been 
derived  ;  but  the  chief  in  North  Wales  number  between  30  and  40, 
and  in  South  Wales  about  10.  The  Shropshire  and  Westmoreland 
localities  are  less  numerous,  but  are  prolific  in  species. 

The  following  10  areas,  including  about  50  localities  in  the  British 
Islands,  have  yielded  the  613  species  known.  Their  occurrences  or 
appearances  number  1555. 

Caernarvonshire   105  species,  distributed  in  10  chief  localities. 
North 
Wales. 

South 
Wales. 

England. 
Scotland 
Ireland 

Denbighshire    131 
Montgomeryshire    138 
Merionethshire    162 
Pembrokeshire    93 
Caermarthenshire   72 
f  Shropshire   123 
\  Westmoreland    123 

  302 
  306 

6 
5 

10 5 
5 

1555 

The  actual  number  of  species  (so  far  as  we  know)  occurring  in 
North  Wales  is  270,  in  South  Wales  134,  in  Shropshire  123,  in 
Westmoreland  123,  in  Scotland  302,  and  in  Ireland  306. 

The  intimate  relation  of  the  Caradoc  to  the  succeeding  Lower 
vol.  xxxvn.  I 
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Llandovery  rocks  obliges  me  to  show  their  specific  affinity,  for  the 
purpose  of  ascertaining  the  palseontological  value  of  the  Lower  Llan- 

dovery (the  Upper  Bala  of  Sedgwick).  Analysis  shows  that,  of  the 
613  Caradoc  species,  103  pass  to  the  Lower  Llandovery  ;  but,  strange 
as  it  may  appear,  107  are  common  to  the  Caradoc  and  Upper  Llan- 

dovery, although  we  know  of  the  stratigraphical  break  that  occurs 
between  the  two  formations.  This  relation  is  chiefly  through  the 
Actinozoa,  Hydrozoa,  and  Brachiopoda,  as  we  might  expect  from  their 
bathymetrical  position  and  habitat. 

Of  the  40  known  corals,  22  (or  more  than  one  half)  range  to  the 
Llandovery  rocks,  20  occurring  in  the  Lower  and  17  in  the  Upper 
Llandovery ;  or  all  but  3  are  both  Lower  and  Upper  Llandovery ; 
and  37  species  of  Brachiopoda,  out  of  the  109  known,  pass  to  the 
Llandovery,  33  of  which  are  Lower  Llandovery. 

Of  the  16  species  of  Annelida,  only  2  pass  to  the  Lower  and 
Upper  Llandovery,  Tentaculites  anglims  and  Cornulites  serpularius ; 
they  range  also  to  the  Ludlow. 

The  class  Echinodermata,  represented  by  32  species,  is  remark- 
able for  the  occurrence  of  8  genera  of  Cystidea  and  no  less  than 

23  species.  They  essentially  characterize  the  Caradoc  and  Bala 
rocks  ;  with  the  exception  of  one  species  (EcMnosphcerites  araclx- 
noidea,  Forbes),  which  passes  up  into  the  Lower  Llandovery,  all 
are  peculiar.  It  is  only  in  the  Caradoc  and  Wenlock  strata  that  the 
Cystidea  are  a  well-developed  and  characteristic  group  of  the  Echi- 

nodermata ;  they  are  replaced  in  the  Carboniferous  rocks  by  the 
Blastoidea  (Pentremites  and  Codonaster)  and  do  not  appear  again. 

The  Crustacea  are  the  largest  and  most  important  class  in  the 
Caradoc.  The  species  number  146,  representing  37  genera — Ireland 
yielding  90  (the  largest  number  of  species),  Scotland  78,  North 
Wales  50,  and  South  Wales  30 ;  or  taking  North  and  South  Wales 
as  one  area,  it  has  59  species,  16  genera  and  21  species  being 
common  to  North  and  South  Wales.  Shropshire  and  Westmoreland 
are  nearly  equal,  the  former  having  a  known  crustacean  fauna  of 
31  species  and  the  latter  35.  The  genera  most  largely  represented 
are  Calymene  8  species,  Pliacops  14,  IUarnus  13,  Eemopleurides  8, 
Lichas  6,  Staarocephalus  4,  Acidaspis  8,  Ampyx  6,  Asaphus  6, 
Cheirurus  6,  and  Trinucleus  5.  The  remaining  26  genera  (many 
of  which  are  Phyllopods)  are  represented  by  one  or  few  species. 
The  37  genera  of  Crustacea  appear  or  occur  217  times  in  the 
geographical  areas  named  in  the  table  of  distribution  and  the 
horizons  they  pass  to  above,  and  the  species  appear  433  times. 
This  Table  clearly  shows  us  how  much  has  yet  to  be  done  before 
we  can  obtain  reliable  zoological  data,  or  be  assured  that  the 
several  classes  and  genera  have  been  even  yet  fairly  illustrated, 
feeling  at  the  same  time  that,  except  by  exhaustive  and  careful  col- 

lecting, we  never  shall  arrive  at  even  a  fair  illustration  of  the  fauna 
of  any  given  group.  For  example,  the  9  genera  of  Caradoc  Pro- 

tozoa are  represented  by  only  10  species,  or  a  fraction  more  than  1 
species  for  each  genus.  8  of  these  genera  belong  to  the  Spongida  ; 
and  only  among  these  do  any  4  of  the  genera,  illustrated  by  1 
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species  each,  occur  in  any  one  locality,  as  in  Shropshire,  Scot- 
land, and  Ireland.  North  and  South  Wales  have  yielded  only  2 

genera,  each  with  2  species,  in  any  of  the  six  counties.  The 
Actinozoa  even  afford  us  stronger  evidence  still  of  the  importance 
of  specific  evidence.  In  this  class  we  know  through  the  fullest 
research  that  20  genera  and  40  species  occur,  thus  averaging  only 
2  species  for  each  genus.  Many  genera  (13)  have  as  yet  yielded 
only  1  species ;  they  are  Plasmopora,  Syringophyllum,  Holy  sites, 
Stylarcea,  Omphyma,  TJiecostegites,  Alveolites,  Aulacopliyllum,  Calo- 
stylis,  Oyathophyllum,  Fistulipora,  Tredadium,  and  Prosopora.  We 
cannot  suppose  for  one  moment  that  these  genera  are  not  repre- 

sented by  more  species  ;  it  is  a  matter  of  research  only.  The 
genus  Favosites  has  8  species,  Heliolites  6,  Petraia  6,  and  Monti- 
culipora  4.  The  20  genera  make  90  appearances  through  the 
10  areas,  and  the  species  188 ;  32  of  the  generic  and  68  of  the 
specific  appearances  occur  in  the  formations  above  the  Caradoc, 
and  show  the  relation  of  one  group  of  strata  to  another,  as  deter- 

mined through  palaeontological  research.  The  Lower  Llandovery, 
which  succeeds  or  is  the  natural  termination  of  the  Caradoc,  con- 

tains 9  genera  and  20  species  of  the  whole  fauna  (f§);  and  the 
Upper  Llandovery  6  genera  and  17  species  of  the  whole.  The 
coral  fauna  of  the  Caradoc  at  once  makes  its  appearance  underived, 
the  older  Llandeilo  possessing  only  3  species  of  Actinozoa,  Halysites 
catenularius,  Favosites  Jibrosus,  and  Monticuliporafrondosa;  whereas, 
next  to  the  Wenlock,  the  Caradoc  possesses  the  largest  Ccelenterate 
fauna  of  the  Lower  Palaeozoic  rocks.  Nowhere,  either  in  Europe 
or  America,  does  this  class  appear  with  so  large  a  generic  grouping. 
20  of  the  40  species  pass  to  the  Lower  Llandovery ;  most  of  the 
same  appear  in  the  overlying  and  unconformable  Upper  Llandovery. 

The  Crustacea  pre-eminently  characterize  the  Caradoc  and  Bala 
rocks,  and  constitute  the  largest  group  in  the  whole  of  the  Palaeo- 

zoic series ;  37  genera  and  146  species  have  been  collected,  de- 
scribed, and  registered  through  the  labours  of  the  Geological  Survey 

of  the  three  countries,  England,  Ireland,  and  Scotland,  as  well  as 

by  the  researches  of  Sedgwick,  Salter,  M'Coy,  Baily,  Sharpe,  Prof. 
Hughes,  &c.  No  zoological  group  is  better  understood,  none  more 
important  to  the  student  of  stratigraphical  geology.  The  Lower, 
Middle,  and  Upper  Bala  beds  could  with  difficulty  be  read  or  under- 

stood without  a  minute  acquaintance  with  the  Trilobita  of  this  vast 
middle  series  of  Lower  Palaeozoic  deposits.  They  are  to  this  group 
of  rocks  what  the  Ammonitidae  and  Echinidae  are  to  the  Mesozoic 

series.  The  order  Trilobita  is  illustrated  by  27  genera,  the  re- 
maining 10  are  mostly  Ostracoda ;  among  them  is  Turrilepas. 

'Caernarvonshire  has 
yielded 

11  genera  and  17  species 
North Denbighshire ?? 

17  „ 33  „ 

Wales. Montgomeryshire 

13  „ 29  „ 

Merionethshire 

16  „ 
36  „ 

South  1 '  Pembrokeshire 
JJ 

16  „ 24  „ 

Wales.  ; Caermarthenshire 55 

13  „ 20  „ 

12 
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^    ,    ,  f  Shropshire  has  yielded  15  genera  and  31  species. 
Jin^ana' \  Westmoreland  „  18     „  38  „ Scotland  „  31     „  78  „ 
Ireland  „  31     „  90  „ 

The  most  important  genera,  or  those  of  chief  stratigraphical  value 
and  in  which  the  species  are  numerous,  are  Acidaspis  (8  species), 
Ampyx  (6),  Agnostics  (5),  Asaphus  (6),  Calymene  (8),  Cheirurus  (6), 
Homalonotus  (4),  lllcenus  (13),  Lichas  6,  Phacops  (13),  and  Remo- 
pleurides  (8).  The  genera  essentially  characterizing  the  Caradoc  are 
Harpes,  Salteria,  Remopleurides,  Cyclopyge,  Dionide,  Tiresias,  and 
Cyphoniscus,  most  of  which  are  only  represented  by  one  or  few 
forms.  Scotland  and  Ireland  possess  the  richest  assemblage  of  species  ; 
26  genera  and  63  species  occur  in  the  former,  and  23  genera  and 
77  species  in  the  latter  area.  Only  15  of  the  123  species  of  Trilo- 
bita  pass  to  the  Lower  Llandovery ;  they  are  Acidaspis  Brightii, 
Calymene  Blumenbachii,  C.  brevicapitata,  C.  caractaci,  C.  Allportiana, 
Cheirurus  bimucronatus,  C.  clavifrons,  Encrinurus  punctatus,  Cy- 
phaspis  megalops,  Cybele  verrucosa,  Illcenus  Bosenbergii,  I.  Bowmanni, 
I.  Thomsoni,  Lichas  laxatus,  and  Phacops  Brongniarti.  8  of 
these  same  also  pass  up  into  the  Upper  Llandovery,  6  to  the 
Wenlock,  and  5  to  the  Ludlow.  The  long-ranged  species  are 
chiefly  those  illustrating  the  largest  genera,  such  as  Calymene 
Blumenbachii,  C.  Allportiana,  Cheirurus  bimucronatus,  Encrinurus 
punctatus,  Cyphaspis  megalops,  and  Phacops  caudatus,  all  of  which 
species  appear  in  the  Ludlow  and  then  cease  to  exist,  the  Devo- 

nian rocks  having  none  in  common  ;  yet  Bronteus  and  Harpes  are 
repeated  from  the  Caradoc  in  the  Middle  Devonian,  both  in  Britain 
and  on  the  continent.  We  must  remember,  however,  that  the 
marine  Devonian  nowhere  visibly  overlies  the  Silurian  rocks  in  Great 
Britain,  and  the  Old  Eed  Sandstone  contains  no  true  marine  form 
anywhere. 

The  order  Ostracoda,  illustrated  by  Beyrichia,  Leperditia,  Cythere, 
Primitia,  and  Entomis,  needs  little  more  than  notice  here  ;  they 
have  received  at  the  hands  of  Professor  Rupert  Jones  the  closest 
scrutiny  both  zoologically,  palaeontologically,  and  stratigraphically ; 
few  men  have  so  largely  added  to  our  knowledge  of  the  orders 
Ostracoda  and  Phyllopoda. 

Brachiopoda. — And  next  to  the  Crustacea  in  force  and  classifica- 
tory  value  we  must  place  this  group  of  Mollusca  or  Molluscoida. 
Numerically  in  the  whole  of  the  Cambrian  and  Silurian  rocks  the 
Crustacea  include  the  largest  number  of  species,  550  being  known  ; 
whilst  of  the  Brachiopoda  we  know  456.  Individually  no  class  sur- 

passes the  Brachiopoda  through  all  the  Palaeozoic  and  Mesozoic  rocks, 
many  genera  being,  however,  far  more  richly  represented  than  others. 
In  the  Caradoc  this  is  notably  the  case.  The  genus  Orthis  has  in 
Britain  alone,  we  know,  through  the  large  collections  that  have  been 
made  and  the  elaborate  researches  of  Davidson,  no  less  than  110 
species,  and  culminates  in  the  Caradoc.  In  tracing  the  numerical 
and  stratigraphical  value  of  the  genus,  we  And  that  in  the  Cambrian 
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group  up  to  the  close  of  the  Tremadoc  the  genus  Orthis  possesses 
(so  far  as  we  know)  only  4  species,  viz.  Orthis  Hicksii,  0.  Carausii, 
0.  lenticularis,  and  0.  Menapice ;  in  the  Arenig  10  species,  the  3 
last-named  forms  being  in  common  with  the  horizon  below ;  in  the 
Llandeilo  13  species,  4  of  which  are  Arenig  also,  viz.  Orthis  alata, 
0.  calligramma,  0.  remota,  and  0.  striatula. 

In  the  Caradoc  and  Bala  group  the  species  have  increased  to  no 
less  than  41,  all  having  extensive  geographical  distribution ;  7  are 
peculiarly  Irish.  In  the  Lower  Llandovery  we  know  of  20  species, 
17  of  which  are  Caradoc,  the  only  3  peculiar  Lower  Llandovery 
forms  being  Orthis  Bouchardi,  0.  reversa,  and  0.  mullochensis.  Thus 
through  this  one  genus  alone  we  see  the  close  alliance  of  the  so- 
called  Lower  Llandovery  (the  Upper  Bala  of  Sedgwick)  with  the 
Caradoc.  The  moderate  depth  at  which  they  lived  is  clearly  indicated 
by  the  coarse  and  varied  arenaceous  nature  of  the  deposits,  for  there 
is  no  evidence  to  show,  even  by  the  zoological  grouping,  deep-sea 
conditions.  No  Lingular  are  known  in  the  Lower  Llandovery  rocks  ; 
although  6  species  occur  in  the  Caradoc  and  5  in  the  Upper  Llan- 

dovery. The  fauna  generally  may  be  regarded  as  one  accumulating 
under  decreasing  depth  or  slow  elevation  over  given  areas.  8  of  the 
20  Lower  Llandovery  species  pass  to  the  Upper  Llandovery  or  May- 
Hill  beds.  To  show  still  further  the  decline  in  specific  as  well  as 
individual  members  of  the  genus  Orthis,  I  may  mention  that  in  the 
Upper  Llandovery  there  are  10  species,  but  not  a  single  form 
belongs  truly  to  that  horizon  ;  Orthis  rustica,  the  only  true  Upper 
Llandovery  species,  passes  to  the  Wenlock  rocks,  so  that  no  form  of 
Orthis  is  special  to  the  Upper  Llandovery.  The  species  of  Orthis  in 
the  Wenlock  rocks  number  16,  of  which  8  come  from  the  Llan- 

dovery and  Caradoc  and  4  pass  to  the  Lower  Ludlow  (Orthis  biloba, 
0.  crassa,  0.  elegantula,  and  0.  hybrida),  so  that  Orthis  Edgeliana, 
Salt.,  0.  Lewisii,  Dav.,  0.  Hughesii,  Dav.,  and  0.  mullochensis ,  var., 
or  variety  of  0.  reversa,  are  new  and  restricted  forms.  None  pass 
to  the  Devonian.  I  have  selected  this  genus  in  the  Caradoc  for  com- 

parison with  the  other  Silurian  groups  on  account  of  its  magnitude 
and  stratigraphical  value.  Two  other  genera,  Leptcena  and  Stropho- 
mena,  which  first  appear  in  the  Llandeilo,  also  characterize  the  Cara- 

doc by  greatly  increased  specific  development.  These  are  Leptoena 
with  4  species  and  JStrophomena  with  2,  both  individually  numerous 
in  North  and  South  Wales,  In  the  Caradoc  Leptcena  yields  8  species 
and  Strophomena  19,  and  for  the  first  time  we  meet  with  Bhyncho- 
nella  with  8  species ;  but  no  form  is  known  to  occur  in  South  Wales, 
and  only  3  have  been  found  in  North  Wales.  Ireland  and  Scotland 
yield  7  of  the  8.  The  following  Table  shows  the  specific  and  stra- 

tigraphical value  of  these  four  important  genera  from  the  Cambrian 
to  the  Upper  Silurian  : — ■ 
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Those  genera  having  only  one  or  two  species  are  doubtless  of 
equally  high  stratigraphic  significance.  Such  are  Orihisina,  Sipho- 
notreta,  Poramhonites,  Triplesia,  Merista,  and  Meristella. 

Lamellibranchiata.- — The  known  species  of  Biralvia  in  the 
Caradoc  and  Bala  rocks  are  more  numerous  than  in  any  other 

Lower  Palaeozoic  group.  Thus  the  Tremadoc  rocks  of  St.  David's 
yield  to  us  the  earliest  Bivalve  fauna,  consisting  of  5  species  ;  the 
Arenig  has  6,  the  Llandeilo  6,  the  Caradoc  76,  the  Lower  Llandovery 
only  3,  the  Upper  Llandovery  29,  the  Wenlock  45,  and  the  Ludlow 
71.  These  numbers  help  us  to  see,  by  comparison,  the  zoological 
value  of  the  class  Conchifera  in  the  several  strata. 

Ctenodonta,  Orthonota,  Modiolopsis,  PUrinoea^  Ambonychia,  and 
Palcearca  are  the  largest  genera,  or  those  having  the  most  species, 

by  comparison  with  the  older  and  younger'formations.  The  Caradoc Conchifera  excel  in  number  all  beneath  the  Carboniferous.  The 
following  Table  shows  this,  through  the  6  Caradoc  genera  above 
named : — 
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Cardiola  with  3  species,  Mytilus  with  4,  Pleurorhynchus,  Ano- 
dontojosis,  Cucullella,  Megalomus,  Clidophorus,  Area,  and  Lyroderma 
having  each  1  species,  complete  the  Conchifera  of  the  Caradoc.  Their 
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geographical  distribution  is  significant,  but  clearly  shows  the  im- 
perfection in  collecting,  and  how  much  has  yet  to  be  done  to 

demonstrate  their  relation  to  the  extensive  areas  over  which  they 
ara  distributed : — 

Caernarvonshire  has  yielded  6  genera  and  16  species. 
Denbighshire         „  4        „  7  „ 
Montgomeryshire  „  8       ,,         11  „ 
Merionethshire      „  6       „         19  „ 
Pembrokeshire 

ii none none 
Caermarthenshire 

3> 

2  „ 
2 

Shropshire 

35 
10 

Westmoreland 
?> 

3 55 
Scotland 5J 1 1 

J5 

Ireland >> 
10  „ 

37 

55 
Nothing  short  of  strict  analysis  could  impress  upon  us  the  fact 

of  such  unequal  distribution  as  the  above  examination  shows.  No 
species  of  bivalve  is  known  in  Pembrokeshire,  a  district  rich  in 
other  groups.  Only  1  genus  and  species  in  Scotland  {Pleurorliyn- 
ehus  dvpterus,  Salt.),  2  only  in  Caermarthenshire  (Ami onychia  triton 
and  Ctenodonta  varicosa,  Salt.),  and  3  in  Westmoreland  (Cteaodonta 

anglica,  D'Orb.,  Pterincea  tenui striata,  M'Coy,  and  Oardiola  inter- 
rwpta,  Sow.).  The  physical  geography  of  the  area,  either  through 
barren  or  interrupted  coast-line,  rather  than  movements  of  land  or 
depth  of  sea,  would  most  probably  account  for  this  unequal  distri- 

bution and  poverty  of  species  in  one  area,  and  their  comparative 
abundance  or  fair  representation  in  another.  Looking  at  the  horizons 
which  the  above  6  genera  illustrate,  and  through  which  they  pass, 
it  seems  hardly  explicable  that  there  should  be  only  3  species  of 
Lamellibranchiata  known  in  the  Lower  Llandovery,  viz.  Pterincea 
retroflexa,  Mytilus  mytilimeris,  and  Orthonota  sulcata ;  and  these  are 
Caradoc  and  Upper  Llandovery  also,  showing  us  that  not  a  single 
species  belongs  or  is  confined  to  the  Lower  Llandovery.  This 
result,  compared  with  the  large  bivalve  fauna  in  the  Caradoc  or 
Lower  Bala  beds  (57  species),  and  under  conformable  stratification, 
is  scarcely  to  be  accounted  for,  except  through  elevation  of  the  sea- 

bed and  change  in  bathymetrical  conditions  sufficient,  with  all 
other  conditions,  to  cause  the  extinction  or  removal  to  another  area 
of  the  Caradoc  Lamellibranchs.  Similar  results  are  obtained  with 
the  Gasteropoda :  the  53  Caradoc  and  Bala  forms  dwindle  down  to 
16  in  the  Lower  Llandovery.  The  Llandovery  species  will  be  noticed 
in  their  place  or  order  subsequently.  As  before,  Ireland  yields  the 
largest  number  of  species  (37). 

Gasteropoda. — Like  the  three  preceding  classes,  the  group 
Gasteropoda  is  largely  represented  in  the  Caradoc  strata  ;  14  genera 
and  53  species  have  been  determined.  No  species  has  yet  occurred 
in  Pembrokeshire,  and  only  3  in  Caermarthenshire  {HolopeTla  can- 
ceUata,  Sow.,  Patella  satumi,  Goldf.,  and  Cyclonema  crebristria, 
M'Coy).    Neither  have  we  evidence  of  any  species  from  Westmore- 
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land,  although,  considering  the  somewhat  abundant  forms  in  Shrop- 
shire (9)  and  Scotland  (11),  and  that  the  Westmoreland  area  inter- 

venes, we  might  expect  some  to  occur.  The  genus  Euomphalus  in 
Ireland  (with  7  species),  Holopcea  in  Merioneth  (7),  Murchisonia  and 
Rhaphistoma  in  North  Wales  generally  (12),  constitute  nearly  one 
half  the  univalve  fauna — Trochonema,  Turbo  ?,  Trochus  ?,  and  Pleu- 
rotomaria  having  but  few  species  in  each.  8  genera  and  19  species 
actually  pass  up  to  the  succeeding  Llandovery,  Wenlock,  and  Ludlow 
rocks  above.  The  Lower  Llandovery  receives  10  species,  and  the 

Upper  16  ;  the  W^oolhope  1  (Turbo  tritorquatus,  M'Coy),  the  Wen- 
lock  2  (Euomphalus  alatus,  His.,  and  E.  sculptus,  Sow.).  3  species 
range  into  the  Ludlow — Euomphalus  alatus,  Holopella  cancellata,  and 
H.  conica.  Three  species  of  Gasteropoda  are  common  to  the  Llan- 
deilo  below — Cyclonema  crebristria,  Murchisonia  simplex,  and  Turbo 
tritorquatus.  The  relationship  of  the  two  Llandoveries  is  marked ; 
the  Lower  has  103  species  of  all  classes  in  common  and  the  Upper 
107,  Ireland  and  Scotland  possessing  the  highest  numbers,  being  re- 

spectively 304  and  206. 
Pteeopoda. — Ten  species  of  this  class  occur,  the  largest  pelagic 

Pteropod  fauna  known  in  the  Palaeozoic  rocks  ;  they  occur  in  nearly 
equal  numbers  through  the  10  areas,  Ireland  still  yielding  the 
highest  number,  nearly  three  times  as  many  as  Shropshire  and 
Merioneth.    No  species  is  known  in  Pembrokeshire. 

Hetekopoda. — This  order  is  represented  in  the  Caradoc  and  Bala 
rocks  by  11  species  of  Bellerophon,  2  of  Ecculiomphalus,  and  3  species 
of  Maclurea.  In  the  British  area  the  two  last-named  genera  are 
restricted  in  their  geographical  range  to  Ireland  and  Scotland,  and 
stratigraphically  to  the  Arenig  or  Llandeilo  and  Caradoc.  Maclurea 
is  known  only  in  Scotland ;  M.  Logani,  Salt.,  M.  Peachii,  Salt., 
M.  macromphala,  M'Coy,  and  M.  magna  are  said  to  be  (in  Scotland) 
of  Llandeilo  age.  The  Durness  species,  M.  Logani  and  M.  Peachii, 
with  their  associated  forms,  I  believe  to  be  Arenig.  Piloceras  in- 
vaginatum  and  Orthoceras  menclax  occur  in  the  same  beds.  Maclurea 
abounds  in  the  Chazy  Limestone  of  the  United  States  and  Canada 
— beds  probably  to  be  correlated  with  our  Lowest  Llandeilo,  the 
Upper  Cambrian  or  Lower  Bala  group  of  Sedgwick.  M.  M-Goyi, 
M.  macromphala,  and  M.  magna  are  admitted  to  be  with  us  of 
Caradoc  age,  and  certainly  occur  low  down  in  the  series.  Clonmel, 
Stinchar  river  and  Bugon  &c.  in  Ayrshire,  and  the  Durness  Lime- 

stones yield  M.  Peachii  and  M.  Logani  abundantly. 
I  have  preferred  to  place  Ecculiomphalus  with  the  Heteropoda 

rather  than  the  Pteropoda,  although  Portlock's  genus  may  be  one 
of  the  latter  group. 

Cephalopoda. — No  less  than  47  species  have  been  determined 
from  the  Caradoc  series ;  their  maximum  development  is  in  Ireland, 
where  6  genera  and  24  species  occur ;  no  species  is  known  in  Shrop- 

shire. Westmoreland  and  Scotland  register  12  each.  The  Irish 
genera  are  Cyrtoceras,  Koleoceras,  Lituites,  Poterioceras,  Trocholites, 
and  Orthoceras.    As  a  generic  fauna  this  is  by  far  the  largest  in 
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the  Palaeozoic  rocks.  Only  one  species  (Orthoceras  arcvoliratum, 
Hall)  is  common  to  the  Caradoc  and  Llandeilo ;  but  15  species 
range  upwards — 7  to  the  Lower  Llandovery,  9  to  the  Upper  Llan- 

dovery, 4  to  the  Woolhope,  9  to  the  Wenlock,  and  3  to  the  Ludlow ; 
or  the  15  make  their  appearance  or  occur  32  times  in  their  range 
through  the  higher  divisions  of  the  Silurian  rocks  ;  32  species  are 
therefore  essentially  Caradoc  or  Bala  forms.  The  numerical  distri- 

bution of  the  Caradoc  species  through  North  and  South  Wales  is  re- 
markably uniform.  12  species  occur  in  the  four  North-Welsh  coun- 

ties, and  8  in  the  two  South-Wales  counties.  Shropshire  possesses 
no  Cephalopod,  yet  57  genera  and  123  species  range  through  13 
zoological  classes  occurring  in  that  county ;  but  even  this  number 
represents  numerically  only  a  little  over  2  species  for  each  genus. 

Table  X.  is  prepared  on  geographical  data,  the  universality 
or  extension  of  the  Caradoc  rocks  and  species  not  admitting  of 
any  other  mode  of  expressing  their  distribution ;  and  to  analyze 
the  group  under  subdivisions  of  the  Caradoc  or  Bala,  as  given  by 
various  authors,  would  end  in  confusion,  owing  to  the  application 
of  the  terms  Lower,  Middle,  and  Upper  Caradoc,  or  Bala,  not  being 
the  same  in  all.  Text-books  ha^e  not  yet  denned  the  limits  of  these 
divisions,  either  zoologically  or  geographically  ;  in  the  former  sense 
the  greatest  difficulty  would  be  felt  over  extended  areas,  through 
want  of  true  succession  and  continuity  in  strike.  A  careful  study 
of  the  Woodwardian  Catalogue  demonstrates  the  difficulty  of  treating 
the  Caradoc  or  Bala  group  as  a  whole  in  any  other  way.  The 
column  headed  "Localities  and  Numbers"  in  that  Catalogue  at  once 
shows  that  it  is  only  through  space  distribution  that  we  can  realize 
the  value  of  the  subdivision.  In  the  Lower  Bala  group  of  the  Upper 
Cambrian,  as  established  by  Sedgwick,  Mr.  Salter  has  placed  45 
genera  and  82  species;  in  the  Middle  Bala  82  genera  and  212 
species ;  and  in  the  Upper  Bala  group  43  genera  and  100  species. 
That  the  fossils  of  the  "  Lower  Bala  "  of  the  Woodwardian  Cata- 

logue represent  the  Llandeilo  proper  of  the  Geological  Survey  there 
can  be  no  doubt ;  and  out  of  the  82  species  catalogued,  only  17  pass 
to  the  Middle  Bala  group,  and  8  to  the  Upper  Bala.  The  Middle 
Bala  of  the  Cambridge  Catalogue  receives  the  fine  assemblage  of 
fossils  collected  from  the  Bala  limestone,  sandstones,  and  slates  of 
North  Wales,  the  Caradoc  sandstones  and  the  Horderly  limestones 
of  Shropshire,  or  the  true  Caradoc.  It  includes  also  the  fossils  of 
the  Coniston  Limestone,  the  Kildare,  Craig-Head,  and  Peebles  Lime- 

stones. The  Hirnant  Limestone  is  not  included  in  Sedgwick's 
Middle  Bala,  but  constitutes  the  base  of  his  Upper  Bala  group.  The 
212  species  largely  illustrate  the  characteristic  fauna  of  the  Caradoc, 
and  the  group  clearly  shows  the  value  of  the  division  (especially 
with  the  elimination  of  the  Llandeilo  forms)  and  its  separation 
from  the  Lower  Llandovery  (the  Upper  Bala  of  Sedgwick),  into 
which  only  33  of  the  212  species  passed.  These  proportions  in  the 
Cambridge  collection  (as  catalogued)^  showing  the  community  of 
forms  between  the  3  divisions,  show  how  well  the  collection  was 
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made,  and  also  the  care  bestowed  upon  the  stratigraphical  grouping 
of  the  fossils.  The  Upper  Bala  group  of  Sedgwick  includes  the 
Aher-Hirnant  Limestone,  which  occurs  above  the  Bala  Limestone, 
also  the  lower  part  of  the  Coniston  Mags,  the  beds  above  the  Bala 
Limestone,  and  below  the  May-Hill  Sandstone ;  it  therefore  includes 
the  Lower  Llandovery  or  Mathyraful  Limestone  near  Meifod,  and 
also  the  rich  fossiliferous  series  at  Haverfordwest,  the  Dalquorhan 
and  Mulloch  beds  of  Scotland,  and  the  laume  and  Cong  beds  of 
Galway  *.  The  Woodwardian  Catalogue  enumerates  43  genera  and 
100  species  from  this  group  (the  Lower  Llandovery  of  the  Geolo- 

gical Survey),  18  genera  and  36  species  of  which  also  occur  in  the 
Middle  Bala  below. 

Lower  Llandovery. 

In  my  analysis  of  the  Lower  Llandovery  species  from  the  rocks 
of  that  age  in  North  and  South  Wales,  Scotland,  and  Ireland,  I  have 
brought  together  and  tabulated  all  that  is  known  relative  to  the 
range  and  distribution  of  life  through  this  Middle  Silurian  or  Upper 
Bala  group  of  Sedgwick.  The  table  shows  the  value  of  this  upper 
member  of  the  Caradoc  or  Bala  beds,  and  its  relation  to  the  transi- 

tional Upper  Llandovery,  or  the  group  so  called,  which  stands  be- 
tween and  connects  the  Lower  Silurian  of  the  Survey  with  the  well- 

defined  succeeding  Wenlock  and  Ludlow  series.  Careful  analysis  of 
the  species  in  both  their  stratigraphical  and  geographical  distri- 

bution shows  how  small  a  specifically  characterized  group  the  Lower 
Llandovery  appears  to  be,  for  only  115  species  out  of  204  are  really 
Lower  Llandovery.  The  total  number  of  genera  and  species  known 
for  all  Britain  is  68  genera  and  204  species ;  but  50  genera  and 
104  of  these  species  transgressed  or  came  from  the  Caradoc  and  Bala 
beds  below,  thus  reducing  the  actual  Llandovery  fauna  to  18  genera 
and  100  species.  The  intimate  connexion  with  the  Upper  Llan- 

dovery is  chiefly  through  the  Actinozoa  (20  species),  Brachiopoda 
(38),  Crustacea  (10),  and  Gasteropoda  (8).  No  form  of  Protozoa, 
Echinodermata,  or  Pteropoda  is  common  to  the  two  Llandoveries 
in  any  area  in  Britain. 

No  species  of  Echinodermata  occurs  in  North  "Wales,  Ireland,  or Westmoreland.  No  Lower  Llandovery  Annelid  is  known  in  North 
Wales.  Neither  do  we  know  of  any  Lamellibranch,  Pteropod, 
Heteropod,  or  Cephalopod  in  the  same  area.  I  will  now  discuss 
through  tabular  analysis  the  distribution  of  the  chief  zoological 
groups  in  the  Lower  Llandovery,  viz.  the  Echinodermata,  the  Crus- 

tacea, Brachiopoda,  and  Gasteropoda.  The  remaining  7  of  the  13 
groups  (there  being  no  plants)  are  conspicuous  through  feeble  re- 

presentation, due  doubtless  to  geographical  changes  towards  the 
close  of  the  Caradoc  and  Bala  period. 

Hydrozoa. — The  careful  researches  and  generalizations  of  Lin- 
narsson  in  Sweden,  Lapworth,  Nicholson,  Carruthers,  and  Hopkin- 

*  Vide  Cat.  Coll.  Cambrian  and  Silurian  Fossils  in  Mus.  Univ.  of  Cambridge, 
pp.  25,  26,  39,  &  72,  for  greater  details. 
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son  in  Britain,  Hall  in  America,  and  Barrande  in  Bohemia,  upon 
the  history,  morphology,  and  distribution  of  the  Rhabdophora 
through  the  Lower  Palaeozoic  rocks  of  Britain,  Europe,  and  North 
America,  have  greatly  added  to  our  knowledge  of  their  stratigraphical 
value  and  distribution  both  in  time  and  space.  To  no  author,  how- 

ever, are  we  so  much  indebted  as  to  Mr.  Lapworth  for  his  exhaustive 
researches  in  this  department  of  Palaeontology.  Until  his  careful 
analysis  and  descriptions  of  the  Rhabdophora,  as  well  as  the  physical 
relations,  of  the  Moffat  series  in  Scotland,  and  his  able  papers  in  the 
Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vols,  iii.-vi.,  we  had  little  clear  know- 

ledge either  of  their  zoological  grouping  or  stratigraphical  distribution 
and  relations  to  other  geographical  areas,  either  in  Britain,  Europe, 
or  America.  That  the  southern  Highlands  or  uplands  of  South  Scot- 

land yield  rocks  of  a  peculiar  character  is  well  known.  They  consist 
of  two  t3rpes — coarse  greywacke,  grey,  green,  or  purple  in  colour, 
associated  with  fissile  flagstones,  which  either  alternate  with  the  grey- 

wacke, or  are  arranged  separately  in  zones  of  considerable  thickness. 
These  two  types  preponderate.  "  On  the  west  coast,  near  Girvan, 
limestones,  shelly  sandstones,  and  mudstones  yield  fossils  in  great 
profusion,  and  both  mineralogically  and  palaeontologically  remind  us 

of  the  most  prolific  areas  of  Wales  and  Shropshire." 
Certain  beds  of  black  carbonaceous  shales  and  mudstones  occupy- 

ing "  long  lenticular  areas  occur  in  the  great  mass  of  barren  grey- 
wacke ;  they  form  extended  moniliform  lines  of  great  extent,  and 

range  at  intervals  throughout  the  northern  half  of  the  Southern 
Uplands,  from  the  Irish  Channel  to  the  North  Sea  ;  these  black 

shales  everywhere  swarm  with  Rhabdophora."  It  is  this  group  of 
Graptolitiferous  strata  of  the  south  of  Scotland  (the  Moffat  series), 
and  their  physical  and  zoological  relations  to  deposits  in  other  areas, 
that  Mr.  Lapworth  has  made  classical.  We  know  of  few  or  no  Lower 
or  Upper  Llandovery  Hydrozoa  in  Wales.  The  Coniston  Mudstones 
(Westmoreland)  yield  6  genera  and  25  species ;  and  these  probably 
belong  to  the  Lower  Llandovery  series.  The  value,  however,  of  the 
Scotch  deposits,  and  their  Graptolitic  fauna  of  50  or  more  species,  is 
very  great ;  they  clearly  show  us  that  the  paucity  of  species  in 
the  Welsh  rocks  is  probably  due  to  geographical  and  other  physical 
changes. 

South  of  Westmoreland  this  group  had  scarcely  a  representative 
after  the  deposition  of  the  Caradoc,  none  having  survived  the  close 
of  the  Upper  Bala  period  ;  for  the  Lower  Llandovery  in  North  Wales 
has  yielded  few  or  no  species ;  the  Upper  Llandovery  and  the  suc- 

ceeding Wenlock  group,  through  the  Tarannon  beds,  5  genera  and 
23  species  ;  North  Wales  4  genera  and  8  species,  and  South  Wales 
8  genera  and  11  species  ;  Westmoreland  3  genera  and  12  species  ; 
Ireland  none.  These  several  numbers  are  as  near  as  I  can  bring 
them,  knowing  the  difficulty  of  understanding  the  Llandovery  ques- 

tion, and  omitting  in  North  Wales  the  sandy  or  arenaceous  Llan- 
dovery, which  (in  that  area)  does  not  appear  to  have  furnished  a 

congenial  habitat  for  the  growth  and  development  of  the  Rhabdo- 
phora.    Highly  favourable,  however,  the  conditions  seem  to  have 
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been  during  the  formation  of  the  Arenig,  Llandeilo,  Caradoc,  and 
Lower  Llandovery  deposits,  as  shown  in  the  following  table  : — 

Arenig   17  genera  and  24  species. 18 55 
44 

35 
21 

55 
38 

35 Lower  Llandovery  of  South  Wales 5 
33 17 

53 
Lower  Llandovery  of  Westmoreland 6 

5J 

25 
33 

Lower  Llandovery  of  Scotland / 
52 

35 

4 12 
9 55 23 

33 
Ludlow  3 

)? 

8 55 
I  mention  these  facts  and  results here rather than  under  the 

Ludlow  section,  as  the  group  of  the  GraptolitidaB  are  conspicuous 
here,  and  they  are  of  little  value  in  classification  above  the  Llando- 

very rocks.  It  may  be  remembered  that  in  1872*  Prof.  H.  A. 
Xicholson  published,  in  the  Journal  of  the  Geological  Society,  a 
paper  of  great  originality  and  highly  suggestive  of  the  mode  of  mi- 

gration and  distribution  of  the  Graptolites  in  time  and  space,  or 
the  vertical  and  lateral  range  of  this  group  of  fossils.  In  this  paper 
Prof.  Xicholson  endeavours  to  show  the  peopling  of  one  area  as 
derived  from  another  and  from  points  widely  separated,  showing 
that  under  such  circumstances  they  can  never  be  truly  contempo- 

raneous. "  In  the  present  state  of  our  knowledge,  however,  it  must 
be  more  or  less  provisional  and  tentative  "  to  attempt  to  trace  the 
migrations  of  any  given  set  of  species  or  groups  of  fossils  :  but  pro- 

bably the  time  will  arrive  when  definite  groups  nnder  given  conditions 
may  receive  elucidation  for  lateral  range,  especially  when  the  original 
area  of  occurrence  and  dispersion  is  known.  Dr.  Nicholson  argues, 

and  justly,  that  "  if  we  were  thoroughly  acquainted  with  the  range 
of  any  given  fossil  or  species  vertically,  and  were  conversant  with 
all  the  details  of  its  geographical  distribution,  we  should  then  be 
able  to  lay  down  with  some  degree  of  accuracy  the  lines  along  which 
it  must  have  migrated  when  the  condition  of  its  original  area  be- 

came unsuitable  for  its  further  existence  therein."  Prof.  Xicholson 
endeavours  to  show  in  his  paper  certain  facts  relating  to  the  distri- 

bution of  the  Graptolites,  so  as  to  enable  us  to  sketch  out  the  mi- 
grations of  these  and  other  organisms  from  their  first  appearance  in 

time ;  in  the  case  of  the  Phabdophora  from  the  Arenig  to  their  final 
disappearance  at  the  close  of  the  Ludlow  deposits.  Pive  areas  are 
selected  to  illustrate  the  distribution  of  the  Graptolites : — 1st.  The 
Skiddaw  group  and  its  Arenig  fauna,  as  being  the  earliest  in  which 
the  Graptolites  appeared,  and  probably  the  first  area,  for  we  have  no 
reason  to  believe  that  the  Canadian  or  Quebec  deposits  much  preceded 
in  time  our  own  Cumberland  series  ;  the  large  number  of  genera 
and  species  not  only  common  to  the  Skiddaw  Slates  of  the  north  of 
England  and  the  Quebec  group,  but  exclusively  confined  to  them, 
conclusively  and  distinctly  prove  that  the  area  was  no  small  one. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxviii.  pp.  217-232  (1872).  "  Migrations  of 
Graptolites,"  by  H.  A.  Nicholson,  M.D.,  D.Sc,  &c. 
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The  differences,  indeed,  between  the  Graptolitic  faunas  of  the  Skid- 
daw  and  Quebec  regions  are  not  greater  than  what  may  be  due  to 
imperfect  observation,  or  the  effect  of  difference  of  station,  without 
either  supposing  that  one  region  was  peopled  by  migration  from 
the  other*. 

The  second  area  discussed  by  Dr.  Nicholson  is  that  of  Wales  and 
Scotland,  containing  the  Llandeilo  Graptolites.  The  auther  believes 
that  the  north  of  England  was  dry  land  during  the  early  portion  of 
the  Llandeilo  period,  and  also  that  the  close  of  the  Skiddaw 
(Arenig)  period  was  signalized  by  the  upheaval  of  the  Lake  district ; 
this,  or  the  unfitness  for  life  of  the  succeeding  seas,  in  conse- 

quence of  igneous  activity,  may  have  been  the  cause  of  no  deposits 
containing  Graptolites  being  superimposed  upon  the  Skiddaw  Slates, 
until  we  reach  the  higher  or  later  portion  of  the  Caradoc  or  Bala 
period  (the  Lower  Llandovery),  at  which  time  an  immigration  of 
Graptolites  must  have  taken  place  from  neighbouring  seas.  On  such 
hypotheses,  supported  by  details  too  minute  to  discuss  here,  we  may 
realize  the  absence  in  certain  areas  of  zoological  groups  whose 
existence  necessitates  the  deposition  of  sedimentary  matter  con- 

genial to  their  growth  and  development.  Why  the  Lower  and 
Upper  Llandovery  rocks  of  North  and  South  Wales  do  not  possess  a 
larger  Graptolitic  fauna,  when  in  the  north  of  England  and  Scotland 
such  a  fauna  is  well  developed,  can  only  be  explained  through 
physical  changes,  either  movements  of  land  and  sea,  or  interference 
through  sedimentary  agency,  of  which  there  may  be  many  kinds. 

Dr.  Nicholson  further  enters  into  the  consideration  of  the  second 
great  Graptolitic  period  of  the  north  of  England,  during  which  the 
mudstones  of  the  Coniston  series  were  deposited.  In  the  Coniston 
Limestone  proper,  which  corresponds  to  the  Bala  Limestone,  no 
species  have  occurred,  it  being  wholly  barren  of  Hydrozoa;  but  the 
so-called  Graptolitic  mudstones  succeeding  it  abound  in  species,  6 
genera  and  25  species  having  been  recorded  from  them.  Many  of 
these  (16)  Nicholson  believes  have  been  derived  from  the  Upper 
Llandeilo  of  the  south  of  Scotland,  the  remaining  9  being  peculiar 
to  the  Coniston  Mudstones.  The  fourth  area  Dr.  Nicholson  calls  the 
Gala  area  of  the  south  of  Scotland^  in  Dumfriesshire ;  Mr.  Lapworth 

applied  to  these  deposits  the  name  "  Gala  Group."  Eight  species  in 
this  Gala  series  are  derived  from  the  Upper  Llandeilo  of  the  Scotch 
area,  and  the  remaining  5  (of  the  13)  are  importations  from  the 
Coniston  Mudstones  and  Coniston  area  of  the  Lake  district. 

The  Hudson-River  shales  and  Utica  Slates  Nicholson  believes  to 
have  been  peopled  by  a  great  migration  of  the  Upper  Llandeilo  Grap- 

tolites of  the  south  of  Scotland,  which  appear  to  have  taken  a 
westerly  course,  and  ultimately  to  have  reached  the  United  States, 
there  forming  the  Graptolitic  fauna  occurring  in  the  Caradoc  or 
Hudson-River  shales  and  Utica  Slates  described  by  James  Hall. 
This  view  of  Nicholson's,  that  the  Graptolites  of  the  Hudson-River 
group  are  derived  through  migration  from  the  Upper  Llandeilo  of  the 
south  of  Scotland,  he  supports  or  illustrates  by  means  of  a  table  of 

*  Nicholson,  Quart.  Journ.  Geol.  Soc.  vol.  xxviii.  pp.  218,  219. 
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24  species  of  Graptolites,  13  of  which  are  so  derived.  These  are 
associated  with  1  from  the  Skiddaw  and  8  peculiar  to  the  Hudson- 
lliver  deposits.  Nicholson,  in  his  fifth,  or  Saxon  and  Bohemian  area, 
endeavours  to  show  that  two  great  migrations  of  Graptolites  took 
place  from  the  area  of  the  south  of  Scotland  at  the  close  of  the  Upper 
Llandeilo  period,  one  westward  through  Ireland  to  America,  the  other 
southward  into  the  north  of  England  ;  and  he  suggests  a  third  migra- 

tion from  the  same  area  in  a  south-easterly  direction,  or  into  the  Silu- 
rian seas  of  Saxony  and  Bohemia.  Geinitz,  in  his  "  Grauwackenfor- 

mation  "  of  Saxony,  believed  the  Graptolitiferous  rocks  to  be  the 
summit  of  the  Lower  Silurian  series  (Llandovery).  Of  5  genera  and 
12  species  given,  4  genera  and  10  species  are  derived  from  the  Upper 
Llandeilo  of  the  south  of  Scotland,  and  2  from  the  Coniston  Mud- 
stones.  Barrande  has  recoguized  the  British  derivation  of  the  Bohe- 

mian Graptolites  ('  Defense  des  Colonies,'  1870)  ;  he  recognizes  two 
chief  Graptolitic  zones  in  Bohemia,  viz.  Etage  D  at  the  summit  of 
the  Lower  Silurian  series,  and  Etage  E  at  the  base  of  the  Upper. 
The  Bohemian  Graptolites  derived  from  Britain  number  5  genera 
and  14  species,  and  are  believed  to  be  derived  through  migration  from 
the  Coniston  Mudstones  or  Upper  Llandovery  beds  of  the  north  of 
England.  These  are  identical  species  with  those  which  lived  in  the 

mudstones  named*.  I  hav^e  thus  shown  that  it  is  only  in  Scotland 
and  Cumberland  that  we  obtain  a  Graptolitic  fauna  in  the  Llando- 

very rocks  (probably  Lower),  and  that  none  occur  in  either  of  the 
two  Welsh  areas  f. 

Actinozoa. — The  species  of  this  class  in  the  Lower  Llandovery 
number  a  fraction  more  than  2  to  each  genus,  of  which  there  are  12 
(and  26  species).  The  genera  Favosites,  Heliolites,  and  Petraia  abound 
most  in  species — Favosites  5,  Heliolites  4,  Petraia  6.  The  distribution 
for  North  Wales  is  5  genera  and  8  species ;  for  South  Wales  8  genera 
and  16  species  ;  and  for  Ireland  the  same  number.  Singularly  just 
as  many  species  pass  to  the  Upper  Llandovery  (20)  as  came  up  from 
the  Caradoc  and  Bala  beds  (20),  and  in  each  case  9  of  the  same 
genera  ;  so  that  in  reality  the  Lower  Llandovery  rocks  possess  only 
6  species  of  Actinozoa  peculiar  to  them,  so  closely  allied  are  the  two 
formations  through  this,  as  through  other  groups  of  fossils.  7  of  the 
9  genera  have  as  yet  only  yielded  1  species  each.  Nothing  can  be 
more  unsatisfactory  than  the  evidence  afforded  by  such  scanty  mate- 

rials ;  close  research  would  result  in  yielding  numerous  and  more 
definite  species. 

Echinodermata. — No  species  is  known  either  in  North  Wales  or 
Ireland,  and  two  species  only  in  South  Wales — Echinosphcerites 
arachnoidea  and  Glyptocrinus,  sp.  (stem-ossicles).  This  last  genus 
occurs  in  Scotland  also  ;  neither  pass  to  higher  formations,  but  the 
same  two  species  occur  in  the  Caradoc. 

*  Nicholson,  loo.  cit.  pp.  228-230.  _ 
f  Recent  researches  by  Lapworth  into  the  specific  value  and  history  of  the 

Rhabdophora  have  tended  to  reduce  the  number  of  species,  great  numbers  of  so- 
called  species  being  established  on  mere  fragments  of  other  species.  Their 
elimination  will  be  of  great  value  to  the  student  of  this  difficult  class  of  the 
animal  kingdom. 
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Crustacea. — The  Crustacea  of  the  Lower  Llandovery  reveal  to  us 
numerically  only  2  species  in  each  genus.  We  have  much  yet  to 
learn  of  the  history  and  zoological  relations  of  the  Trilobita  of  the 
Llandovery  rocks.  The  13  genera  and  25  species  of  this  order 
mostly  characterize  the  rocks  of  South  Wales  and  Scotland ;  2  genera 
and  4  species  only  are  known  in  North  Wales,  Calymene  (3)  and 
Trinucleus  (1)  ;  and  7  genera  and  8  species  in  South  Wales  ;  Scotland 
has  9  genera  and  16  species.  Eighteen  of  the  Trilobita  are  also  Cara- 
doc  ;  and  8  genera  and  10  species  pass  to  the  Upper  Llandovery ;  so 
that  in  the  Lower  Llandovery  one  of  its  largest  groups  has  little 
or  no  stratigraphical  value  in  classification. 
Brachtopoda. — This  class,  like  the  Crustacea,  has  little  or  no  classifi- 

catory  value  ;  for  of  the  known  10  genera  and  59  species  in  the  Lower 
Llandovery,  8  genera  and  35  species  are  also  Caradoc  and  Bala,  and 
10  genera  and  38  species  pass  to  the  Upper  Llandovery.  The  charac- 

teristic species  are  Meristella  suhundata,  Orihis  Bouchardi,  Rhyncho- 
nella  tripartita,  Spirifera  exporrecta,  StropJiomena  arenacea,  StricJc- 
landinia  lens,  Pentamerus  oblongus,  and  P.  undatus.  The  first  ap- 

pearance of  Pentamerus  and  StricMandinia  is  a  marked  and  im- 
portant feature  in  the  Lower  Llandovery  beds.  Three  species  of 

Pentamerus  (P.  oblongus,  P.  globosus,  and  P.  undatus)  are  Lower  and 
Upper  Llandovery  forms ;  the  2  species  of  StricJclandinia,  S.  lens 
and  S.  lirata,  are  common  to  both  horizons.  In  North  Wales,  8 
genera  and  22  species  occur ;  and  in  South  Wales  10  genera  and  48 
species  ;  Scotland  has  yielded  8  genera  and  29  species,  and  Ireland 
9  genera  and  27  species.  The  South-Wales  beds  are  enriched 
chiefly  through  the  genus  Orthis  with  20  species,  Strophomena  with 
11,  and  Bhynchonella  with  7. 

Lamellibranchiata. — No  species  of  this  extensive  group  of  Mol- 
lusca  occurs  either  in  North  Wales  or  in  Scotland ;  and  we  are  only 
acquainted  with  3  genera  and  3  species  in  the  Lower  Llandovery, 
viz.  Pterinosa  retroflexa,  Mytilus  mytilimeris,  and  Ortlionota  sulcata-, 
these  3  are  South-Wales  forms,  and  the  Pterincea  occurs  in  the  Irish 
Llandovery.  This  meagre  representation  of  so  large  a  class  in  these 
beds,  as  compared  with  the  Caradoc  with  16  genera  and  76  species, 
clearly  shows  that  at  the  close  of  the  Caradoc  and  Bala  period  great 
changes  took  place  with  regard  to  the  relations  of  land  and  sea.  The 
Caradoc  sea  evidently  shallowed  and  reduced  its  area,  and  this  was 
accompanied  by  corresponding  sedimentary  changes  which  governed 
the  life,  habits,  and  distribution  of  the  succeeding  Llandovery  fauna. 
This  is  borne  out  by  the  Brachiopoda  and  other  groups  which 
reached  such  perfection  in  the  Caradoc  seas  (109  species),  Crustacea 
(146  species),  the  Lamellibranchs  (76  species),  Gasteropoda  (53 
species),  and  Cephalopoda  (47  species)  ;  whereas  in  the  Lower  Llan- 

dovery many  of  these  groups  are  scarcely  represented ;  for  example, 
the  group  we  are  now  treating  of  has  only  3  species,  the  Echino- 
dermata  2,  theGasteropoda  1 6,  and  the  Cephalopoda  only  3,  with 
only  1  species  of  Pteropod  and  1  Heteropod. 

Doubtless  the  strictly  arenaceous  nature  of  the  deposits  and  the 
somewhat  shallow  sea  constituted  the  main  cause  of  this  extremely 



ANNIVERSARY  ADDRESS  OE  THE  PRESIDENT. 

149 

small  bivalve  fauna.  Two  of  the  three  species  of  Conchifera  are 
Caradoc,  and  the  same  two  passed  to  the  Upper  Llandovery,  so  that 
in  reality  only  1  species  is  to  be  regarded  as  Lower  Llandovery. 

Gasteropoda. — Although  this  class  includes  a  much  greater  number 
of  species  than  the  Lamellibranchiata,  yet  the  value  of  the  fauna  for 
classificatory  purposes  is  equally  unsatisfactory.  9  genera  and  13 
species  are  known ;  but  of  these  6  genera  and  10  species  are  Caradoc 
and  Bala  forms,  and  6  genera  and  8  species  are  common  to  the  two 
Llandovery  series.  Only  1  species  is  known  in  North  Wales  (Mur- 
cliisonia  jpulchra,  M'Coy),  5  genera  and  9  species  in  South  Wales, 
and  6  genera  with  6  species  in  Scotland  and  with  7  in  Ireland.  Thus 
only  6  species  of  Gasteropoda  are  truly  of  Lower  Llandovery  age — 
Murchisonia  Prycece,  M.  sulcata,  Platyscliisma  Williamsoni,  Acroculia 
hcdiotis,  Trochus  Moorei,  and  T.  multitorquatus. 

Pteropoda. — The  only  Pteropod  occurring  in  the  Lower  Llando- 
very is  Conularia  Sowerbyi,  Def.,  and  this  has  only  appeared  in  South 

Wales  and  Scotland ;  none  are  known  in  North  Wales  or  Ireland. 
This  species  bridges  over  the  Upper  Llandovery,  Denbighshire  Grits, 
and  Woolhope  series,  and  reappears  in  the  Wenlock  Shales  and 
Limestones  in  South  Wales  and  Scotland. 

Heteropoda. — Bellerojphon  carinatus,  B.  bilobaius,  and  B.  dilata- 
tus?  are  the  chief  Lower  Llandovery  species.  The  same  3  are  Caradoc, 
and  B.  carinatus  and  B.  bilobatus  also  occur  in  the  Upper  Llando- 

very of  South  Wales  and  Scotland,  B.  dilatatus  being  Irish  also. 
The  species  of  these  two  nocturnal  and  pelagic  groups,  the  Hetero- 

poda and  Pteropoda,  from  their  habit,  had  a  wide  geographical  dis- 
tribution, and  consequently  a  long  range  in  time  also. 

Cephalopoda. — We  have  seen  that  the  Lower  Caradoc  and  Bala 
rocks  have  yielded  no  less  than  8  genera  and  47  species  ;  the  Lower 
Llandovery,  the  highest  member  of  the  Bala  formation,  has,  on  the 
contrary,  only  3  genera  and  8  species  distributed  through  the  6  areas 
in  which  this  formation  is  represented.  The  genera  are  Lituites, 
Tretoceras,  and  Orthoceras.  The  first-named  genus  has  2  species, 
L.  cornu-arietis  and  L.  undosus ;  the  second  (Tretoceras)  1  species, 
T.  bisiphonatum ;  and  Orthoceras  contains  5  species,  0.  annulatumf 
0.  ibex,  0.  politum,  0.  tenuistriatum,  and  0.vagans(?).  Of  these  no 
species  occurs  in  North  Wales.  South  Wales,  however,  in  the  Llan- 

dovery area,  has  yielded  5  species,  Scotland  2  (Orthoceras  politum 
and  0.  tenuistriatum),  and  Ireland  1  species  (Orthoceras  ibex).  Pour 
of  the  8  pass  to  the  Upper  Llandovery,  and  7  came  from  the  Caradoc. 
Tretoceras  bisiphonatum  and  Lituites  undosus  are  the  only  restricted 
Lower  Llandovery  species  out  of  the  8  known. 

The  accompanying  table  shows  the  complete  census  of  the  Lower 
Llandovery  rocks,  and  their  relationship  to  the  Caradoc  below 
and  the  Upper  Llandovery  above,  and  at  once  reveals  the  fact  that 
this  upper  member  of  the  Bala  group  has  no  claim  to  separation 
from  it ;  for  50  genera  and  105  species  unite  it  with  the  Caradoc 
and  Bala  proper,  and  45  genera  and  104  species  pass  to  the 
Upper  Llandovery ;  and  we  shall  find,  on  casting  the  life-history  of 
the  Upper  Llandovery  also,  that  nearly  one  half  of  both  genera 

vol.  xxxvn.  m 
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and  species  are  also  so-called  Llandovery ;  or  out  of  91  genera  and 
240  species  known  in  the  Upper  Llandovery,  the  above  45  genera 
and  104  species  occur  in  the  lower  group  also.  Only  16  genera  and 
101  species  are  therefore  really  Lower  Llandovery. 

Table  XL — Lower  Llandovery. 

Classes. 

Plantas   
Protozoa   

Hydrozoa  
Actinozoa   
Echinodermata  
Annelida   
Crustacea   

Bryozoa  
Brachiopoda  
Lamellibranchiata . 

Gasteropoda  ........ 
Pteropoda  
Heteropoda   
Cephalopoda  

3 
7 

12 
2 
2 

13 

2 
10 

3 
9 
1 
1 
3 

3 
50 
26 

2 
3 

25 
5 

59 
3 

13 
1 
6 

Geographical  Distribution. 

68  204 

Upper  Llandovery,  or  May-Hill  Group. 

Perhaps  no  formation  in  the  Lower  Palaeozoic  series  is  more  diffi- 

cult to  understand,  either  physically  or  zoologically,  than  the  "  Upper 
Llandovery,"  or  May-Hill  group.  Its  place,  stratigraphically,  was 
long  ago  settled  by  Sedgwick,  who  was  the  first  to  point  out  the 
necessity  for  separating  these  beds  from  the  Lower  Silurian  (his 
Cambrian),  and  removed  them  from  the  Caradoc  in  1853,  proposing 
the  name  of  the  "  May-Hill  Sandstone  "  for  these  beds,  being  above 
all  his  Cambrian  Rocks  ;  and  this  is  so  throughout  the  northern 
hemisphere. 

On  the  west  flank  of  the  Malverns,  at  Woolhope,  May  Hill,  and 
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Tortworth,  in  many  localities  in  Shropshire  (Norburj7-,  Chcrbury, 
Church  Stretton,  &c),  and  at  Llandovery,  Prosteign,  &c.  in  South 
Wales,  the  Upper  Llandovery  or  May-Hill  beds  are  typically  exposed. 

Many  names  have  been  proposed  for  these  variable  beds,  such  as 
Upper  Caradoc,  Pentamerus-heds,  Wcnlock  Grit,  &c. ;  but,  through 
their  chief  development  at  Llandovery  and  May  Hill,  in  Gloucester- 

shire, the  double  name  of  the  "  Upper  Llandovery,"  or  "  May -Hill 
Sandstone,"  has  been  given  to  them.  In  North  Wales  the  Upper 
Llandovery  rocks  are  absent ;  in  South  Wales  they  first  appear  in 
Marloes  Bay,  appearing  here  and  there  across  Pembrokeshire.  Near 
Llandeilo,  in  Caermarthenshire,  they  lie  at  the  base  of  the  Upper 
Silurian  rocks,  being  most  variable  in  thickness.  They  transgress 
or  lie  indifferently  and  unconformably  on  Lower  Llandovery,  Caradoc, 
or  Llandeilo  beds.  In  Shropshire  they  are  markedly  unconformable 
to  the  Caradoc.  In  the  Longmynd  area,  under  the  condition  of  a 
calcareous  conglomerate,  they  rest  upon  all  the  older  rocks  exposed. 
That  a  great  physical  break  takes  place  between  the  two  Llandoveries 
there  can  be  no  doubt.  They  rise  from  under  the  W enlock  Shale  at 
Noeth  Grug,  strike  to  near  Llandovery  and  Pen-y-lan ;  again  they 
range  uninterruptedly  from  Marloes  Bay,  in  Pembrokeshire,  where 
they  are  highly  fossiliferous  (28  species  occurring  there),  through 
Caermarthenshire  to  Builth,  and  on  to  the  Longmynd  and  typical 
Silurian  country  of  Shropshire.  They  everywhere  rest  unconform- 

ably upon  the  older  rocks,  sometimes  lying  on  the  denuded  edges  of 
the  Lower  Llandovery  or  on  the  Caradoc  Sandstone  ;  at  Builth  and 
the  Longmynd  on  the  contorted  and  denuded  Arenig,  Llandeilo,  and 
Cambrian  strata. 

The  absolute  unconformity  of  the  Upper  Llandovery  beds  to  the 
strata  below,  coupled  as  it  is  with  changes  of  species,  is  doubtless 
connected  with  a  lapse  of  unrepresented  time.  Whether  that  time 
be  of  great  duration  or  not  we  have  no  means  of  judging ;  but, 
looking  at  the  intimate  connexion  between  the  fauna  of  the  Lower 
Llandovery  and  that  of  the  Upper,  we  are  led  to  suppose  that  it 
was  not  of  sufficiently  long  duration  to  cause  either  the  extinction 
or  migration  of  the  older  fauna  or  the  introduction  of  a  new  one 
(only  4  genera  seem  to  have  appeared) ;  for  we  have  seen  that  the 
Lower  Llandovery  transmitted  45  genera  and  104  species,  out  of 
its  fauna  of  68  genera  and  204  species,  to  the  Upper  Llandovery. 
It  is  therefore  evident  that  upheaval  and  denudation  must  have 
been  of  comparatively  short  duration,  and  little  physical  change 
could  have  taken  place  in  the  area  occupied  by  the  Lower  Llan- 

dovery after  upheaval ;  this  the  physical  geography  and  palaeontology 
of  the  two  groups  help  to  show. 

The  preponderance  of  individuals  in  species  of  the  genera  Penta- 
merus  and  StricJdandinia,  especially  P.  oblongus,  S.  lens,  and  S.  lirata, 
which  are  the  best  known  and  most  widely  spread,  is  a  marked 
feature  in  the  Upper  Llandovery  rocks,  and  imparts  to  them  peculiar 
and  distinct  facies.  These  species  occur,  though  not  so  plentifully, 
in  the  Lower  Llandovery.  The  Malvern  and  May-Hill  form  is 
8.  lens,  and  it  occurs  in  profusion.    Looking  at  the  grouping  of  the 
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Upper  Llandovery  and  the  distribution  of  its  fauna,  we  are  surprised 
to  find  that,  of  the  261  species  which  occur  in  the  formation,  only 
136  species  really  constitute  the  Upper-Llandovery  fauna.  The  fact 
that  104  of  the  species  are  Lower  Llandovery  goes  very  far  to  unite 
the  two  so-called  formations  into  one,  or  a  Middle-Silurian  groupy 
abolishing  the  terms  Lower  and  Upper.  Granting  the  high  value  of 
the  unconformity  as  of  paramount  stratigraphical  importance,  yet 
the  community  of  fossils  and  general  facies  of  both  horizons  lead  us 
to  regard  the  species  as  belonging  to  neither ;  for  certainly  the  Lower 
Llandovery  was  an  expiring  close  to  the  Caradoc  and  Bala,  through 
elevation  of  the  Caradoc  sea-bed,  and  the  Upper  through  continuity 
of  certain  species  ;  and  the  introduction  of  new  forms  commenced  at 
the  base  of  the  Upper  Silurian  of  Sir  R.  Murchison  and  the  Geological 
Survey,  from  which,  in  the  Wenlock  rocks,  were  derived  58  genera 

and  125  species  ;  for  out  of  the  523  "Wenlock,  125  are  Upper  Llan- dovery, 136  species  only  being  the  true  Upper  Llandovery  fauna 
proper. 

Plants. — One  species  only,  a  fucoid  (Fucoides  gracilis),  is  known 
in  this  group  of  strata.  This  is  probably  only  one  of  the  many  forms 
of  Annelide  or  molluscan  tracks  or  burrows,  which  simulate  the 
habit  of  some  of  the  marine  algae. 

Pkotozoa. — ClatJirodictyon  vesimlosum,  Nich.,  and  Cliona  (Vioa) 
gracilis  constitute  the  only  two  Protozoa  known.  The  former  occurs 
in  the  Llandovery  rocks  of  Scotland ;  the  latter  appears  to  be  a 
dichotomizing,  burrowing  sponge,  found  in  the  shelly  structure 
of  a  Pterincea  (P.  demissa)  from  the  Upper  Llandovery  of  the  Mal- 

vern Hills.  This  is  probably  the  oldest  known  burroiving  sponge  : 
its  habit  is  quite  that  of  the  modern  genus  Cliona. 

The  Welsh  Llandovery  rocks,  although  so  carefully  searched,  have 
yielded  no  traces  of  Spongidse.  We  should,  however,  quite  expect 
to  find  the  group  Silicipongia?,  through  the  Hexactinellidaa,  repre- 

sented in  these  sediments  or  formations  accumulated  in  moderately 
deep  water,  and  associated  with  an  extensive  Ccelenterate  and 
Brachiopodal  fauna,  such  as  we  have  in  the  Upper  Llandovery.  The 
Analytical  Table  (p.  159)  shows  that  only  in  two  of  the  ten 
(Worcestershire  and  Scotland)  are  the  Protozoa  known. 

Hydkozoa. — The  genera  Monograptus,  Cyrtograptus,  Diplograptus, 
and  JRetiolites  alone  seem  to  represent  the  Rhabdophora  in  the  Upper 
Llandovery  rocks  ;  but  so  many  species  appear  to  be  common  to  the 
Lower  and  Upper  Llandovery,  that  it  is  with  difficulty  I  am  enabled 
to  realize  the  distinctness  of  the  two  faunas.  The  Irish,  Scotch 
(Girvan,  Gala,  and  Mulloch  beds),  and  the  Coniston  flags  and  mud- 
stones  have  so  many  species  in  common  with  the  Lower  Llandovery 
that  only  through  intimate  and  practioal  acquaintance  with  the  two 
groups  of  species  can  they  be  separated.  In  the  Yalentian  or 
Llandovery-Tarannon  series  of  Lapworth,  including  the  Birkhill 
series  and  its  several  zones,  so  many  species  of  Monograptus,  Diplo- 

graptus, and  Cyrtograptus  appear  to  be  common,  that  it  is  no  easy 
task  to  determine  numerically  or  statigraphically,  especially  when 
geographical  distribution  is  also  taken  into  consideration,  their  true 
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history.  Probably  the  Upper  Llandovery  rocks  of  Ireland  yield  6 
or  8  species,  the  Girvan  beds  about  30,  the  Gala  group  the  same,  the 
Mulloch  beds  25  species,  and  the  Conistonbeds  25  species  ;  but  many 
also  belong  to  the  Lower  Llandovery  below  and  elsewhere.  The  species 
in  two  of  the  genera  above  named,  Monograptus  and  Cyrtograptus, 
increase  in  the  Wenlock ;  in  which,  if  we  include  the  species  which 
occur  in  the  Tarannon  Shales  lying  at  the  base  of  the  Upper  Silurian 
(Lower  Wenlock  group),  some  9  genera  and  20  species  may  occur. 
As  in  the  Caradoc,  it  is  extremely  difficult  to  arrive  at  the  number 
of  true  species  that  range  through  the  areas,  owing  to  not  having 
correct  knowledge  of  the  species. 

Actinozoa. — This  is,  zoologically,  an  important  group  in  the  Upper 
Llandovery,  from  the  number  of  genera  occurring  and  the  numeri- 

cally few  species,  11  of  the  16  genera  being  represented  only  by 
1  species  each.  These  are  Alveolites,  Coenites  (probably  one  genus), 
Holy  sites.  Labechia,  Ompliyma,  Plasmopora,  Ptyehophyllum,  Lincl- 
strbmia,  Propora,  Pinnaeopora,  and  Streptelasma.  Thus  only  5 
genera  constitute  a  specific  fauna,  viz.  Favosites  4  species,  Heliolites  5, 
Palceocyclus  2,  Petraia  7,  and  Syringopora  3.  Their  dispersion  or 
distribution  is  equally  significant,  showing  that  the  two  chief  com- 

pound genera,  Favosites  and  Heliolites,  are,  with  one  exception 
{Petraia),  the  most  widely  distributed  geographically.  Petraia 
occurs  in  all  the  14  localities  *  ;  and  perhaps  no  single  genus  has  so 
wide  a  range  or  such  persistent  representative  forms,  commencing 
in  the  Caradoc  with  6  species,  having  the  same  number  in  the 
Lower  Llandovery,  and  7  species  in  the  Upper  Llandovery.  It  is 
reduced  to  3  in  the  Wenlock,  and  1  (P.  bina)  in  the  Lower  Ludlow. 

"We  know  also  of  3,  if  not  4,  Petraia  in  Lower,  Middle,  and  Upper Devonian  ;  they  are,  however,  distinct  species,  being  P.  celtica, 
Lonsd.,  P.  gigas,  M'Coy,  and  P.  pleuiradialis,  Phil.  As  regards  the 
number  of  genera  and  species  numerically  of  value,  or  important 
in  certain  areas,  we  find  that  in  Pembrokeshire  and  Cardiganshire 
these  are  but  feebly  represented.  The  former  county,  at  Marloes 
Bay,  has  given  us  3  genera  and  4  species,  viz.  Favosites  asper, 
Ompliyma  iu.rbinata,  Petraia  bina,  and  Petraia  subduplicata;  and 
Cardiganshire  only  1,  Petraia  elongata.     Radnorshire  has  yielded 
2  genera  and  3  species,  Heliolites  inter stinctus,  Petraia  elongata, 
and  P.  subduplicata.  These  few  and  local  species  are  significant 
and  suggestive  as  to  the  cause  of  their  restricted  numbers. 
Worcestershire,  through  the  Malvern  area,  is  richest  in  species,  its 
7  genera  and  18  species  being  the  highest  known  in  the  nine  areas — 
Caermarthenshire  and  Caernarvonshire  having  12,  Gloucestershire, 
Scotland,  and  Ireland  each  10  species,  and  South  Wales  generally  14. 
Of  the  16  genera  and  32  species  that  range  through  the  Upper  Llan- 

dovery beds,  14  genera  and  22  species  pass  up  into  the  Wenlock.  The 
3  genera  peculiar  to  this  horizon  are  Propora  (P.  Edwardsii),  Pina- 
copora  (P.  Andersoni),  and  Lindstrdmia  (L.  lazvis).  The  remaining 
genera  and  species  all  pass  to  the  Wenlock  series,  the  Coelenterate 
fauna  of  which  numbers  76  species. 

*  P.  subduplicata  has  recently  been  discovered  in  Scotland. 
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Echinodeemata. — It  is  clearly  shown  that  this  group  requires  to 
he  more  carefully  collected  and  studied.  We  have  5  genera  and  5 
species,  or  only  1  representative  species  to  each  genus.  None  occur 
in  Shropshire  or  Scotland.  Two  species,  representing  2  genera, 
have  been  met  with  in  Pembrokeshire.  The  species  are  Actino- 
crinus  jpulchert,  Cyclocystoides  Bavisii,  Salt.,  Palceaster  coronetla, 
PeriecJiocrinus  moniliferus ,  and  Palaiecliinus  Phillvpsice,  Forbes — 
the  last  being  the  first  known  representative  of  the  Echinoidea  in 
time.  The  Perischoechinidae,  to  which  family  this  genus  belongs, 
attained  its  maximum  development  during  the  Carboniferous 
period,  both  in  Britain  and  America.  No  fewer  than  7  genera 
have  been  recognized  in  America  and  4  in  Britain.  In  the  test 
of  Palceecliinus  the  interambulacral  plates  abut  against  each  other, 
not  being  bevelled  for  overlapping  articulation,  as  is  the  case  with 
Perischodoinvs,  Oligop7iorus,  Melonites,  and  other  genera.  The  family 
Archseocidaridre,  of  which  the  Carboniferous  genus  Archceocidaris  is 
the  type,  does  not  occur  below  the  Carboniferous  rocks  in  any  known 

area.  The  modern  representative,  "  Calveria"  (C.  hystrice)  of  Prof. 
W.  Thomson,  has  been  dredged  in  445  fathoms  water  (2670  feet)  in 

lat,  59°  38'  K,  long.  7°  46'  "W.  Calveria  differs  from  all  known recent  Echinoidea  through  the  structure  of  the  plates  of  the  test, 
which  overlap,  instead  of  abutting  against  each  other,  as  in  all  other 
genera.  Again,  the  plates  composing  the  interambulacral  areas  over- 

lap from  the  apical  disk  towards  the  mouth,  and  those  of  the  ambu- 
lacral  area  from  the  mouth  towards  the  apical  disk,  or  in  the  reverse 
direction.  This  ancient  type  appears  in  the  Chalk  as  Ecliinothuria 

(E.  floriformis);  and  now,  through  the  dredgings  of  the  '  Porcupine/ 
we  have  proof  of  its  continuity  from  the  Cretaceous  epoch. 

Annelida. — Three  genera,  with  four  species,  two  of  which  claim 
attention  here,  viz.  Tentaculites  {ornatus,  Sow.),  and  Cormdites  (serpu- 
laria,  Schloth.).  They  have  occurred  in  almost  every  locality  since 
their  first  appearance  in  the  Caradoc  and  Bala  beds.  Tentacidites 
ranges  through  the  Caradoc  everywhere  except  in  Scotland  ;  it  is 
abundant  in  the  Lower  Llandovery  of  South  Wales  ;  but  its  maxi- 

mum of  development  takes  place  in  the  May-Hill  Sandstones,  where 
it  is  a  marked  feature  in  the  fauna.  It  is  sparingly  exhibited  in  the 
Wenlock  shales  and  sandstones,  Cormdites  having  replaced  it  indi- 

vidually in  those  beds.  Tentaculites  anglicus,  T.  ornatus,  and 
T.  tenuis  are  also  Ludlow  species  ;  and  the  long-lived  T.  anglicus 
either  passes  to  the  Middle  Devonian  slightly  modified,  or  is  replaced 

by  Schlotheim's  species  T.  scalaris. 
The  3  genera  and  4  species  (Comulites  serpudarius,  Tentacidites 

anglicus,  T.  ornatus,  and  Spirorbis  Lewisii)  pass  to  the  Wenlock. 
The  Cephalobranchiate  or  Tubicolar  Annulosa  (Annelida)  play  an 

important  part  in  the  life  and  distribution  of  the  class  through 
time.  Their  habits  insure  persistency,  their  structure  security,  and 
their  bathy metrical  ranges  are  such  as  to  lessen  their  chances  of 
modification  through  relative  changes  of  land  and  sea.  ISTo  form  of 
the  order  Errantia,  or  Dorsibranchiate  Annelida,  has  been  detected 
in  the  Llandovery  rocks,  although,  doubtless,  they  existed,  as  many 
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of  the  so-called  fueoidal  remains  are  only  tracks  of  these  creatures  • 
and  their  presence  has  been  demonstrated  by  Mr.  G.  J.  Hinde 
through  his  discovery  of  the  jaws  of  many  species  of  the  Poly- 
chseta  in  the  Silurian,  Devonian,  and  Carboniferous  formations. 
In  the  Wenlock  alone  he  has  discovered  the  remains  of  6  genera 
and  24  species ;  and  in  the  Ludlow  2  of  the  same  genera  and  6 
species.  No  one  can  doubt  that,  by  careful  sifting  and  preparation, 
the  clays  and  shales  of  the  still  older  rocks  may  yield  a  rich  harvest 
of  the  remains  of  the  Annulosa  and  soft-skinned  Echinoderms.  This 
process  is  now  bearing  fruit  through  the  energetic  measures  em- 

ployed by  Mr.  G.  Maw,  in  having  large  quantities  of  the  Wenlock 
Shales  washed,  sifted,  and  examined.  Numbers  of  new  forms  have 
been  discovered.  The  same  result  has  been  obtained  through  the 
determined  and  persistent  search  made  by  Mr.  Bennie  (the  Collector 
for  the  Scotch  Survey)  for  remains  of  the  Holothuridse  in  the  Car- 

boniferous shales  of  Scotland,  and  also  for  the  Chitonidse.  The 
results  obtained  by  this  patient  worker,  and  the  species  collected,  are 
now  being  described  and  figured  for  the  Glasgow  Geological  Society 
by  Mr.  Etheridge,  Junior. 

It  is  now  the  age  of  microscopical  investigations,  and  ere  long 
microscopic  palaeontology  will  stand  on  the  same  footing  with  peno- 

logical and  crystallographic  investigations. 
Crustacea. — The  distribution  of  some  of  the  species  of  the  Crus- 

tacea through  the  Lower  Llandovery  is  more  constant  and  uni- 
versal than  in  any  other  Silurian  deposit.  Calymene  Blumenbachii, 

Encrinurus  punctatus,  Illcenus  Tkomsoni,  Proetus  Stokesii,  and  Plia- 
cops  StoJeesii  occur  in  almost  every  locality,  and  all  5  pass  to  the  Wen- 
lock.  7  of  the  known  24  species  do  not  pass  to  any  higher  horizon  than 
Upper  Llandovery ;  they  are  Illcenus  cemulus,  I.  Bowmanni,  I.  Mac- 
callumi,  Phacops  Weaveri,  P.  obtusicdudatus,  Lichas  laxatus,  and  Tri- 
nucleus  concentricus.  To  show  how  equally  the  species  are  distri- 

buted, I  may  state  that  in  Caermarthenshire  7  genera  and  12  species 
occur ;  in  Pembrokeshire  7  genera  and  11  species ;  in  Worcestershire 
7  genera  and  13  species ;  in  Shropshire  7  genera  and  15  species ;  and 
in  Ireland  7  genera  and  14  species ;  and,  singularly  also,  7  genera  and 
14  species  pass  to  the  Wenlock.  As  we  have  before  seen,  10  species 
are  Lower  Llandovery  and  Caradoc — thus,  as  regards  the  Crustacea, 
rendering  the  value  of  the  Upper  Llandovery  as  a  distinct  palseon- 
tological  group  more  questionable  still. 

Brachiopoda. — The  species  in  this  class  are  more  than  double  the 
number  of  those  of  any  other  in  the  Upper  Llandovery  rocks.  We 
recognize  65  species  and  13  genera.  The  geographical  distribution 
of  Atrypa  (5  species),  Leptcena  (4),  Orthis  (10),  Pentamerus  (4), 
Mhynckonella  (9),  StricMandinia  (2),  Spirifera  (5),  and  Strophomena 
(11)  is  complete  through  South  AY  ales,  Gloucestershire,  Worcester- 

shire, and  Shropshire.  These  8  genera  include  the  mass  of  species 
(50  of  the  65)  that  range  through  the  fourteen  localities  I  have 
selected,  and  whence  I  have  drawn  the  materials  for  analysis,  and 
I  believe  I  have  omitted  none.  Lingula  with  5  species,  Crania  and 
Discina  each  with  1 ,  Chonetes  with  3,  and  Meristella  with  6  species 
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are  sparingly  and  irregularly  distributed ;  but  we  should  expect  this 
from  the  habits  and  habitats  of  3  at  least  of  the  genera.  No  less 
than  36  species  come  up  from  the  Lower  Llandovery  (22  of  the  same 
are  Caradoc) ;  and  41  of  the  65  range  into  the  Wenlock  beds.  As 
among  the  Crustacea,  few  species  belong  to  the  Upper  Llandovery 
proper,  showing  how  slight  is  the  evidence  afforded  us  to  separate  the 
Lower  and  Upper  Llandovery.  The  stratigraphical  unconformity  is, 
however,  completely  borne  out  by  a  corresponding  palseontological 
break.  This  is  most  decisively  seen  from  the  Actinozoa,  the 
Crustacea,  the  Brachiopoda,  and  the  Lamellibranchiata ;  indeed  Car- 

diganshire has  as  yet  only  yielded  1  species  of  Actinozoa,  Petraia 
elongata,  M'Coy.  The  Upper  Llandovery  rocks  of  the  nine  chief 
areas  given  below  have  yielded  the  following  number  of  genera  and 
species  of  Brachiopoda  : — 

Co  unties. Grenera. 
Species. Pembrokeshire   

11 
19 

Caermarthenshire 12 38 none. 

Radnorshire   6 
22 

Gloucestershire  9 

27 

Worcestershire   11 35 
Shropshire  13 

13 

9 
12 10 
19 

No  less  than  11  genera  and  41  species  pass  up  to  the  Wenlock 
group,  thus  showing  that  a  greater  number  of  species  in  this  class 
pass  up  than  belong  to  any  even  of  the  most  prolific  areas. 

Lamellibranchiata. — Considering  the  few  species  known  in  the 
Lower  Llandovery  (3),  we  have  here  a  marked  change  in  the  greatly 
increased  fauna  of  bivalve  Mollusca,  which  have  increased  from 
the  3  genera  and  3  species  of  the  Lower  Llandovery  (Pterincea  retro- 
flecea,  Mytilus  mytilimeris,  and  OrtJionota  sulcata)  to  12  genera  and 
29  species.  2  of  the  3  species  above  named  pass  to  these  upper  beds, 
so  that  the  specific  fauna  is  essentially  new ;  in  the  end,  however, 
it  gives  to  the  Wenlock  7  genera  and  15  species ;  or  50  per  cent, 
pass  to  the  Wenlock.  The  Worcestershire  area  is  most  prolific, 
12  species  occurring.  Only  3  species  are  known  in  Scotland, 
Anodontopsis  bulla,  Pterincea  Soiuerbyi,  and  Cardiola  striata,  and  3 
in  Ireland,  Anodontopsis  bulla,  M'Coy,  Pterincva  bidlata,  M'Coy, 
and  Ctenodonta  subcylindrica,  M'Coy.  No  species  is  known  either 
in  Radnorshire  or  Caermarthenshire.    (  Vide  Table  No.  XII.) 

Gasteropoda. — Equally  balanced  with  the  above  group,  the  dis- 
tributional value  being  through  species  of  Holopella,  Acrocidia,  JRlia- 

phistoma,  and  Turbo.  These  species,  too,  have  a  wide  geographical 
distribution,  Worcestershire,  as  before,  possessing  the  greatest  num- 

ber of  species  (9),  although  here  only  equal  to  Ireland,  which  has 
also  9  species ;  while  Caermarthenshire  has  7,  the  remainder  of 
the  13  genera  and  28  species  being  equally  distributed.  6  genera 
and  8  species  pass  to  the  Wenlock;  they  are  Aeroculia  haliotis, 
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Euomphalus  alatus,  E.  frenatus,  E.  sculptus,  Holopella  obsoleta, 
Loceonema  sinuosum,  Murcliisonia  articulate^  and  Turbo  tritorquatus. 
jSTo  form  occurs  in  the  Upper  Llandovery  of  Cardiganshire. 

Pteropoda. — Only  1  species  is  known  in  the  Upper  Llandovery. 
Conularia  cancellated  Sandb.,  occurs  in  Gloucestershire  and  Shrop- 

shire, and  is  known  in  no  other  formations  or  localities  in  Britain. 
The  more  abundant  C.  Sowerbyi  is  Lower  Llandovery,  Wenlock, 
and  Ludlow.  It  is  questionable  if  0.  cancellata  is  really  a  British 
species  or  only  a  variety  of  O.  JSowerbyi.  7  of  the  10  areas  have 
no  represesentative  of  this  group. 

Heteropoda. — Eccidiomplicdus  (Cyrtolites)  and  Belleroplion,  the 
former  having  2  species  (E.  Icevis,  Sby.,  and  E.  scoticus),  the  latter 
9,  range  pretty  equally  through  the  Upper  Llandovery  rocks, 
B.  dilatatus,  B.  trilobatus,  and  B.  carinatus  having  the  widest  or 
most  extended  geographical  distribution.  The  rarer  forms,  Ecculi- 
onvplialus  scoticus,  M'Coy,  Belleroplion  suhdecussatus,  M'Coy,  B.  wen- 
locfcensis  and  B.  obtectus,  PhilL,  have  as  yet  only  occurred  each  in 
one  locality ;  5  of  the  11  have  appeared  before  in  the  Car  ado  c  ;  but 
only  one  species,  B.  carinatus,  seems  to  have  been  Lower  Llandovery. 
These  Pelagic  Mollusca,  especially  the  family  Afclantidse,  have  no  fixed 
habitat,  their  distribution  being  quite  independent  of  the  nature  of 
the  sea-bottom,  so  that  the  Bellerophons  of  the  Silurian.  Devonian, 
and  Carboniferous  periods  occur  indifferently  in  mechanical  deposits 
of  the  most  varied  petrological  or  lithological  characters.  The  great 
Porcellia  (P.  Woodivardii,  Sby.)  of  the  Middle  Devonian,  or  the  two 
species  P.  striata  and  P.  Symondsii  of  Phillips,  occur  in  all  sorts  of 
deposits  all  through  the  history  of  the  genus,  of  which  12  or  14 
species  range  from  the  Devonian  to  the  Trias,  Belgium  having 

afforded  many  forms.  Conrad's  genus  Cyrtolites,  probably  the 
Ecculiomplialus  of  Buckland,  is  represented  in  Britain  by  3  species 

— E.  Bucklandi,  Caradoc  only;  E.  Icevis,  Upper  Llandovery,  "Wen- lock,  and  Ludlow ;  and  E.  scoticus,  Llandeilo,  Caradoc,  and  Upper 
Llandovery.  Of  the  11  Upper  Llandovery  species  6  pass  to  the  Wen- 
lock,  5  being  species  of  Bellerophon,  and  1  Ecculiomplialus  {E.  Icevis). 

Cephalopoda. — Of  the  6  genera  occurring  in  the  Upper  Llan- 
dovery, viz.  Actinoceras,  Cyrtoceras,  Lituites,  Phragmoceras,  Treto- 

ceras,  and  Orthoceras,  one  (Actinoceras  nummidarium)  appears  for 
the  first  time,  and  the  rare  forms  Phragmoceras  compression  and 
Cyrtoceras  approximatum  have  but  local  geographical  distribution. 
The  last  named  is  from  the  Upper  Llandovery  of  Malvern  only; 
P.  compressum  the  same,  being  of  doubtful  occurrence  in  the  Ludlow 

rocks.  "We  have  seen  that  the  Caradoc  rocks  of  Shropshire  have  not 
yielded  a  single  species  of  Cephalopod ;  but  here,  in  the  Upper  Llan- 

dovery of  the  same  county,  we  have  3  genera  and  9  species ;  yet  8 
genera  and  47  species  occur  in  the  Caradoc  rocks.  This  fact,  coupled 
with  others  to  be  arrived  at  through  the  tables  of  distribution, 
tends  to  show  the  shallowing  of  the  Caradoc  sea  and  slow  elevation 
of  the  land  through  the  latter  part  of  the  Caradoc  period,  and  the 
time  represented  by  the  deposition  of  both  the  Lower  and  Upper 
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Llandovery  series.  4  genera  and  9  species  pass  to  the  Wenlock. 
Ireland  has  only  2,  Orthoceras  coralUforme,  M'Coy,  and  0.  subgre- 
garium,  M'Coy.  Badnorshire  has  1  species,  Lituites  cornu-arietis. 
Sow.  Taking  South  Wales  generally,  only  6  species  are  known 
there,  and  these  represent  4  genera — Actinoceras  1  species,  Lituites 
1  species,  Orthoceras  3  species,  and  Tretoceras  1  species. 

The  Upper  Llandovery  rocks  of  Scotland  give  us  4  species, 
3  Orthocerata  and  1  Pliragmoceras  (P.  corner essum). 
We  therefore  find  that,  out  of  the  whole  fauna  of  the  Upper 

Llandovery  rocks,  numbering  240  species,  only  91  are  confined  to 
them  and  do  not  pass  up.  The  following  list  shows  the  special 
Upper  Llandovery  fauna  : — ■ 

Protozoa   
Actinozoa   10 
Echinodermata   3 
Crustacea   8 
Bryozoa    3 
Brachiopoda   22 
Lamellibranchiata    11 
Gasteropoda   17 
Pteropoda   1 
Heteropoda    5 
Cephalopoda   9 

2  species. 

91 

Wenlocb:. 

I  have  stated  that  58  genera  aud  125  species  are  common  to  the 

"Wenlock  rocks  and  the  Upper  Llandovery ;  in  other  words,  these 125  species  pass  up  from  the  Llandovery  to  the  Wenlock  formation. 
Next  to  the  Caradoc  and  Bala,  the  Wenlock  group,  embracing  the 
Tarannon  Shales,  Denbighshire  Grits,  and  Woolhope  beds,  possesses 
the  largest  Silurian  fauna  known ;  it  numbers  168  genera  and  530 
species.  Eight  chief  groups  or  classes  out  of  the  fourteen  furnish  the 
majority  of  the  species,  in  each  case  attaining  their  maximum  in  the 
Wenlock  Limestone.    They  are  the  following : — 

1.  Hydrozoa    6  genera  and  30  species. 
2.  Actinozoa   25       „         76  „ 
3.  Echinodermata  28  genera  and  68  species. 
4.  Crustacea   27       „         78  „ 
5.  Brachiopoda   21 
6.  Lamellibranchiata  ....  16 
7.  Gasteropoda    9 
8.  Cephalopoda    5 

101 45 27 

30 

I  may  add  the  Bryozoa,  for  at  no  period  in  the  history  of  the 
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From  Lower  Llan- dovery. 
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Cardiganshire. 
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Worcestershire. 

Shropshire. 
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Scotland. 
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Lower  Palaeozoic  rocks  were  they  so  largely  presented,  and  all  the 
known  forms  in  the  Wenlock  group  (11  genera  and  24  species) 
occur  in  the  Wenlock  Limestone  and  Shale,  and  in  those  of  England 
alone,  only  1  species  occurring  either  in  Scotland  or  Ireland. 

Protozoa. — Cliona  prisca  and  Spongarium  Edwardsii  are  both 
Denbighshire-grit  species,  the  latter  being  also  Wenlock  and  Lud- 

low ;  Cnemidium  tenue  occurs  in  the  Wenlock  only,  and  Ischadites 
Grindrodi  in  the  Woolhope ;  the  other  well-known  species,  I. 
Kosnigi,  Murch.,  has  a  wider  range  both  in  time  and  space,  and  has 
occurred  in  the  Wenlock  rocks  beneath  the  Cretaceous  series  at 
Ware,  in  Herefordshire,  in  the  Silurian  cores  brought  up  from  a 
depth  of  1000  feet,  during  trials  for  the  better  supply  of  London 
with  water.  30  Wenlock  species  were  obtained  here  from  a  few 
feet  of  cores ;  they  are  identical  with  the  Wenlock  species  of  Dudley 
and  Wenlock  Edge.  (Vide  page  229,  in  the  Chapter  upon  the 
extension  of  the  older  rocks  under  the  London  area.)  The  singular 
and  still  doubtful  genus  Stromatopora  ($.  striateUa)  occurs  plentifully 
in  the  shales  and  limestones  of  the  true  Wenlock  beds,  and  is  also 
found  in  the  Aymestry  Limestone.  This  genus  comprises  a  large 
number  of  Silurian  and  Devonian  fossils  of  every  size  and  form.  The 
affinity  of  the  Stromatoporids  is  still  doubtful ;  by  some  authors  they 

are  placed  with  the  Hydrozoa,  in  the  subclass  "  Hydrocorallina." 
The  doubtful  Devonian  genus  Caunopora  suggests  much  research, 
both  from  its  abundance  and  peculiar  structure.  In  Britain  Stroma- 

topora first  appears  in  the  Caradoc  and  Bala  group,  ranging  upwards 
into  the  Middle  Devonian  of  Devonshire. 

Hydrozoa. — The  Wenlock  rocks  (assuming  the  Tarannon  and 
Denbighshire  beds  to  be  at  their  base)  have  yielded  6  genera  and  30 
species.  Stratigraphically  they  occur  chiefly  in  the  Tarannon  beds, 
or  probably  the  Denbighshire  Grits.  So  far  as  I  know  there  are 
none  in  the  Woolhope  beds,  and  I  omit  them  from  the  column 

headed  W enlock,  as  they  occur  chiefly  at  Builth  and  in  North  Wales', and  in  this  case  would  be  repeated.  The  Tarannon  or  Denbighshire 
beds  have  yielded  5  genera  and  23  species ;  North  Wales  1  genus 
(Monograptus)  and  8  species ;  South  Wales  3  genera  and  15  species  ; 
Westmoreland  3  genera  and  16  species ;  Scotland  3  genera  and  5 
species. 

Actinozoa. — At  no  period  during  the  progress  of  Palaeozoic  time 
was  there  so  large  and  rich  a  Coralliferous  fauna  as  during  the 
Wenlock  period  ;  numerically  the  Middle  Devonian  about  equalled 
the  Wenlock  species  in  number,  the  genera  and  species  being  in  both 
deposits  much  the  same.  The  Wenlock  rocks  of  Britain  yield  25 
genera  and  76  species,  the  Devonian  24  genera  and  52  species, 
and  the  Carboniferous  36  genera  and  141  species. 

I  believe  every  known  Wenlock  species  (there  are  76  of  them) 
occurs  in  the  Wenlock  Limestone  and  its  subordinate  shales.  In  the 
lower  division,  especially  the  Tarannon  Shale  and  the  Denbighshire 
Grits,  the  species  are  few,  not  more  than  five  being  known  in  the 
former  and  four  in  the  latter. 
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The  Tarannon  species  are  Favosites  asper,  F.  Jibrosus,  F.  gotlilan- 
dicus,  Petraia  bina,  and  P.  subduplicata.  The  four  Denbighshire-grit 
species  are  also  Favosites  aspera  and  F.  Jibrosus,  Petraia  subduplicata 
and  Syringopora  serpens.  The  upper  member  of  the  Lower  Wenlock 
(the  Woolhope  beds)  yields  16  genera  and  26  species,  most  equally 
distributed  generically.  The  North-Welsh  Wenlocks  yield  7  genera 
and  11  species,  and  the  South- Wales  beds  10  genera  and  18 
species  ;  Scotland  8  genera  and  11  species;  and  Ireland  14  genera 
and  23  species. 

We  must  not  forget  that  14  genera  and  22  species  came  from  the 
Llandovery  rocks,  and  18  pass  to  the  Ludlow  group,  13  of  which 
were  also  Llandovery  ;  thus  41  species  are  peculiarly  Wenlock. 

Echinodermata. — As  compared  with  the  Upper  Llandovery,  with 
only  5  genera  and  5  species,  and  the  Lower  Llandovery  only  2 
species,  the  Wenlock  sea  must  have  been  highly  favourable  to  the 
development  of  the  Echinodermata  ;  no  greater  development  of  life 
is  known  in  any  formation,  for  60  of  the  68  known  species  of 
Echinodermata  were  new  appearances  in  the  British  area.  Many 
are  American ;  65  of  the  68  are  Wenlock  Limestone ;  no  species  is 
known  in  Scotland,  and  only  1  in  Ireland  (Actinocrinus  Wynnei, 

Baily) ;  only  1  species  occurs  in  N".  Wales  in  the  Tarannon  Shale (Actinocrinus  pulcher),  and  only  2  in  the  Woolhope  (Eucalyptocrinus 
poly  dactyl  us,  M'Coy,  and  Pisocrinus  pilula,  De  Kon.). 

We  should  expect  that  out  of  so  large  a  fauna  many  species  would 
pass  to  the  higher  divisions  of  the  Tipper  Silurian,  but  only  4  genera 
and  6  species  pass  to  the  Lower  Ludlow.  These  are  of  the  Crinoidea, 
Actinocrinus  pulcher,  IcJithyocrinus  pyriformis,  and  Icliiliyocrinus 
JSP  Coy  anus  ;  of  the  Cystidea,  Pseudocrinites  magnijictis,  P.  quadrifas- 
ciatus;  and  of  the  Asteroidea,  Rlwphalocoma  pyrotechnica.  Icliiliyo- 

crinus pyriformis  is  the  only  species  occurring  in  the  Aymestry 
Limestone ;  the  Upper  Ludlow  only  holds  1  species  in  common  with 
the  Wenlock,  the  long-lived  Actinocrinus  pidcher.  jSTo  less  than  20 
new  Echinodermal  genera  made  their  appearance  in  the  Wenlock 
sea,  and  17  of  them  are  confined  to  the  Wenlock  rocks  ;  the  4  genera 
that  pass  to  the  Ludlow  are  Ichthyocrinus,  Taxocrinus,  Pseudocri- 

nites, and  Hhoplialocoma.  This  marked,  sudden,  and  important 
addition  to  the  3  orders  of  the  Echinodermata  can  only  be  explained 
upon  the  theory  of  migration  from  some  prolific  area ;  whence  it  is 
most  difficult  to  suggest :  but  looking  at  the  great  generic  and  specific 

development  of  the  Crinoidea,  Cystidea,  &c.  in  N".  America,  and the  great  resemblance,  if  not  identity,  of  the  faunas  in  the  two 
areas,  would  lead  one  to  surmise  that  it  was  from  the  west  rather 
than  from  Europe  that  the  Wenlock  sea  derived  these  Echino- 
dermata. 

Annelida. — No  other  British  Palaeozoic  strata  possess  so  many 
species  of  Annelida;  they  number  35.  The  Upper  Llandovery 
possesses  only  4  species,  the  Lower  Llandovery  3,  the  Caradoc  16, 
the  Llandeilo  3,  and  Ludlow  17  species. 

This  exuberance  in  the  Wenlock  strata  is  due  to  the  researches  of 
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one  naturalist*,  through  whose  careful  investigations  no  less  than  6 
new  genera  and  24  new  species  have  been  added  to  the  Annelidan 
group  of  the  Wenlock.  We  know  of  but  one  Wenlock  species  in 
Scotland  or  Ireland.  All  except  one  species  occurs  in  the  true 
Wenlock  Limestone  and  shales :  4  species  pass  to  the  Lower  Ludlow 
(Helminihites,  sp.,  Serpulites  clispar,  IS.  longissimus,  and  Spirorbis 
Leivisii)  and  8  to  the  Upper  (viz.  Cornulites  serpularius,  Serpulites 
dispar,  S.  longissimus,  Tentacidites  anglicus,  T,  ornatus,  Trachyderma 
squamosa,  and  2  species  of  Arahelliies). 

Crustacea. — Ten  new  genera  appear  here  for  the  first  time  ;  it  is 
important  to  name  them — Turrilepas,  JEclimina,  Oyphaspis,  Deiplion, 
Eurypterus,  Hemiaspis,  Pterygotus,  Thlipsura,  Oyihere,  and  Cytlie- 
rellina.  The  entire  Crustacean  fauna  consists  of  27  genera  and  78 
species ;  the  Upper  Llandovery  transmits  to  it  7  genera  and  14 
species :  74  of  the  78  species  occur  in  the  Wenlock  Limestone ;  and  the 
4  wanting  species  are  Homalonotus  cylindricus,  Oeratiocaris  ludensis, 
Primitia  ecccavata,  and  P.  lenticidaris.  The  Woolhope  beds  hold  a 
remarkable  Crustacean  fauna,  comprising  13  genera  and  24  species  : 
this  class  and  the  Brachiopoda  are  the  only  two  marked  zoological 
groups  in  this  division  of  the  Lower  Wenlock  series ;  12  of  the  Trilo- 
bita  are  Upper  Llandovery,  and  only  1  is  distinctly  a  Woolhope 
species,  viz.  Homalonotus  cylindricus,  Salt.  The  remaining  3  species 
of  Crustacea  in  the  Woolhope  are  Primitia  eoccavata,  P.  lenticidaris, 
and  Cythere  Grindrodiana,  Salt.,  all  belonging  to  the  Ostracoda ; 
they  are  of  no  value.  We  thus  rather  unexpectedly  find  that  the 
Woolhope  formation  possesses  groups  of  fossils  almost  equal  to 
those  of  the  Wenlock  Limestone  ;  such  as  the  Actinozoa  with  26 
species,  18  of  which  are  also  Upper  Llandovery;  the  Crustacea 
with  24  species,  19  of  which  are  Trilobites;  the  Brachiopoda 
with  17  genera  and  56  species  out  of  the  21  genera  and  96  species 
known  in  the  Wenlock  Limestone.  The  poverty  of  the  Crustacea 
in  the  Tarannon  and  Denbighshire  Grits  might  be  expected  from  the 
lithological  characters  of  the  rocks  ;  only  8  of  the  78  species  occur 
in  the  former,  and  5  in  the  latter  horizon.  Worth  Wales  has  only 
yielded  5  genera  and  11  species,  and  South  Wales  9  genera  and  14 
species  ;  only  3  species  occur  in  Scotland — Turrilepas  Wrightianus, 
Beyrichia  Klcedeni,  and  Pliacops  JStoJcesii.  The  Irish  species  number 
8 — CalymeneBlumenbachii,  var.  Allportiana,  Oheirurus  bimucronatus, 
Encrinurus  punctatus,  E.  variolaris,  Pliacops  caudatus,  P.  nitclus,  P. 
Stolcesii,  and  Proetus  latifrons.  The  order  Merostomata  makes  its 
first  appearance  in  the  Wenlock  through  Eurypterus  punctatus, 
Hemiaspis  Jiorridus,  and  Pterygotus problematicus,  all  in  the  Wenlock- 
Limestone  series.  This  group  of  Crustacea  has  been  extensively 
and  critically  worked  out  and  illustrated  in  a  masterly  manner 
by  Dr.  H.  Woodward,  F.R.S.,  in  the  volumes  of  the  Palaeonto- 
graphical  Society,  the  Quarterly  Journal  of  the  Geological  Society, 
and  the  4  Geological  Magazine.'    The  suborder  Eurypterida  is  repre- 

*  G-.  J.  Hinde,  Quart.  Joum.  Geol.  Soc.  vol.  xxxvi.  pp.  368-378. 
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sented  by  5  genera,  3  of  which  commence  or  first  appear  in  this 
division  of  the  Upper  Silurian  strata.  No  less  than  12  species  of 
Primitia,  besides  other  Ostracods,  have  been  determined  by  Prof. 
Rupert  Jones,  F.R.S.,  two  of  them  being  Woolhope  (Cyiliere  Grin- 
drodiana  and  Primitia  lenticular  is).  Of  the  whole  group  of  Crus- 

tacea, 13  genera  and  18  species  pass  up  to  the  Lower  Ludlow,  whose 
Crustacean  fauna  numbers  18  genera  and  47  species. 

Bryozoa. — Of  the  11  known  genera  that  occur,  6  are  new  in 
the  Wenlock.  JSTo  less  than  24  species  are  known  in  the  shales 
and  limestones  ;  none  have  occurred  in  the  Tarannon  Shales,  Den- 

bighshire Grits,  or  anywhere  in  North  Wales  or  Scotland.  In  South 
Wales  2  species  are  known,  Diastopora  consimilis,  Lonsd.,  and  Ptilo- 
dictya  lanceolata ;  the  same  species  occur  in  Ireland,  and,  with  Esclia- 
rina  angularis,  Lonsd.,  pass  to  the  Lower  Ludlow.  Fenestella 
assimilis,  F.  suhantiqua,  and  Ptilodictya  lanceolata  were  also  Lower 
Llandovery  species.  The  6  genera  not  known  in  the  older  rocks, 
and  which  first  appear  in  the  Wenlock,  are  Cellepora,  Geriopora, 
Diastopora,  Discopora,  Escharina,  and  Polypora. 

Most  of  the  Palaeozoic  genera  belong  to  the  order  Gynmolsemata, 
suborder  Cyclostomata.  We  know  of  no  Palaeozoic  genera  extending 
into  the  Secondary  Period,  where  this  class  attains  its  maximum 
paleeontological  development,  the  Cretaceous  system  alone  having 
yielded  more  than  200  species. 

Brachiopoda. — In  the  Wenlock  rocks,  like  the  Caradoc,  the  Bra- 
chiopoda  greatly  predominate  over  most  of  the  other  groups.  We 
have  determined  15  genera  and  109  species  in  the  Caradoc  ;  and  now 
in  the  Wenlock  are  enabled  to  show  that  22  genera  and  101  species 
occur,  being  an  increase  of  7  new  genera  (namely,  Athyris,  Cyrtia, 
Eichwalclia,Nucleospira,  Obolus,Orbiculoiclea,  and  Retzia),  the  species 
being  fewer  so  far  as  we  know  through  the  literature  of  the  class. 
21  genera  and  96  of  the  101  species  belong  to  the  Upper  Wenlock 
or  Wenlock  Limestone  and  shale*;  all  the  known  22  genera  are 
also  represented  in  the  same  horizon.  The  Woolhope  beds  yield  17 
genera  and  56  species,  every  Woolhope  shell  being  also  Wenlock. 
Orthis  mullochensis,  Dav.,  or  its  variety  O.  reversa,  may  stand  alone 
as  a  Woolhope  species,  but  every  other  form  is  equally  Wenlock. 
Certain  horizons  in  the  Wenlock  rocks  are  richer  generically  and 
poorer  in  species  than  others ;  this  is  shown  in  the  Tarannon  Shales 
and  Denbighshire  Grits,  where,  in  the  former,  10  genera  occur 
with  only  15  species :  it  is  the  same  with  the  Denbighshire  Grits, 
in  which  we  have  14  genera  and  only  19  species.  No  genus  or 
species  is  peculiar  to  either  the  Tarannon  or  Denbighshire  beds ; 
all  are  good  Upper  Wenlock  forms.  Those  species  having  the 
longest  range  in  time  in  the  Wenlock  group  number  about  11 ;  they 
also  have  a  correspondingly  wide  range  in  space ;  they  are  : — 

*  The  researches  of  Mr.  Davidson,  F.E.S.,  upon  the  collection  made  by 
Mr.  Gr.  Maw  in  these  beds  has  enabled  him  to  add  many  new  species  and  one 
or  two  new  genera  to  the  fauna  of  the  Wenlock  rocks. 
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Atrypa  reticulata. 
Chouetes  striatellus. 
Crania  hnplicata. 
Leptasna  transversalis. 
Meristella  tumida. 
Or  this  elegantula. 

E-hynchonella  nucula. 
Spirifera  elevata.  exporrecta. 
Strophoinena  pecten.  rhomboidalis. 

All  those  named  have  appeared  in  the  Llandovery  or  Caradoc 
before,  and  all  pass  to  the  Ludlow ;  but  their  universality  through 
the  Wenlock  renders  them  conspicuous  or  long-lived,  though  not 
perhaps  the  best  witnesses  in  determining  the  age  of  any  particular 
horizon  through  the  Wenlock  deposits  ;  those  species  which  are 
short-ranged,  or  essentially  typical  or  confined  to  particular  beds, 
should  be  named,  as  contradistinguished  from  those  given  above. 
No  species  is  peculiar  to  the  Tarannon  Shale,  although  10  genera 
and  15  species  range  through  this  series  of  beds.  No  species  essen- 

tially marks,  distinguishes,  or  is  confined  to  the  Denbighshire  Grits ; 
yet  14  genera  and  19  species  also  occur  in  this  horizon. 

Although  17  genera  and  56  species  are  known  in  the  Woolhope 
beds,  yet  only  2  species  are  restricted  to  them ;  these  are  Orthis 
mullochensis,  Dav.,  and  Pentamerus  undatus,  Sby.  This  last  species 

occurs  in  the  "Woolhope  (?)  of  Ireland. Every  Tarannon  species  except  Lingida  Symondsii  had  previously 
occurred,  or  apx>eared  in  one  or  other  of  the  two  Llandovery  horizons 
or  in  the  Caradoc.  All  the  species  in  the  Denbighshire  Grits  except 
three,  Discina  2forrisii,  Meristella  tumida,  and  HJiynchonella  navicida, 
also  have  appeared  in  and  passed  up  from  the  same  deposits.  Thus 
we  find  that  the  restricted  Brachiopodal  fauna  (so  far  as  we  at  pre- 

sent know)  in  these  beds  at  the  base  of  the  Wenlock  is  extremely 
scanty. 

Out  of  the  101  known  Wenlock  species,  56  had  not  occurred  in 
any  earlier  formation,  but  first  appeared  in  the  Woolhope  and 
Wenlock  Limestone ;  these  newly  introduced  Wenlock  forms  repre- 

sent 20  genera.  I  deem  it  important  to  name  them  and  give  the 
numbers  of  the  species  in  each  genus ;  they  are  : — 

Athyris    3  species. 
Atrypa    2  „ 
Crania    3  ., 
Cyrtia   1 
Discina    4  „ 
Eickwaldia   1  ,, 
Leptasna   2 
Lingula    2 
Meristella   4  „ 

Nucleospira   *.  1  „ 

Obolus    3  species. 
Orbiculoidea    2 
Orthis   6 
Pentamerus    3 
Eetzia   2 
Ehynchonella    4 
Siphonotreta  „  1 
Spirifera   3 
Strophomena   8 
Triplesia   1 

Out  of  so  large  a  fauna  as  101  species,  96  of  which  occur  in  one 
division  (the  Wenlock  Limestone  and  Shale),  we  should  expect  to 
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find  a  large  proportion  absolutely  restricted  to  that  horizon.  Of 
such  restricted  species  in  the  true  Wenlock  rocks  (limestones  and 
shales)  we  have  24  or  25  per  cent.  None  of  the  following  species 
occurs  in  any  other  horizon ;  and  they  may  therefore  be  accepted  as 
definitely  typical  Wenlock  species — Atrypa  Barrandii,  Dav.,  Cra- 

nia Grayii,  Dav.,  C.  Sedgwichii,  Lewis,  C.  siluriense,  Dav.,  Cyrtia 
nasuta,  Lewis,  Leptama  segmentum,  Aug.,  Meristella  nitida,  Hall, 
Nueleospira  pisum,  Sow.,  Obolus  Davidsoni,  Salt.,  0 rbiculoidea 
Becketiana,  Dav.,  Orthis  cequivalvis,  Dav.,  0.  bascdis,  Dalm.,  0. 
Lewisii,  Dav.,  0.  Hughesii,  Dav.,  Metzia  Salteri,  Dav.,  Siphonotreta 
anglica,  Mor.,  Spirifera  sulcata,  His.,  Strophomena  Dayi,  Dav.,  S. 
Fletcheri,  Dav.,  S.  Hendersoni,  Dav.,  S.  Orbignyi,  Dav.,  S.  Walm- 
stedti,  Linds.,  S.  IValtoni,  Dav.,  and  Triplegia  MacCoyana,  Dav. 

The  Wenlock  Brachiopoda  of  Scotland  number  11  genera  and  20 
species,  most  of  them  belonging  to  the  long-range  species,  the  more 
restricted  being  Meristella  Maclareni,  Hasw.,  Nueleospira  pisum, 
Sow.,  Orthis  Leiuisii,  Dav.,  0.  ivenlocJcensis,  Dav.,  0.  poly  gramma, 
Sow.,  and  Strophomena  Hendersoni,  Dav. 

The  Irish  Wenlocks  contain  11  genera  and  31  species ;  the  most 
important  are  Obolus  Davidsoni,  Salt.,  Pentamerus  undatus,  Sow., 
lihynchonella  Beltiana,  Dav.,  H.  chjlexa,  Sow.,  Orthis  rustica,  Sow., 
Spirifera  bijugosa,  M'Coy,  and  Strophomena  Dayi,  Dav.  The  genera 
numerically  rich  in  species  are  Orthis  (16  species),  Rhynchondla 
(10),  Spirifera  (8),  Strophomena  (16),  Pentamerus  (6),  Meristella 
(5),  and  Atrypa  (5).  The  rarer  genera  are  but  feebly  represented. 
12  genera  and  32  species  pass  to  the  Lower  Ludlow,  10  genera  and 
26  species  appear  in  the  Aymestry,  and  11  genera  and  17  species  in 

the  Upper  Ludlow.  Again,  the  "Wenlock  is  allied  to  the  Caradoc and  Llandovery  groups  through  11  genera  and  41  species,  39  being 
Upper  Llandovery,  22  Lower  Llandovery,  and  14  Caradoc  species ; 
5  Llandeilo  species  lived  on  through  all  five  periods,  viz.  Leptcena 
sericea,  Orthis  biforata,  0.  calligramma.  0.  elegantula,  and  Stropho- 

mena rhomboidalis. 

Lamellibranchiata. — Out  of  the  16  genera  and  44  species  of 
bivalve  shells  ranging  through  the  Wenlock  rocks,  the  upper  divi- 

sion or  Wenlock  Limestone  yields  43  species,  the  one  absent  or 
uncertain  form  beiDg  doubtfully  Lunulacardium  aliforme,  Sby. 

The  Tarannon  Shale  contains,  so  far  as  we  kuow,  only  2  species, 
and  both  are  Upper  Llandovery  shells,  Pterincea  pla.mdata,  Conrad, 
and  P.  retrofiexa,  Wahl. ;  both  pass  to  the  Ludlow  beds.  The  Den- 

bighshire Grits  from  all  available  sources  yield  7  genera  and  10 
species.  The  Woolhope  only  3  genera  and  5  species :  these,  with 
the  Denbighshire-grit  species,  are  all  Upper  Wenlock  also.  The 
local  stratigraphical  position  of  the  "Woolhope  or  Barr"  Limestone 
carries  with  it  occasionally  a  peculiar  fauna,  and,  although  strictly 
of  Wenlock  age,  there  is  always  uncertainty  as  to  the  occurrence  of 
few  or  many  species,  but  it  is  next  in  numerical  value  to  the  Upper 
Wenlock.  The  Wenlock  rocks  of  North  Wales  furnish  8  genera 
and  14  species,  Pterincea,  Cardiola,  and  Cucullella  being  the  chief 
genera.  Pterincea  has  yielded  6  species,  Cardiola  3,  and  Cucullella 

vol.  xxwii.  n 
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3 :  other  genera  (Avieula,  Area,  &c.)  only  one  or  two  species 
each. 

In  South  Wales  11  genera  and  26  species  have  been  collected. 
The  genera  are  the  same,  but  with  specific  additions  to  Modiolopsis 
and  Mytilus. 

Of  the  3  Irish  genera  the  6  species  are — Pterincea  lineata, 
Goldf.,  P.  planulata,  Conr.,  and  P.  retroflexa,  WahL,  Cardiola 
fibrosa,  Sow.,  and  C.  interrupta,  Brod.,  with  Goniopliora  cymbceformis, 
Sow. ;  none  are  confined  to  the  Irish  beds.  Only  5  genera  and  8 
species  of  Lamellibranchiata  are  really  peculiar  to  the  Wenlock 
series.  7  genera  and  15  species  came  in  from  the  Upper  Llandovery ; 
3  of  these  15  are  Lower  Llandovery  also,  viz.  Pterincea  retrofiexa, 
Cardiola  interrupta,  and  Mytilus  mytilimeris ;  2  of  the  same  are 
Caradoc,  and  3  species  came  direct  from  the  Caradoc ;  they  are 

Pterincea  tenuistnata,  M;Coy,  Area  (Pcdcearca)  edmondiiformis, 
!M*Coy,  and  Ctenodonta  anglica,  D'Orb.  Thus  the  Wenlock  is  united 
to  the  Upper  Llandovery  below  through  17  species,  and  to  the  Lower 
Ludlow  above  by  21  species,  and  these  all  pass  to  the  Upper  Ludlow, 
so  that  the  actual  number  of  peculiar  Lamellibranchs,  or  the 
Bivalve  fauna,  is  reduced  to  the  following  8  species  : — Ambonycliia 
tumida,  Sollas,  Pterincea  asperula,  M'Coy,  and  P.  laminosa,  Goldf., 
Chidophorus  planulatus,  Conr.,  Modiolopsis  acutipora,  Sollas,  M. 

inflata,  var.,  and  M.  cliemungensis'l ,  Conr.,  with  Mytilus  unguicu- latus,  Salt.  Nevertheless,  assuming  that  the  transgressional  species 
also  strictly  belong  to  the  rocks  in  which  they  occur,  the  Wenlock 
Bivalve  fauna  consists  of  25  species  by  retaining  those  forms  that 
pass  up  to  the  Ludlow. 

Gasteropoda. — Looking  at  the  splendid  Ccelenterate,  Echino- 
dermal,  Crustacean,  and  Brachiopodal  faunas  in  the  Wenlock  series, 
the  distribution  and  ranges  of  which  we  have  analyzed  and  tabu- 

lated, we  should  have  expected  this  class  to  have  been  more 
largely  represented,  especially  as  during  the  Caradoc  and  Upper 
Llandovery  periods  a  larger  molluscan  fauna  existed,  although 
apparently  the  nature  of  the  sea-bed  was  not  so  favourable  as  that 
of  the  more  calcareous  and  argillaceous  condition  of  the  Upper 
Wenlock,  in  which  the  great  mass  of  the  Wenlock  fauna  occurs. 
All  the  genera  belong  to  the  order  Prosobranchiata  and  division 
Holostomata.  The  Caradoc  Gasteropoda,  as  we  have  seen,  number 
11  genera  and  53  species,  the  Wenlock  9  genera  and  27  species  ; 
the  9  genera  represent  5  families.  One  species  only  occurs  in  the 
Tarannon  Shale  (Acroculia  haliotis),  and  ranges  through  to  the 
Wenlock  Limestone  and  Ludlow.  The  Denbighshire  Grits  contain 
Acroculia  haliotis,  Holopella  graeilior,  Loxonema  elegans,  Murchi- 
sonia  articvlata,  and  M.  Lloydi,  or  4  genera  and  5  species.  The 
Woolhope  exhibits  but  a  small  fauna,  only  8  species,  4  of  which  are 
Euomphali  and  2  Acroeulice,  with  Trochus  (Cydonema)  eccaltatus  and 
Turbo  tritorquatus.  In  this,  as  in  all  the  other  classes,  nearly  every 
species  known  occurs  in  the  Upper  Wenlock  ;  thus  the  9  known 
genera  and  24  out  of  the  27  species  belong  to  that  horizon.  7  genera 
and  17  species  occur  in  South  Wales,  but  only  1  in  Scotland 
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( Euomphalus  fureatus).  Ireland  yields  4  genera  and  5  species 
{Murehisonia  articulata,  M.  Lloydii,  Euomphalus  alatus,  Cyclonema 
corallii,  and  Acroculia  haliotis).  We  must  remember  that  5  genera 
and  6  species  range  from  the  Upper  Llandovery ;  these  are  Euom- 

phalus alatus,  Sow.,  E.  fureatus,  Sow.,  E.  sculptus,  Sow.,  HolopeUa 
obsoleta,  Loxonema  sinuosa,  Sow.,  and  Murehisonia  articulata,  Sow.,  2 
of  the  same  occurring  in  the  Caradoc,  namely — Euomphalus  alatus, 
Sow.,  E.  sculptus,  Sow.,  and  probably  Tu rbo  tritorquatus,  IL'Coy;  and 
o  of  these  same  6  range  to  the  Ludlow.  Only  17  species  out  of  the 
27  strictly  belong  to  the  Wenlock  rocks  proper.  At  present  we 
know  of  no  species  other  than  those  in  the  division  Holostomata 
in  the  Silurian  rocks.  Eunema  is  the  only  new  genus  that  appeared 
in  this  formation ;  E.  eirrhosum  is  a  South- Wales  species. 

Pteropoda. — Only  3  species,  Conularia  Soiverbyii,  Defr.,  Tlieca 
anceps,  Salt.,  and  T.  Forbesii,  Sharpe,  have  as  yet  appeared  in  the 
Wenlock  group  ;  none  of  the  3  occurs  in  the  Tarannon  Shale,  in  the 

"Woolhope  beds,  or  in  Ireland.  Theca  Forbesii  has  been  found  in the  Denbighshire  Grits  and  Wenlock  Limestone,  and  passes  upwards 
to  the  Upper  Ludlow.  T.  anceps  is  here  Wenloek  only,  but  is  a  Cara- 

doc species  also.  Conularia  Soiverbyi  first  appeared  in  the  Caradoc, 
and,  with  the  exception  of  the  Upper  Llandovery,  is  present  in  all 
horizons  up  to  the  top  of  the  Upper  Ludlow ;  it  also  occurs  in  the 
Scotch  beds.  The  only  form  of  Thecosomatous  Pteropod  that  trans- 

gresses the  Silurian  rocks  is  Conularia,  which  is  Devonian  and 
Carboniferous ;  but  in  Britain  Conularia  has  not  occurred  in  the 
Devonian  series,  although  its  associate,  Bellerophon,  is  represented  by 
5  British  Devonian  forms,  2  occurring  in  the  Lower,  1  in  the 
^Middle,  and  1  in  the  Upper  Devonian.  Conularia  Sowerbyi  and 
Theca  Forbesii  both  pass  to  the  Upper  Ludlow. 

Heteropoda. — This  pelagic  order  is  well  represented  in  the  Wen- 
lock  beds  through  Ecculiomphalus  l<:evis  and  7  species  of  Bellerophon  ; 
but  no  species  is  confined  to  or  specifically  characteristic  of  the 
Wenlock  beds.  All  had  previously  occurred  either  in  the  Caradoc 
or  Llandovery  rocks.  Ecculiomphalus  Icevis,  Bellerophon  trilobatus, 
and  B.  carinatus  range  into  the  Upper  Ludlow  beds  ;  none  occurs  in 
the  Tarannon  Shale  ;  3  species  are  known  in  the  Denbighshire  Grits 
(Bellerophon  trilobatus,  B.  expansus,  and  B.  carinatus),  and  3  in  the 
Woolhope  beds  (B.  bilobatus,  B.  dilatatus,  and  B.  trilobatus).  In 
the  Wenlock  Limestone  we  know  of  4  species  of  Bellerophon  and 
Ecculiomphalus  Icevis.  B.  dilatatus  is  the  only  form  known  in 
Ireland ;  and  Scotland  yields  none.  The  3  species  passing  up  or 
ranging  into  the  Ludlow  series  are  Ecculiomphalus  Icevis,  Bellerophon 
trilobatus,  and  B.  subdecussatus ;  there  are  none  in  the  Aymestry 
Limestone. 

Cephaxopoda. — 5  genera  and  30  species  of  the  order  Tetra- 

branchiata,  illustrating  the  jN"autilida3  and  Orthoceratidee,  are  known 
in  the  Wenlock  rocks  :  all  but  3  species  are  represented  in  the  Wen- 
lock  Limestone  and  Shale  ;  these  3  are  Woolhope  species  (Actinoceras 
baccaturn,  H.  AToodw.,  Lituites  comu-arietis,  Sow.,  and  Orthoceras  coni- 
cum,  Sow.).    Actinoceras  baccaturn  is  essentially  a  Woolhope  species, 

n2 
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described  by  Dr.  H.  "Woodward,  and  the  only  one  known  from  the Woolhope  beds  of  Little  Hope.  Lituites  cornu-arietis.  Sow.,  and 
Orihoceras  conicum,  Sow.,  although  not  ranging  higher  than  the 
Woolhope  beds,  appeared  in  the  Llandovery,  and  help  to  connect 
the  Lower  Wenlock  with  the  Upper  and  Lower  Llandovery.  In 
the  Denbighshire  Grits  we  have  almost  unexpectedly  3  genera  and 
7  species,  only  2  of  which  are  of  Llandovery  age  (Orthoceras  tenui- 
cinctum,  Port!.,  and  0.  subgregarium,  M'Coy).  The  remaining  5 
species  pass  from  the  Denbighshire  rocks,  where  they  are  first  known, 
to  the  Upper  Wenlock  ;  they  are  0.  primcevum,  Forbes,  0.  tracheale, 
Sow.,  0.  ventricosum,  Phragmoceras  nautileum,  and  Cyrtoceras  ibex. 
26  of  the  30  species  occur  in  the  Wenlock  Limestone  and  Shale  ;  13 
range  through  South  Wales,  and  12  through  North  Wales,  7  belonging 
equally  to  North  and  South  Wales.  The  only  3  Irish  species  known 
are  Orthoceras  (Creseis)  primcevum,  Forbes,  0.  subundulatum,  Portl., 
and  0.  tenuicinctum,  Portl. ;  and  the  3  Scotch  forms  are  0.  Madareni, 
Salt.,  0.  subundulatum,  Portl.,  and  0.  tenuiGinctum,  P ortl.  11  species 
pass  to  the  Lower  Ludlow;  2  of  these,  and  the  only  2  known 
(Lituites  giganteus,  Sow.,  and  Orthoceras  angidatum,  Wahl.),  pass 
to  the  Aymestry  Limestone ;  and  3  genera  and  8  species  range  to  the 
Upper  Ludlow ;  thus  only  4  genera  and  9  species  out  of  the  30 
are  really  Llandovery,  or  these  9  species  come  up  from  the  Llan- 

dovery and  Caradoc. 
The  accompanying  Table  shows  the  numerical  history  of  the  14 

classes.  The  first  four  columns  illustrate  the  stratigraphical  distri- 
bution of  the  species  through  the  Tarannon  beds,  Denbighshire 

Grits,  Woolhope  beds,  WTenlock  Shales  and  Limestone,  indeed  all  the 
formations  above  the  Upper  Llandovery.  The  succeeding  five 
columns  show  the  geographical  distribution  of  the  species  through 
North  Wales,  South  Wales,  Westmoreland,  Scotland,  and  Ireland  ; 
and  to  show  still  further  the  connexion  between  the  Wenlock  and 
Ludlow  fauna,  I  have  stated  in  the  remaining  or  last  three  columns 
the  number  of  species  that  pass  to  the  three  divisions  of  the  Ludlow 
group,  in  which  it  will  be  seen  that  out  of  the  171  genera  and  536 
Wenlock  species,  71  genera  and  126  species  pass  to  the  Lower 
Ludlow,  38  genera  and  52  species  to  the  Aymestry,  and  51  genera 
and  87  species  to  the  Upper  Ludlow;  any  higher  transgression  from 
the  Ludlow  into  the  Devonian  is  given  under  the  Ludlow  table. 
There  are  only  20  species,  including  the  6  Fishes  from  the  passage- 
beds  and  the  8  species  of  Merostomata,  that  range  through  the 
Ludlow  series.  The  oldest  fish-remains  occur  in  the  Lower  Ludlow, 
Scaphasjois  ludensis,  Salt.,  being  the  oldest  species  known. 
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Ludlow. 

392  species,  representing  137  genera,  is,  as  nearly  as  can  be  ascer- 
tained, the  numerical  value  of  the  Ludlow  fauna.  No  true  Ludlow 

rocks  are  certainly  known  to  occur  in  North  "Wales,  excepting 
perhaps  in  a  small  part  of  Montgomeryshire,  south-east  of  Newtown. 
The  Ludlow  formation  is  zoologically  allied  to  the  Wenlock  through 
129  species.  The  chief  classes,  or  those  most  represented  numeri- 

cally, are  the  Actinozoa  with  12  genera  and  17  species,  the  Echino- 
dermata  with  12  genera  and  21  species,  the  Crustacea  with  29  genera 
and  97  species,  the  Brachiopoda  with  13  genera  and  48  species,  the 
Lamellibranchiata  with  17  genera  and  71  species,  the  Gasteropoda 
with  9  genera  and  33  species,  the  Cephalopoda  6  genera  and  37  species, 
and  lastly  the  Vertebrata,  which  first  appear  through  the  Pishes, 
represented  by  10  genera  and  14  species,  omitting  the  genus  OncJius, 

the  remains  of  which  may  be  "  telsons  "  or  tail-spines  of  Crus- 
tacea. The  comparatively  small  fauna  of  the  Aymestry  Lime- 

stone (53  genera  and  84  species)  is,  although  local,  a  remarkable 
one,  and  clearly  shows  the  nature  of  the  sea-bed  and  sedimentary 
material  in  relation  to  the  habits  of  life  of  the  species  represented. 
Mostly  it  is  a  recurrent  fauna  from  the  Wenloek,  57  species  being 
common  to  the  two,  these  57  representing  38  genera,  clearly  showing 
the  rarity  and  paucity  of  species  illustrating  the  genera,  and  the 
lenticular  or  accidental  nature  of  the  Aymestry  Limestone  between 
the  Lower  and  Upper  Ludlow  beds.  The  classes  that  appear  to  be 
most  fully  represented  are  the  Ccelenterata  (Actinozoa),  the  Crusta- 

cea, Brachiopoda,  Gasteropoda,  and  Cephalopoda.  No  fish-remains 
are  known,  although  the  two  Ludlow  series  contain  them  *.  The 
feeble  representation  of  the  Ludlow  rocks  in  North  Wales,  as  before 
stated  (only  19  species),  by  comparison  with  Westmoreland  (127) 
calls  for  critical  examination  into  the  physical  rather  than  the  palae- 
ontological  aspect  of  the  question ;  and  this  is  still  more  prominently 
seen  through  the  still  larger  fauna  in  South  Wales  and  Shropshire, 
the  former  yielding  163  species,  the  latter  187 ;  and  further  through 
the  intermediate  areas  termed  Herefordshire  (where  114  species  are 
known)  and  Worcestershire  (121).  Could  we  but  see  and  examine 
the  continuity  of  the  old  Wenlock  and  Ludlow  sea-bed  and  its 
deposits  between  Denbighshire,  Westmoreland,  and  the  south  of 

Scotland,  now  under  the  St.-George's  Channel  (or  denuded  away), we  should  doubtless  find  traces  of  the  Lower  Wenlock  and  Ludlow 
rocks,  uniting  the  two  now  disunited  areas.  We  cannot  doubt  that 
this  continuity  once  existed,  though  probably  the  rocks  of  the  two 
areas  were  deposited  under  very  different  and  local  conditions. 
Petrologically  they  essentially  differ  ;  but  palseontologically  or  speci- 

fically in  certain  groups  the  agreement  is  close  and  decisive,  omit- 
ting the  largely  represented  Annulose  or  Crustacean  orders  Meros- 

*  Mr.  Salter  included  the  Aymestry  Limestone  with  the  Lower  Ludlow,  as 
being  a  calcareous  condition  of  it.  Mr.  Lightbody  was  always  impressed  with 
the  fact  that  the  calcareous  nature  of  the  beds  above  the  Aymestry  Limestone 
influenced  the  fobsils  to  a  marked  degree. 
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tomata  and  Phyllopoda  in  the  Ludlow  rocks  (45  species),  which 
stand  alone  as  a  peculiar  and  local  group ;  their  presence  there- 

fore need  not  enter  into  the  calculation  *.  The  great  extension  of 
the  Weulock  promontory  to  Welliugtou,  running  parallel  to  the 
Dudley  beds,  and  the  overlap  and  cover  of  the  Triassic  rocks  to  the 
north  on  to  the  Mersey,  Liverpool  Bay,  Lancaster  and  Morecambe 
Bays,  go  far  to  lead  us  to  believe  that  the  missing  evidence  of 
the  agreement  between  the  Ludlow  of  the  two  areas  of  Wales  and 
Westmoreland,  as  well  as  the  unsatisfactory  correlation  of  the  Den- 

bighshire Grits  and  Tarannon  Shales  with  the  rocks  of  the  Lake 
country,  can  be  accounted  for ;  for  it  must  be  admitted  that  much  has 
yet  to  be  done  with  these  Lower  Wenlock  rocks  of  Denbighshire, 
Westmoreland,  &c.  The  Kendal  group  (or  the  Ludlow  rocks)  and 
the  Ireleth  Slates,  which  are  the  equivalents  of  the  Wenlock  of  the 
south,  can  certainly  be  correlated  palaBontologically,  dissimilar  as  they 
appear  physically.  The  Scotch  uppermost  Silurians  are  exhibited 
only  in  three  localities ;  to  the  south  of  Kirkcudbright  and  in  the 
Pentland  Hills  both  the  Wenlock  and  Ludlow  groups  occur.  The 
American  series  termed  the  Lower  Helderberg  group  are  the  true 
equivalents  of  our  Lower  and  Upper  Ludlow,  and  contain  a  number 
of  species  in  common.  The  exact  equivalent  of  the  Oriskany  Sand- 

stones may  be  our  lowest  Devonian.  In  North  America  their  place 
is  either  at  the  top  of  the  Upper  Ludlow  or  between  that  and  the 
lowest  Devonian  rocks,  or  "  Corniferous  beds"  of  the  American 
geologists.  I  now  attempt  to  analyze  the  extensive  fauna  of  the 
Ludlow  group,  accepting  the  triple  division  unconditionally ;  or,  in 
other  words,  retaining  the  Aymestry  Limestone  as  a  distinct  subfor- 
mation,  not  attached  either  to  the  Lower  or  the  Upper  Ludlow ;  its 
accidental  position  carries  with  it  certain  fossils  having  an  important 
bearing  upon  physical  geology. 

Plantje. — For  the  first  time  above  the  Wenlock  we  meet  with  what 
may  be  termed  plants  proper ;  yet  the  two  genera  Chondrites  and 
Fucoides  are  doubtful.  5  genera  and  5  species  are  known ;  4 
species  occur  in  the  Upper  Ludlow,  and  3  of  the  same  in  the 
passage-beds  between  the  Upper  Ludlow  and  Lower  Old  Red  Sand- 

stone ;  none  are  known  in  the  Lower  Ludlow  or  the  Aymestry  beds  ; 
nowhere  in  the  Ludlow  of  either  South  or  North  Wales,  Westmore- 

land, or  Ireland  are  plant-remains  known.  Actinophyllum  plicatum 
occurs  in  Shropshire  and  Herefordshire  ;  Chondrites  verisimilis  is  an 
Upper  Ludlow  form  in  Scotland.  The  seed-like  bodies  of  doubtful 
affinities  (Pachytheca  sphcerica)  occur  in  the  tilestones  and  bone-bed 
of  the  uppermost  Ludlow  of  Shropshire,  Worcestershire,  and  Here- 

fordshire. Actinophyllum  and  Pachytheca  here  first  occur,  and  do 
not  pass  to  the  higher  formations.  The  passage-beds  contain  Acti- 

nophyllum plicatum,  Chondrites  verisimilis,  Pachytheca  sphoerica, 
and  Pachy sporangium  pilida.  15  species  of  Crustacea,  19  species 
of  Lamellibranchiata,  6  species  of  Gasteropoda,  4  species  of  Hetero- 
poda,  and  6  species  of  Pish,  or  nearly  70  species,  illustrate  10  classes 

*  Phyllopoda  (Ceratiocaris  14  species),  Merostomata  (Eurypterus  10 species, 
Hemiaspis  6,  Pterygotus  9,  Slimonia  3,  and  Stylonurus  3). 
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in  this  borderland  between  the  Upper  Ludlow  and  the  Old  Red 
Sandstone. 

Protozoa. — A  series  of  sponges  (Calcispongise)  numbering  7  genera 
and  10  species  occur  in  the  Ludlow  rocks,  3  of  which  are  also 
Wenlock.  6  genera  and  8  of  the  species  belong  to  the  Upper 
Ludlow ;  Amphispongia,  Favospongia,  and  Tetragonis  are  new 
forms,  and  appear  for  the  first  time,  and,  with  Favospongia  Buthveni, 
Isehadites  Kosnigi,  and  4  species  of  iSpongarium,  die  out  in  the 
Upper  Ludlow.  3  genera  and  5  of  the  species  occur  in  the  Ludlow 
beds  of  Westmoreland ;  they  are  Favospongia  Buthveni,  Spongarium 
mquistriatum,  S.  interUneatum,  S.  inter ruptum,  and  Tetragonis  Danbyi. 
The  conformable  Old  Eed  Sandstone  in  the  Ludlow  area,  or  anywhere 
along  the  extended  strike  and  junction  of  the  two  formations,  con- 

tains nothing  in  common  with  the  Upper  Ludlow  save  a  few  fish 
and  crustacean  remains,  all  ceasing  with  the  Downton  beds  and 
tilestones.  The  Eurypterids  (Stylonwus  megalops  and  Eurypterus 
pygmceus)  pass  to  the  lower  beds  of  the  Old  Red  Sandstone ;  but 
through  all  the  Old  Red  of  South  Wales  (or  the  Silurian  area)  or 
Gloucestershire  or  Somersetshire,  from  its  base  to  its  junction  with 
the  Lower  Carboniferous,  nothing  has  occurred  save  fragments  of 
Cephalaspis  and  Holoptychius,  no  other  class  in  the  animal  kingdom 
being  represented. 

Hydrozoa. — Only  1  genus  and  8  species  of  this  class  seem  left  to 
bring  to  a  close  the  history  of  the  Graptolite  group  of  the  Hydrozoa. 
Monograptus  has  8  species,  which  are  all  Lower  Ludlow  and  occur 
in  the  Ludlow  area.  In  no  region  of  the  globe  where  the  Silurian 
rocks  have  been  deposited  have  any  species  of  this  class  trans- 

gressed or  passed  into  higher  formations.  About  210  species  belong- 
ing to  30  genera  have  lived  during  the  Silurian  epoch,  ranging  from 

the  Arenig  with  42  species,  the  Llandeilo  44,  Caradoc  38,  Lower 
Llandovery  50,  Upper  Llandovery  12,  Wenlock  23,  to  the  Ludlow 
with  8,  their  maximum  development  being  at  the  commencement 
of  the  Lower  Silurian  of  certain  systematists.  They  came  into 
existence  with  unexampled  prodigality  and  suddenness,  but  gradu- 

ally died  out  as  conditions  grew  less  and  less  favourable  for  their 
sustenance  and  development.  America,  Bohemia,  Scandinavia, 
Australia,  and  Britain  have  all  largely  possessed  the  same  hydrozoal 
fauna,  illustrating  the  same  or  similar  deposits.  Whether  homo- 
taxially  or  not,  most  of  the  same  genera  have  occurred  in  rocks 
of  the  same  age  as  those  of  the  British  Islands,  and  always  under 
the  same  physical  conditions.  The  labours  and  researches  of  Hall, 
Barrande,  Geinitz,  Linnarsson,  Nicholson,  Lapworth,  Hopkinson, 
Carruthers,  and  M'Coy  in  this  field  of  zoological  history  will  ever 
reflect  honour  on  their  memory.  To  Mr.  Lapworth  graptologists 
owe  much  ;  no  other  author  has  given  such  attention  to  the  Rhab- 
dophora,  whether  we  regard  his  specific  work  or  that  devoted  to 
their  history  and  geological  distribution  through  time,  and  his  phi- 

losophical views  relative  to  their  affinities,  structure,  and  systematic 
classification. 

Actixozoa. — Not  a  single  species  out  of  the  17  occurring  in  the 
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Ludlow  beds  strictly  belongs  to  them  or  is  confined  to  the  Ludlow  ; 
all  have  previously  occurred  in  the  Wenloek.  17  species  are  Lower 
Ludlow;  8  of  the  same  occur  in  the  Aymestry  Limestone,  and 
7  in  the  Upper  Ludlow,  chiefly  the  Favosites  (5  species)  :  13  species 
occur  in  Shropshire,  6  in  Westmoreland,  and  12  in  Worcestershire. 
Monticulipora  papillata  is  the  only  Scotch  species  known.  6  species 
occur  in  Ireland  (Favosites  asper,  F.  cristatus,  F.  Jibrosus,  Alveolites 
LabecMi,  Cyathopkyllum  truncatum,  and  Monticulipora  papillata)  ; 
only  1  species  is  known  in  North  Wales  (Heliolites  tubulatus)  ;  and 
6  genera  and  9  species  in  South  Wales.  The  accompanying  Table, 
showing  their  geographical  distribution,  will  be  clearer  than  descrip- 

tion, where  the  species  are  so  irregularly  distributed. 
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E  chin  0  derm  at  a  . — This  group  in  the  Ludlow  comprises  12  genera 
and  21  species.  There  are  3  genera  and  4  species  of  Crinoidea 
(Actinocrinus  pulcher,  Iclithyocrinus  pyriformis,  I.  JSP  Coy  anus,  and 
Taxocrinus  oV  Orbignyi).  Of  the  remaining  17  species  4  are  Cys- 
tideans  (Eehinocystites  pomum,  E.  uva,  Pseudocrinites  magnijims, 
and  P.  quadrifasciatus),  all  Lower  Ludlow;  and  13  Asteroidea. 
2  species  of  Palceaster  (P.  Ruthveni  and  P.  liirudo)  and  Palce- 
asterina  primceva,  with  Protaster  SedgwicMi,  occur  in  the  Upper 
Ludlow  of  Kendal,  Westmoreland.  4  Palceocomce  (P.  Colvini,  P. 
cygnipes,  P.  Marstoni,  P.  vermiformis)  are  all  Lower  Ludlow  from 
the  Leintwardine  beds  near  Ludlow.  Palceodiscus  ferox,  Protaster 
leptosoma,  P.  Miltoni,  and  P.  JSedgivicJcii  are  from  the  same  horizon 
and  locality,  as  well  as  Wwphalocoma  pyrotechnica — Shropshire  thus 
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yielding  8  species  of  Lower  Ludlow  starfishes  and  Westmoreland 
4  Upper  Ludlow.  The  Lower  Ludlow  Echinodermata  therefore 
number  11  genera  and  19  species,  the  Upper  Ludlow  6  genera  and 
7  species.  None  occur  in  Herefordshire,  Scotland,  or  Ireland.  4 
genera  and  7  species  (3  Crinoidea,  1  Cystidean,  and  3  Asteroidea) 
came  from  the  Wenlock  beds.  In  the  Ludlow  promontory  and  all 
along  the  line  that  marks  the  junction  of  the  Old  Eed  Sandstone 
with  the  Upper  Ludlow  all  Silurian  life  ceased.  The  slow  elevation 
of  that  region  caused  the  Silurian  Annuloid  fauna  to  dwindle  and 
pass  away  almost  entirely.  No  vestige  of  it  again  appeared  in  the 
true  Old  Eed  area  anywhere ;  and  the  want  of  evidence  to  show 
what  rocks  may  be  below  the  Lower  Devonian  of  the  Devonshire 
and  Somersetshire  areas  leaves  the  question  of  stratigraphical  or 
zoological  continuity  one  of  doubt  and  in  the  region  of  the  unknown. 
Ireland  or  North  Devon  may  yet  solve  the  problem,  for  it  is  here 
we  should  expect  it.  The  new  Ludlow  genera  were  Echinocystites, 
Palceasterina,  and  Tetragonis,  none  of  which  leaves  any  successors 
behind,  none  being  known  either  in  the  Devonian  or  Carboniferous 
rocks. 

Annelida. — The  Annelida  are  a  singular  group  in  the  Ludlow 
rocks ;  9  genera  and  17  species  have  been  obtained  from  the  several 
horizons  (4),  and  their  geographical  distribution  is  wide  also.  15 
species  occur  in  the  Upper  Ludlow;  the  characteristic  Comulites 
serpularius  is  the  most  abundant,  occurring  at  all  4  horizons,  and 
in  all  localities  except  Shropshire  and  Ireland.  The  Lower  Ludlow 
has  yielded  Comulites  serpularius,  Serpulites  dispar,  S.  longissimus, 
Spirorhis  Lewisii,  and  Tr  achy  derma  squamosa.  The  Aymestry  Lime- 

stone contains  4  species,  all  of  which  are  also  in  the  Lower  Ludlow. 
4  of  the  17  species  are  also  Wenlock.  3  species  of  ̂ Enonites  and 
3  species  of  Arabellites,  belonging  to  the  order  Polyehseta,  are 
determined  from  jaw-remains  by  Mr.  G.  J.  Hinde*;  they  are  Upper 
Ludlow,  and  help  to  swell  the  Annelide  fauna.  3  species  of  the 
order  Tubicola  occur  in  the  Passage-beds.  9  species  range  through 
South  Wales,  North  Wales  has  4,  Westmoreland  6,  Shropshire  5, 
Worcestershire  7,  Herefordshire  4,  and  Scotland  3  ;  but  none,  so  far 
as  I  can  ascertain,  occur  in  Ireland. 

Cetjstacea. — The  two  great  orders  of  the  class  Crustacea  in  the 
Ludlow  rocks  are  the  Merostomata  and  the  Phyllopoda.  Of  the 
former  we  know  32  species — Eurypterus  10,  Pterygotus  9,  Himan- 
topterus  1,  Slimona  3,  Stylonurus  3,  and  Hemiaspis  6.  Of  the 
latter,  through  Ceratiocaris  and  Dietyocaris,  we  have  16  species  ;  and 
there  are  possibly  one  Amphipod  {Necrogammarus  Sahueyi)  and  a 
Poecilopod  {Neolimulus  falcatus,  Woodw.).  These  32  species  of 
Merostomata  and  Poecilopoda  swell  up  the  Crustacean  fauna  at  the 
expense  of  the  Trilobita,  which  number  only  10  genera  and  20 
species,  2  genera  only  of  the  10  (Homalonotus  and  Phaeops)  passing 
to  or  occurring  in  the  Devonian  rocks.     The  Ostracoda  number 
5  genera  and  only  13  species.  The  Crustacean  remains  termed  Asta- 
coderma  by  Dr.  Harley,  number  14  so-called  species ;  all  are  in  the 

*  Quart.  Journ.  Greol.  Soc.  vol.  xxxvi.  pp.  368-376. 
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Lower  Ludlow.  The  whole  Crustacean  fauna,  therefore,  of  the 
Ludlow  rocks  is  29  genera  and  97  species.  The  Lower  Ludlow 
contains  18  genera  and  47  species,  the  Aymestry  Limestone  9  genera 
and  12  species,  and  the  Upper  Ludlow  23  genera  and  71  species. 
The  Passage-beds  into  the  Old  Eed  Sandstone  have  yielded  9  genera 
and  15  species,  4 being  Ostracoda,  1  Phyllopod  (Ceratiocaris  decorus), 
and  10  Merostomata  (Eurypteridse).  No  Trilobite  occurs  in  the 
Passage-beds.  This  Passage-bed  Crustacean  fauna  is  what  we 
should  have  anticipated  ;  the  Brachiopoda  and  Mollusca  proper  show 
the  same  indications  of  a  change  from  a  deeper  to  a  shallow  coast- 

line, and  a  fauna  struggling  to  maintain  life  against  new  and  adverse 
conditions.  Shropshire  through  the  Ludlow  area  possesses  18  genera 
and  46  species,  Worcestershire  17  genera  and  25  species,  Hereford- 

shire 14  genera  and  26  species,  Westmoreland  8  genera  and  15 
species.  Scotland,  chiefly  through  the  Phyllopoda  and  Merosto- 

mata, has  12  genera  and  22  species.  Ireland  only  possesses  2 
(Calymene  Blumenbachii  and  Phacops  caudatus).  This  deficiency  of 
the  Crustacea  in  Ireland,  as  indeed  of  all  the  classes  except  the 
Brachiopoda,  bears  out  the  fact  of  the  smallness  of  the  Ludlow 
fauna  in  Ireland.  I  am  obliged  to  carefully  detail  the  number  of 
genera  and  species  that  range  through  and  enter  into  the  distri- 

bution of  the  Crustacean  fauna  on  account  of  its  peculiarities. 
13  new  genera  made  their  appearance  during  the  Ludlow  period. 
4  Ostracoda,  Cypridina,  Entomis,  Kirkbya,  and  Moorea  ;  4  Merosto- 

mata (Eurypterida),  Himantopterus,  Slimonia,  Stylomtrus,  and 
ParJca  ;  Xiphosura  1,  NeolimuLus ;  Phyllopoda  1,  Dictyocaris  ;  Am- 
phipoda  1  ?,  Necrogammarus  ;  Crustacean  remains,  Astacoderma  (14 
species).  3  genera  (Stylonurus,  Cypridina,  and  ParJca)  occur  in 
the  Old  Red  Sandstone,  but  not  in  connected  areas.  16  genera  and 
26  species  are  common  to  the  Wenlock  and  whole  of  the  Ludlow,  thus 
reducing  the  true  Ludlow  Crustacean  fauna  to  71  species  instead  of  97. 

Beyozoa. — Heteropora  crassa,  Ceriopora  sulcata,  and  Ptilodictya 
lanceolate,  are  the  only  3  Ludlow  Bryozoa.  The  first  and  last  are 
Wenlock  also.  They  occur  in  the  Lower  Ludlow  and  Aymestry 
Limestone  of  Worcestershire  and  Shropshire.  Ceriopora  sulcata 
occurs  in  the  Ludlow  of  Ireland.  No  species  occurs  in  the  Upper 
Ludlow  or  Passage-beds,  either  in  South  or  North  Wales,  West- 

moreland, or  Scotland.  The  nature  of  the  Ludlow  shales  and  mud- 
stones  doubtless  was  the  cause  why  the  Actinozoa,  Hydrozoa,  Echi- 
nodermata  (Crinoidea  &c),  and  Bryozoa,  all  mostly  dwellers  in  clear 
water,  are  so  sparingly  developed  and  distributed  through  the  Ludlow 
rocks,  the  Aymestry  Limestone  being  of  little  palaeontological  value 
owing  to  its  lenticular  disposition,  mode  of  occurrence,  and  uncertain 
continuity. 

Beachiopoda. — Although  by  no  means  a  small  fauna,  the  Ludlow 
Brachiopoda  numbering  only  48  species  and  13  genera  are  less 
than  half  as  numerous  as  those  of  the  underlying  Wenlock  rocks. 
41  of  these  48  had  lived  in  the  Wenlock  seas  and  passed  to  the 
Ludlow  ;  therefore  only  7  species  are  Ludlow  proper ;  and  only  3 
species  passed  to  the  Devonian — Atrypa  reticularis,  iStrophomena 
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rhomboidalis,  and  Lingula  cornea.  The  last  named  in  the  Ludlow 
country  passes  into  the  lowest  beds  of  the  Old  Red  Sandstone.  The 
others  named  are  "  Devonian  "  of  the  Worth  and  South  Devonshire 
areas,  and  not  known  in  the  Old  Red  proper.  In  the  Passage-beds 
into  the  Old  Red  of  Herefordshire,  Shropshire,  and  Worcestershire 
some  5  or  6  species  occur ;  they  are  Chonetes  striatellus  (latus),  Dis- 

tinct rugata,  Lingula  cornea,  Lingula  minima,  and  Strophomena 
rhomboidalis.  They  are  associated  in  places  with  a  few  Asiphonida 
of  shallow-water  habits,  Pterincea,  Modiolopsis,  Ortlionota,  &c.  The 
Lower  Ludlow  has  yielded  13  genera  and  38  species,  33  of  which 
are  Wenlock.  12  genera  and  25  species  occur  in  the  Aymestry 
Limestone,  and  11  genera  and  24  species  in  the  Upper  Ludlow ;  but 
no  genus  is  peculiar  to  either  the  Aymestry  or  Upper  Ludlow  beds, 
the  whole  being  represented  in  the  Lower  zone. 

The  only  species  in  the  Ludlow  not  Wenlock  are  Lingula  cornea, 
L.  lata,  Orthis  canaliculata,  O.lunata,  Rhynclwnella  pentlandica,  and 
Strophomena  ornatella.  In  other  words,  only  these  6  species  of 
Brachiopoda  are  really  Ludlow  forms.  Wo  species  is  known  in 
Worth  Wales,  but  28  have  been  collected  in  South  Wales.  Here- 

fordshire, Worcestershire,  Shropshire,  and  Scotland  have  each  yielded 
11  genera,  and  respectively  23,  27,  30,  and  15  species ;  Westmore- 

land has  8  genera  and  14  species  ;  Ireland  9  genera  and  18  species. 
Lamellibranchiata. — Both  the  Lower  and  Upper  Ludlow  pos- 

sess a  large  Molluscan  fauna  ;  the  Lower  14  genera  and  34  species, 
and  the  Upper  15  genera  and  56  species  ;  the  intermediate  Ay- 

mestry Limestone  only  4  genera  and  7  species — Pterincea  Mans, 
P.  retrojiecca,  P.  Sowerbyi,  Cardiola  striata,  Grammysia  cingulata, 
Ortlionota  rotundata,  and  0.  semisidcata.  The  chief  genera  are  Pte- 

rincea with  12  species,  Anodontopsis  7,  Ortlionota  16,  Modiolopsis  5, 
Ctenodonta  4,  Cucullcea  4,  and  Grammysia  4  species.  The  Passage- 
beds  contain  9  genera  and  19  species,  yet  no  single  species  occurs  in 
the  Lower  Old  Red  Sandstone  ;  with  the  change  of  lithological 
characters  all  life  seems  to  cease  also,  or  no  record  is  left.  For  the 
life-history  of  those  rocks,  equivalent  in  time  to  those  of  the  Old  Red 
Sandstone  in  the  classical  Silurian  area,  we  have  to  consult  the  De- 

vonian series  of  North  and  South  Devon  and  Cornwall,  where  a 
fauna  unsurpassed  in  perfection,  if  not  in  magnitude,  in  all  the  in- 

vertebrate classes  exists — a  group  made  famous  in  British  geological 
history  through  the  labours  and  researches  of  Sedgwick,  Murchison, 
De  La  Beche,  and  Phillips.  Westmoreland  and  Cumberland,  through 
the  researches  of  Sedgwick  and  M'Coy,  Harkness  and  Nicholson,  in 
the  Kendal  area,  exhibit  a  large  Ludlow  Lamellibranchiate  fauna  ; 
12  genera  and  37  species  are  known.  Shropshire  has  9  genera  and 
16  species,  Worcestershire  8  genera  and  17  species,  Herefordshire  6 
genera  and  12  species,  Scotland  6  genera  and  13  species,  and  Ireland 
only  2  genera  and  3  species.  North  Wales  hitherto  has  yielded  only 
1  genus  and  4  species  ;  13  genera  and  21  species  ranged  from  the 
Wenlock  into  the  Ludlow,  thus  altering  the  numerical  value  of  the 
Ludlow  bivalves  proper  to  50  species,  none  of  which  passed  the 
Passage-beds  between  the  Upper  Ludlow  and  Old  Red  Sandstone. 



ANNIVERSARY  ADDRESS  0E  THE  PRESIDENT. 

177 

Extensive  patches  of  Upper  Silurian  rocks  on  the  eastern  side  of  the 
Silurian  area  and  border  of  the  Old  fled,  such  as  Woolhope,  Usk, 
the  long  strike  of  the  Malverns  on  to  May  Hill,  thence  across  the 
Severn  at  Purton  Passage  to  Tortworth,  indicate  great  physical 
changes  in  the  borderland  between  the  fossiliferous  Upper  Silurian 
and  the  unfossiliferous  Old  Ked ;  and  whatever  change  brought  in 
the  marine  Devonian  of  North  Devon,  south  of  the  Mendip  axis  and 
on  the  same  strike,  and  all  the  South-Wales  Old  Eed  beneath  the 
South-Wales  coal-field  to  the  Bristol  Channel,  certainly  must  ac- 

count for  the  loss  of  all  the  Ludlow  species  ;  that  the  Devonian  area 
was  one  of  long  and  continuous  depression  south  of  the  latitude  of 
the  Mendips  there  cannot  be  any  doubt,  and  probably  the  mass  of 
Old  Red  Sandstone  occupying  Caermarthenshire,  Monmouthshire, 
Breconshire,  Herefordshire,  and  Worcestershire  was  being  at  the 
same  time  slowly  elevated. 

Gasteropoda. — 9  genera  (six  of  which  had  appeared  in  the 
Wenlock)  and  33  species,  11  of  which  were  also  Wenlock,  range 
through  the  Ludlow  rocks ;  the  Lower  Ludlow  has  yielded  8  genera 
and  15  species,  the  Aymestry  Limestone  5  genera  and  11  species, 
and  the  Upper  Ludlow  9  genera  and  21  species.  3  genera  and 
6  species  occur  in  the  Passage-beds  into  the  Old  Red  Sandstone  ; 
they  are  Holopella  conica,  II.  gr  eg  aria,  Hoi  op  a' a  ohsoleta,  Mur- 
chisonia  torquata,  Platyschisma  helicites,  and  P.  Williamsi.  They, 
however,  cease  here,  none  living  into  the  red  beds  of  the  Old  Red 
Sandstone.  North  Wales  has  yielded  only  2  species,  Holopella 
gracilior  and  H.  gregaria  ;  Scotland  only  4  species,  Acroculia  anti- 

quated Euomphalus funatus,  Platyschisma  simulans,  and  P.  helicites; 
Ireland  has  only  registered  1  species,  Euomphalus  alatus  ;  Here- 

fordshire 7  genera  and  11  species,  Worcestershire  6  genera  and  9 
species,  Shropshire  7  genera  and  14  species,  and  Westmoreland  6 
genera  and  14  species.  6  genera  and  13  of  the  33  species  come  up 
from  the  Wenlock  and  range  through  the  Ludlow  rocks  ;  they  are 
Acroculia,  haliolis,  Cyclonema  corallii,  G.  octavia,  Euomphalus  alatus, 
E.  carinatus,  E.  funatus,  E.  rugosus,  Holopella  gracilior,  H.  ohsoleta, 
Looconema  elegans,  L.sinuosa,  Murchisoma  Lloydii,  and  M.  articulata. 
9  species  only  are  Lower  Ludlow.  All  become  extinct  in  the  Tile- 
stones  and  Passage-beds. 

Pteropoda. — Conularia  subtilis  and  C.  Sowerbyi,  with  Theca 
Forbesii,  are  all  the  species  (3)  illustrating  this  pelagic  group.  The 
two  last  named  are  Upper  Ludlow.  Neither  the  Aymestry  Lime- 

stone, Passage-beds,  North  Wales,  or  Worcestershire  yield  either 
species,  nor  do  we  know  of  any  species  in  Ireland.  C.  Sowerbyi 
occurs  in  Scotland ;  all  3  species  in  Westmoreland  and  2  (Theca 
Forbesii  and  Conularia  Sowerbyi)  in  Shropshire.  These  last  are  also 
Wenlock  species. 

Heteropoda. — Bellerophon  (6  species)  and  Ecculiomphalus  Icevis 
constitute  the  Ludlow  stock  of  Heteropoda.  Ecculiomphalus  Icevis, 
Bellerophon  expansus  and  B.  dilatatus  occur  both  in  the  Lower  and 
Upper  Ludlow.  B.  Murchisoni,  B.  obtectus,  and  B.  trilobatus  are 
Upper  Ludlow  only  ;  4  species  occur  in  the  Passage-beds,  B.  cari- 
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natus,  B.  ewpansus,  B.  Murchisoni,  and  B.  trilobatus ;  6  species 
occur  in  the  Upper  Ludlow  of  Westmoreland ;  Shropshire  and 
Worcestershire  possess  3  of  the  same  species.  None  are  known  in  the 
Ludlow  rocks  of  North  Wales,  Herefordshire,  Scotland,  or  Ireland. 
B.  carinatus,  B.  trilobatus,  and  B.  dilatatus  are  also  Wenlock  species. 

Cephalopoda. — No  less  than  24  species  of  Orthoceratites,  6  species 
of  Phragmoceras,  and  3  of  Lituites,  with  other  forms,  make  up  the  6 
genera  and  37  species  known  in  the  Ludlow.  Ascoceras  Barrandii 
constitutes  a  new  generic  type.  The  Lower  Ludlow  has  yielded 
4  genera,  Lituites  (3  species),  Orthoceras  (15  species),  Phragmo- 

ceras (6  species),  and  Eocosiphonitcs  (2  species). 
The  Aymestry  Limestone  has  yielded  3  genera  and  6  species — 

Lituites  giganteus,  Orthoceras  4  species,  and  Phragmoceras  ventricosum. 
The  Upper  Ludlow  5  genera  and  22  species — Ascoceras  Barrandii, 
Lituites  giganteus,  Orthoceras  17  species,  Phragmoceras  nautileum, 
and  Tretoceras  semipartitum. 

In  the  Passage-beds  we  have  noted  Orthoceras  bullatum  and  Tre- 
toceras semipartitum.  16  species  of  the  genus  Orthoceras  occur  in 

Westmoreland,  mostly  Upper  Ludlow,  and  no  other  genus  has  yet 
occurred  there.  Shropshire  possesses  4  genera  and  22  species,  em- 

bracing most  of  the  species  in  the  Upper  and  Lower  Ludlow  divisions  ; 
Herefordshire  5  genera  and  21  species,  Ascoceras  Barrandii,  Lituites 
3  species,  Orthoceras  11,  Phragmoceras  3,  Exosiphonites2.  Worces- 

tershire has  10  species.  Orthoceras  Maclareni  and  0.  subgregarium 
are  the  only  Scotch  forms  known  ;  and  0.  subgregarium  is  the  only 
Irish  species.  11  species  come  from  the  Wenlock  rocks  to  the  Lower 
Ludlow,  but  16  Wenlock  species  range  through  the  Ludlow  group ; 
Ascoceras  is  the  only  new  genus  ;  and  none  ranged  above  into  either 
Old  Red  Sandstone,  Devonian,  or  Carboniferous  rocks. 

Pisces. — No  Vertebrata  have  yet  been  discovered  in  earlier  rocks 
than  the  Lower  Ludlow.  Scaphaspis  {Pteraspis)  ludensis,  Salt., 
is  the  first  fish  known,  and  the  only  species  in  the  Lower  Ludlow ; 
none  have  yet  been  detected  in  the  Aymestry  Limestone,  but  every 
known  Ludlow  form  occurs  in  the  Upper  Ludlow,  and  five  of  them 
in  the  Passage-  or  junction-beds,  through  which  about  20  species  of 
the  Silurian  fauna  pass  to  the  Lower  Old  Ked  Sandstone,  7  of  which 
are  Crustacea  (Merostomata),  6  Fishes,  and  2  Cephalopoda,  &c. 

The  Crustacea  common  to  the  Ludlow  and  Old  Red,  and  all  be- 
longing to  one  order,  are  Eurypterus  abbreviatus,  E.  acuminatus,  and 

E.  pygmceus,  Pterygotus  problematicus,  Stylonurus  Powriei,  JS.  me- 
galops,  and  Parka  decipiens.  The  fishes  that  connect  the  two  for- 

mations, but  only  in  the  Silurian  area  along  the  frontier  of  the  Old 
E,ed,  are  Auchenaspis  Salteri,  Cephalaspis  Murchisoni,  O.  ornatus, 
Pteraspis  Banksii,  Scaphaspis  ludensis,  and  Eukeraspis  pustuliferus. 
All  belong  to  the  Ganoidei. 

Devonian. 

Plants. — We  have  no  clue  as  to  the  region  in  which  the 
Devonian  Plants  first  appeared ;  and  yet  small  as  is  the  flora  of 
the  British  Devonian  as  compared  with  that  of  North  America  it 
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shadowed  forth  the  prolific  flora  of  the  Carboniferous  epoch,  which 
in  the  British  Islands  numbers  82  genera  and  330  species ;  but  the 
Devonian,  which  preceded  it,  has,  up  to  the  present  time,  yielded 
only  12  genera  and  18  species.  In  America,  however,  about  95 
genera  and  160  species  have  been  described  through  the  researches 
of  Dr.  Dawson,  Lesquereux,  Yanuxem,  Hall,  Hartt,  &c,  especially 
the  first-named  author,  who  has  devoted  a  long  life  to  the  eluci- 

dation of  the  Devonian  and  Carboniferous  flora  of  the  American 
region.  7  of  the  12  British  Devonian  genera  occur  in  America, 
viz.  Catamites,  Lepidodendron,  Psilopliyton,  Sagenaria,  Splieno- 
pteris,  Stigmaria,  and  Trichomanites ;  but  our  ill-preserved  speci- 

mens scarcely  admit  of  specific  determination,  in  fact  even  their 
affinities  are  often  difficult  to  make  out ;  and  the  poverty  of  our 
flora  is  clearly  seen  from  the  few  species  (18)  occurring  to  illustrate 
the  12  genera.  On  such  slender  evidence  it  is  difficult  to  conceive 
from  what  area  our  Devonian  and  Old  Eed  Sandstone  flora  was 
derived ;  whether  migration  took  place  from  Central  Europe  or 
America.  The  facies  appears  to  be  American  rather  than  European, 
this  being  the  case  with  the  Scotch  and  Irish  floras,  especially 
through  Psilopliyton,  Palceopteris,  and  Sagenaria. 

The  Lower  Devonian  (Lower  Old  Eed)  has  yielded  2  species, 
Lepidodendron  nothwn,  Unger,  and  Psilopliyton  Declienianum,  Carr., 
with  coniferous  remains  from  Caithness  and  Wick  in  Scotland.  The 
Middle  Old  Eed  contains  Caulopteris  Peachii,  Salt.  (  =  ?  Psilopliyton 
robustus,  Dawson),  and  the  two  mentioned  as  occurring  in  the  Lower 
beds.  The  Upper  Old  Eed  species  (12)  approach  closely  to  the  Car- 

boniferous. 7  genera  and  12  species  range  through  the  Upper  divi- 
sion— Adiantites  1  species,  Galamites  1,  Filiates  1,  Sagenaria  5, 

Sphenopteris  2,  Trichomanites  1,  and  Knorria  1.  Thus  only  18 
species  occur  in  the  widely  extended  and  thickly  developed  deposits 
of  the  Old  Eed  of  Scotland,  the  Silurian  Old  Eed,  and  the  rocks 
of  the  Irish  area. 

Protozoa. — Scyphia  turbinata,  Sphcerospongia  tessellata,  and  5 
species  of  Stromatopora  all  occur  in  the  Middle  Devonian ;  Cauno- 

pora,  Phillips,  Sparsispongia,  D'Orb.,  and  Coscinopora  of  Goldfuss  are 
probably  synonyms  of  Stromatopora.  The  Middle  Devonian  lime- 

stones of  Torquay  and  Newton  Abbot  abound  in  the  ever-varying 
forms  of  these  incrusting  Protozoa.  The  Devonian  forms  differ 
essentially  from  the  Wenlock  and  Ludlow  species,  the  type  in  those 
rocks  being  S.  striatella,  whereas  the  characteristic  species  in  the 
Middle  Devonian  are  S.  concentrica,  Goldf.,  and  S.  placenta,  Lonsd., 
or  the  Caunopora  of  both  Phillips  and  Lonsdale.  No  Protozoa  occur 
either  in  the  Lower  or  Upper  Devonian,  being  strictly  confined  to 
the  massive  limestones  of  South  and  North  Devon.  S.  placenta,  S. 
ramosa,  and  S.  verticillata  are  strictly  British. 

Actlxozoa  (Actinoidea,  Dana;  Coralliaria,  M.-Edw.). — Perhaps 
during  no  period  in  the  physical  history  of  the  British  Islands  have 
we  had  such  a  remarkable  assemblage  of  Actinozoa  as  that  which 
so  essentially  and  specifically  characterizes  the  Middle  Devonian 
rocks  of  South  and  North  Devon.    Out  of  the  24  known  genera  and 
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52  species,  no  single  form  passes  to  the  Carboniferous,  and  none  are 
common  to  the  Silurian  rocks  in  any  area ;  they  stand  alone,  and 
are  sufficient  in  themselves  to  maintain  the  integrity  of  the  Devonian 
system.    This  is  equally  definite  and  distinct  throughout  the  Euro- 

pean or  American  areas,  or  wherever  the  -Devonian  rocks  are  deve- 
loped. 15  genera  illustrate  the  Zoantharia  rugosa  and  8  the  Z.  tabu- 

late.   The  genus  Acervularia  numbers  7  species,  Alveolites  4,  Gya- 
thojphyllum  12,  Favosites  5,  Smithia  3,  Endojohyllum  2,  and  Petraia  2. 
The  remaining  18  genera  are  only  represented  by  1  species  each ;  20 
species  are  common  to  the  rocks  of  North  and  South  Devon,  and  25 
occur  on  the  continent  (Rhenish  Prussia,  Belgium,  and  Prance) ; 
none  pass  to  the  Carboniferous  rocks  in  any  region.    The  Lamelli- 
branchiata,  Gasteropoda,  and  Cephalopoda  are  all  of  equal  strati- 
graphical  value.    The  Middle  Devonian  group  contains  all  the  24 
genera  and  48  of  the  52  species.    The  Lower  Devonian  has  hitherto 
only  yielded  4  genera  and  7  species ;  the  latter  are  Alveolites  sub- 
orbicidaris,  Oyaihophyllum  helianthoides,  Petraia  celtica,  P.  gigcts,  P. 

pleuriradialis,  P.  bina'l,  and Pleurodictyum  problematicum ;  and  the 
Upper  Devonian  also  4  genera  and  7  species,  viz.  Ampleceus  tortuosus, 
Cyathophyllum  ccespitosum,  C.  ceratites,  Fistulipora  cribrosa,  Michelinia 
antiqua,  Petraia  celtica,  and  P. pleuriradialis.  The  researches  of  Dr. 
Nicholson  upon  the  Devonian  Corals  of  North  America  have  thrown 
much  light  upon  their  history,  habits,  and  mineralization  ;  and  it  is 
to  be  hoped  that  his  labours  will  be  embodied  in  a  volume  upon  the 
Rugose  Corals,  equal  in  interest  and  value  to  his  late  contribution  on 
the  Tabulata.    Doubtless  the  Paheozoic  Actinozoa  of  the  British 

rocks  now  require  critical  revision,  especially  the  Silurian  and  Car- 
boniferous groups. 

The  Upper  and  Lower  Devonian  rocks  are  chiefly  composed  of 
slates,  with  here  and  there  impure  limestones.     They  therefore 
possess  no  coral  fauna :  whereas  the  highly  developed  masses  of 
limestone  around  Torquay  and  Newton  Abbot  are  simply  Devonian 
coral  reefs  of  great  magnitude.    In  North  Devon,  between  Ilfra- 
combe  and  Linton,  the  limestones  are  lenticular,  thin,  and  im- 

pure ;  yet  more  than  one  half  of  the  entire  known  Devonian  Acti- 
nozoa have  occurred  in  them,  and  we  have  evidence  of  beds  below 

at  low-water  level  near  Ilfracombe  yielding  even  finer  specimens 
than  at  Torquay.    They  have  to  be  searched  for  in  North  Devon 
and  West  Somerset ;  patient  working  over  that  extensive  area  be- 

tween Barnstaple  and  the  Poreland  with  unbiassed  views  and  a 
knowledge  of  the  fauna  which  exists   altogether  independent 
either  of  the  Silurian  or  Carboniferous,  would  readily  convince 
those  who  have  never  examined  the  county  that  the  rocks  of  North 
Devon  between  Baggy  and  the  Poreland  have  nothing  whatever  to  do 
with  the  Carboniferous  system.   The  fossils  alone,  setting  aside  strati- 
graphical  evidence  and  succession,  determine  the  relation  of  this 
area  to  Belgium,  the  Rhine,  and  Prance  ;  and  their  continuity  under 
Somersetshire,  Wiltshire,  Berkshire,  and  Middlesex  on  to  the  continent 
is  no  longer  matter  of  doubt  or  speculation,  for  the  philosophical 
and  far-seeing  views  and  hypotheses  of  Mr.  Godwin-Austen  and  Prof. 
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Prestwich  have  been  fully  realized,  through  the  determination  of 
the  Devonian  and  Silurian  rocks  in  Middlesex  and  Hertfordshire, 
immediately  below  the  Cretaceous  series. 

Echinodermata. — 7  genera  of  Crinoidea,  2  Asteroidea,  and  1 
Blastoid  are  all  that  are  known  of  this  class  in  the  British  Devo- 

nians. 80  genera  have  been  described  from  the  Devonian  rocks  of 
Europe  and  America.  By  comparison,  therefore,  the  British  fauna  has 
scarcely  any  claim  to  recognition,  and  5  of  the  7  Crinoidea  are  also 
Carboniferous  in  Britain.  It  cannot  be  said,  therefore,  that  the  species 
in  this  division  of  the  order  are  representative  in  Britain.  The  10 
genera  and  24  British  species  are  of  necessity  unequally  distributed. 
Actinocrinus  tenuistriatus,  Phill.,  Cyathocrinus  megastylus,  Phill., 
and  C.  pinnatus,  Goldf.,  are  the  only  forms  known  in  the  Lower 
Devonian ;  6  genera  and  12  species  occur  in  the  Middle  Devonian, 
viz.  Actinocrinus  1  species,  Cupressocrinus  2,  Cyathocrinus  3,  Hexa- 
crinus  3,  Platycrinus  2,  and  Taxocrinus  1  species. 

The  Asteroidea  all  belong  to  the  upper  division,  and  are  mostly 
from  the  North-Devon  beds,  which  with  them  have  also  yielded  7 
Crinoidea.  We  have  therefore  8  genera  and  14  species  in  the  Upper 
Devonian  beds  of  North  Devon — Protester  2  species,  Palceaster  2, 
Helianihaster  1,  Pentremites  1,  Aclelocrinus  1,  Actinocrinus  1,  Cyatho- 

crinus 5,  and  Taxocrinus  1  species.  Of  the  whole  fauna  (24  species) 
3  genera  and  6  species  pass  to  the  Carboniferous ;  they  are  Actino- 

crinus triacontadactylus,  Cyathocrinus  ellipticus,  C.  geometricus,  C. 
pinnatus,  C.  variabilis,  and  Pentremites  ovalis.  Three  of  these  are 
European  Devonian. 

Annelida. — Serpula  advena,  Salt.,  occurs  in  the  Upper  Old  Red 
Sandstone  of  Caldy  Island,  and  Tentaculites  annulatus?,  Schloth., 
in  the  Middle  Devonian  of  North  Devon ;  the  last  named  is  abundant 
(in  places)  in  the  limestones  near  Ilfracombe. 

Crustacea. — All  the  4  orders,  illustrated  only  by  20  genera  and 
37  species,  are  represented  in  the  British  Devonians ;  45  genera  and 
290  species,  however,  have  been  described  from  Bohemia,  Germany, 
Spain,  Asia,  Africa,  America,  &c.  20  of  the  foreign  genera  and  200 
species  are  Trilobita ;  the  remaining  90  are  Merostomata,  Phyllopoda, 
and  Ostracoda.  As  in  the  case  of  the  Echinodermata  our  Crustacean 
fauna  is  anything  but  representative,  yet  it  has  a  characteristic 
facies  that  carries  with  it  the  conviction  of  distinctness.  Only  6 
genera  of  Trilobita  are  known,  viz.  Bronteus  {flabellifer),  Cheirurus 
(articulatus),  Harpes  (macrocephalus),  Homalonotus  (elongatus)y  Pha- 
cops  (5  species  including  the  subgenera  Tr  inter  ocepJialus  and  Cryphceus), 
and  Phillipsia  (Brongniarti) ;  the  doubtful  genera  have  been  relegated 
to  their  supposed  places.  9  genera  and  24  species  of  all  the  orders 
are  Lower  Devonian  (6  genera  are  Trilobita),  5  genera  and  6  species 
are  Middle,  and  7  genera  and  9  species  are  Upper  Devonian. 
Eurypterus  (6  species),  Stylonurus  (6  species),  and  Ptcrygotus  (4 
species)  are  all,  with  one  or  two  exceptions,  Lower  Old  Red  Sand- 

stone types.  None  of  these  are  known  to  occur  in  the  typical  Devonian 
area,  being  either  Scotch  or  in  the  Silurian  region.  The  singular 
genus  Prcearcturus  (P.  gigas,  Woodw.)  of  the  family  Idoteidae  is 
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from  the  Old  Red  of  Herefordshire  ;  this  and  Proricaris  M'Henrici 
of  Baily  form  the  only  2  new  British  genera  introduced  into  the 
Devonian  fauna.  Phillipsia  Brongniartii  is  the  only  crustacean  that 
occurs  in  common  in  the  Devonian  and  Carboniferous  rocks  ;  it  is  the 
Asaphus  obsoletus  and  A.  granuliferiis,  Phill. ;  so  that,  small  as  the 
Devonian  Crustacean  fauna  appears  to  be,  it  is  nevertheless  distinc- 

tive. A.  Bonier,  Sandberger,  Dalman,  Brongniart,  Richter,  Minister, 
Beyrich,  Steining,  Roualt,  &c.  on  the  continent,  with  Salter,  Phillips, 
Woodward,  Jones,  R.  Etheridge,  jun.,  and  Baily  in  Britain,  have  all 
greatly  enriched  our  knowledge  of  the  Devonian  Crustacea. 

Bryozoa. — The  Tubuliporidse  through  Oeriopora,  the  Retioporidse 
through  Fenestella,  Hemitrypa,  Polypora,  Ptylopora,  and  Betepora, 
and  the  Escharidae  through  Glaaconome,  are  represented  through  the 
Devonian  rocks  by  the  above  7  genera  with  11  species;  all  the 
genera  are  equally  Carboniferous,  but  only  4  species  are  common  to 
both  formations — Oeriopora  similis,  Phill.,  Fenestella plebeia,  M'Coy, 
Glauconome  bipinnata,  Phill.,  and  Poly  pom  laxa,  Sandb.  The  Lower 
Devonian  possesses  2  species  only,  viz.  Fenestella  antiqua,  also  oc- 

curring in  the  Middle  and  Upper,  and  Betepora  repisteria,  which  is 
also  Middle  Devonian.  6  of  the  7  genera  and  7  species  are  Middle 
Devonian — Polypora,  through  its  representative  species  (P.  laxa), 
being  Upper  and  Carboniferous.  5  genera  and  6  species  are  Upper 
Devonian ;  they  are  both  South-  and  North-Devon  forms — Oerio- 

pora (Millepora)  gracilis,  Phill.,  Fenestella  antiqua,  Goldf.,  F. 
prisca,  Goldf.,  F.  plebeia,  M'Coy,  Glauconome  bipinnata,  Phill., 
and  Polypora  laxa.  The  known  Devonian  Bryozoan  fauna  (Euro- 

pean, American,  and  British)  consists  of  26  genera  and  115  species ; 
of  these  we  have  only  7  genera  and  11  species.  These  species 
range  through  North  and  South  Devon  and  South  Cornwall ;  they 
are  rarely  well  preserved  and  always  difficult  to  determine.  Critical 
analyses  of  the  species  have  been  undertaken  by  Messrs.  Shrubsole 
and  Vines,  who  in  time  will  revise  the  entire  group. 

Brachiopoda. — With  the  exception  of  the  fishes  of  the  Old  Red 
Sandstone  (125  species)  this  is  the  largest  group  in  the  British 
Devonian  rocks.  We  should  expect  this  when  we  know  that  no 
less  than  61  genera  and  over  1100  foreign  species  have  passed 
through  the  hands  of  European,  American,  and  British  zoologists  and 
palaeontologists,  and  all  have  been  described ;  of  these  1100  species 
only  116  are  British ;  and  of  the  61  known  genera  we  possess  26. 
Oalceola  (1),  Davidsonia  (3),  Cyrtina  (4),  Bensseleria  (11),  Camaro- 
plioria  (1),  String <oceplialus  (1),  and  Uncites  (1)  are  the  genera  new  to 
Britain,  none  of  which  made  their  appearance  in  our  area  until  the 
Middle  period  of  the  Devonian  deposits,  the  most  marked  and  prolific 
of  the  three  horizons.  With  the  exception  of  Cyrtina,  which  exhibits 
4  species,  each  of  these  genera  is  represented  only  by  1  species. 
Hall's  genus  Bensseleria  yields  10  as  the  total  value  of  the  genus ; 
but  only  1  species  occurs  in  Britain  (Bensseleria  stringiceps,  Rom.)  ; 
8  of  the  rest  are  American,  and  1  species  is  Coblentzian.  I  call 
attention  to  these  7  genera  because  they  are  essentially  Devonian ; 
the  remaining  19  appeared  in  the  Silurian  rocks,  and  lived  on 
through  the  Carboniferous. 
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The  Lower  Devonian  yields  9  genera  and  21  species — Athyris  17 
Atrypa  3,  Chonetes  3,  Leptcena  1,  Orthis  3,  Bhynchonella  3,  Spirifera 
3,  Spiriferina  1,  Streptorhynchus  3.  The  Middle  division  contains 
23  genera  out  of  the  26,  and  80  of  the  116  species.  The  Upper 
contains  14  genera  and  37  species  ;  of  these  10  genera  and  16 
species  pass  to  the  Carboniferous.  It  is  essential  to  the  history  of 
the  Devonian  fauna  that  I  name  the  genera — Athyris  2  species,  Cho- 

netes 1,  Piscina  1,  Lingula  1,  Procluctus  1,  Bhynchonella  3,  Spirifera  3, 
IStreptorhyncJms  1,  Strophomena  1,  Terebratula  2.  The  large  genera 
are  Bhynchonella  16  species,  Spirifera  20,  Streptorhynchus  6,  Orthis 
6,  Cyrtina  4,  Procluctus  4,  and  Terebratula  4.  Regarding  the 
great  discrepancy  or  smallness  of  this  peculiar  fauna  as  compared 
with  that  of  the  continent  and  America,  we  must  have  regard  to  the 
smallness  of  the  area  now  exposed  in  England  as  compared  with  the 
original  area  occupied  by  the  Devonian  sea,  the  accumulations  of 
which  are  now  covered  by  the  Secondary  and  Tertiary  rocks  of  the 
west  and  east  of  England,  the  Devonian  floor  or  old  surface  being 
hidden  east  of  the  Quantocks,  North  Devon,  and  Torquay.  We  have 
proof  of  a  rich  Upper  Devonian  fauna  in  the  rocks  under  London 
and  Turnford,  at  the  depth  of  1000  feet,  and  below  the  Cretaceous 
series  ;  between  these  two  places  and  JNorth  Devon  we  can  at  pre- 

sent only  surmise  the  plane  they  occupy. 

The  volume  of  the  Paheontographical  Society's  publications  by 
T.  Davidson,  Esq.,  E.P.S.,  &c,  devoted  to  the  British  Devonian 
Brachiopoda,  is  worthy  of  the  fame  of  its  distinguished  author ;  in  it 
are  described  116  species,  the  arguments  for  and  against  their 
genuineness  being  impartially  and  consummately  reasoned  out, 
figures  of  all  the  species  and  doubtful  forms  are  given ;  and  when 
we  know  the  patience  and  skill  required  to  adjust  and  discriminate  so 
dismembered  and  small  a  group  as  the  British  Devonian  Brachiopoda- 
out  of  such  a  mass  of  material  occurring  in  the  European  and  Ame- 

rican fauna  (1100  species),  we  may  well  be  thankful  that  there  are 
men  who  have  the  required  leisure  and  knowledge  and  who  devote 
their  lives  to  one  subject.  Associated  with  Davidson  in  the  Devo- 

nian fauna,  the  names  of  Yon  Buch,  Schlotheim,  Schnur,  Dalman, 
Sandberger,  Hall,  Billings,  Dall,  Conrad,  Homer,  Yanuxem,  Bar- 
rande,  De  Yerneuil,  Koualt,  Phillips,  Sowerby,  Xing,  and  M'Coy 
must  be  prominently  noticed. 

Lamellibranchtata. — The  mass  of  the  species  of  the  class  Conchi- 
fera  occurring  in  the  Upper  Devonian,  and  especially  abundant, 
are  Asiphonida,  through  Aviculopecten,  Pterincea,  and  the  Mytilidse. 
20  genera  and  39  species  are  known,  and  29  species  illustrating  11 
genera  are  in  the  Upper  division  ;  yet  of  the  whole  bivalve  fauna 
only  4  genera  and  5  species  pass  to  the  Carboniferous  series  in 
North  Devon,  viz.  Aviculopecten  granosus,  Sow.,  A.  plicatus,  Sow., 
Pterincea  damnoniensis,  Sow.,  CucidlcmGriffithii,  Salt., and  Gurtonotus 
unio,  Salt.  The  Lower  Devonian  is  even  poorer,  only  3  genera  and 
4  species  occurring ;  these  are  Aviculopecten  polytrichia,  Philip 
Pterincea  anisota,  Phill.,  P.  spinosa,  Phill.,  and  Ctenodonta  Kratchat, 
Pom. ;  the  last  mentioned  is  the  only  bivalve  species  actually  con- 
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fined  to  the  Lower  Devonian.  The  Middle  Devonian  is  represented 
by  13  genera  exhibiting  23  species — Aviculopecten  2  species,  Pteri- 
ncea  6,  Anodonta  JuJcesii,  Cleidophorus  ovatus,  Corbula  Hennahi* 
Cucuttcea  Hardingii,  G.  trapezium,  Ctenodonta  lineata,  Leptodomus 
constr ictus,  Megalodon  3,  Modiola  scalaris,  Pleurorhyncbus  2,  Pul- 
lastra  antiqua,  and  Sanguinolaria  elliptica.  Megalodon,  Pleurorhyn- 
chus,  Corbula,  and  Cleidophorus  are  generically  and  specifically  essen- 

tially Middle  Devonian.  Cucullaxi  6  species,  Curtonotus  6,  Cteno- 
donta 4,  are  the  larger  genera  of  the  Upper  Devonian  beds  of  North 

Devon,  south  of  the  latitude  of  Baggy  Point ;  but  we  have  seen  how 
few  pass  to  the  Carboniferous  south  of  Barnstaple  and  Pilton,  or  along 
the  strike  of  the  two  formations  from  Barnstaple  to  Braunton.  The 
South-Petherwin  and  Land-lake  beds  in  North  Cornwall  are  Upper 
Devonian,  and  have  jdelded  65  species  ;  they  cannot  be  affiliated  with 
the  Carboniferous,  the  Clymenice  and  species  of  Orthoceratida?  for- 

bidding it. 
Any  comparison  of  the  insignificant  British  fauna  with  the  splendid 

series  of  Devonian  species  in  Europe  and  America  is  useless  :  no  fewer 
than  90  genera  and  900  species  of  Lamellibranchiata  have  been  de- 

scribed ;  260  are  Monomyarian  and  640  are  Dimyarian  species. 
Gasteropoda. — 13  British  genera  and  45  species  constitute  the 

entire  list  of  the  Odontophora.  No  species  occurs  in  the  Lower  Devo- 
nian. The  Middle,  as  in  the  case  of  all  the  other  classes,  contains  the 

largest  number  of  species  (36)  and  12  of  the  13  genera — Acrocidia 
3  species,  Euomphalus  5,  Loxonema  5,  Macrocheilus  6,  Murchisonia  4, 
Nerita  1,  Pleurotomaria  6,  Scoliostoma  1,  Trochus  1,  Turbo  2,  and 
Vermetus  2  species.  The  Upper  Devonian  species  are  14,  and  occur 
mostly  in  the  Pilton,  Brushford,  and  Petherwin  areas ;  they  represent 
7  genera — Acrocidia  1,  Euomphalus  1,  Loxonema  4,  Macrocheilus  1, 
Murchisonia  1,  Natica  2,  and  Pleurotomaria  4.  5  species  pass  to  the 
Carboniferous — Acrocidia  vetusta,  Loxonema  rugiferum,  L.  tumidum, 
Murchisonia  angulata,  and  M.  spinosa. 

The  South-Devon  area  has  yielded  37  of  the  45  Middle  Devonian 
species,  North  Devon  only  5,  viz.  Euomphalus  serpens,  E.  radiatus, 
Acrocidia  vetusta,  Macrocheilus  brevis,  and  Natica  meridionalis, 
and  11  Upper  Devonian  ;  the  Petherwin  beds  in  North  Cornwall 
contain  7  Gasteropods,  all  Upper  Devonian.  Complete  comparison 
of  the  two  areas  will  be  made  at  the  end  of  the  Devonian  fauna. 

Pteropoda. — No  Conularia  or  Theca  has  appeared  in  the  Devonian 
rocks  of  either  South  or  North  Devon.  30  species  are  known  in 
the  Devonian  rocks  of  Germany  and  America. 

Heteropoda. — The  order  Nucleobranchiata  through  the  AtlantidaB 
is  represented  in  all  three  divisions  of  the  Devonian  rocks  by  Belle- 
rophon  (5  species)  and  Porcellia  (3).  Bellerophon  bisulcatus  occurs  in 
the  Lower  and  Upper  divisions;  B.  striatus,  Lower  and  Middle; 
B.  hiulcus,  B.  subglobatus,  and  B.  JJrii  in  the  Upper ;  B.  hiulcus  and 
B.  JJrii  appear  also  in  the  Carboniferous  rocks.  B.  subglobatus  is  also  a 
Coomhola  species  (Irish).  Porcellia  Woodwardi,  Sow.,  and  P.  striata, 
Phill.,  occur  in  the  Middle  Devonian  of  South  Devon ;  but  P.  Symondsii 
has  hitherto  only  been  found  in  the  Upper  division,  or  Pilton  and  Barn- 
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staple  beds  south  of  Baggy.  Thus  these  2  genera  and  8  species  have 
a  wide  range,  due  to  their  pelagic  habit ;  and  regarding  B.  Urii,  B. 
Mulcus,  and  B.  subc/lobatus  as  Carboniferous,  3  occur  in  the  Lower, 
3  in  the  Middle,  and  5  in  the  Upper  Devonian.  5  genera  and  77 
species  are  Continental  and  American. 

Cephalopoda. — Clymenia,  Cyrtoceras,  Goniatites,  Nautilus,  Ortho- 
ceras, and  Poterioceras  are  the  6  British  Devonian  genera  with  60 

species.  Other  foreign  genera  and  500  species  are  known.  We  can 
hardly  attempt  comparison  through  such  an  extensive  and  widely 
disseminated  group.  (The  genus  Goniatites  is  illustrated  by  168 
species,  Clymenia  50,  and  Orthoceras  130  ;  but  Bactrites  with  9 
species,  Cyrtoceras  60,  Phragmoceras  12,  and  Trochoceras  6  species, 
are  not  known  in  the  British  Devonians,  besides  many  other  smaller 
genera.)  Strange  as  it  may  appear,  only  one  species  occurs  in  the 
Lower  Devonian,  Cyrtoceras  bdellalites,  Stutchb. ;  yet  this  genus  is 
represented  by  12  Middle  and  2  Upper  Devonian  species.  I  am 
disposed  to  believe  that  we  have  not  in  Britain  any  Lower  Devonian 
form  at  all,  this  single  species  from  one  locality  being  doubtful. 
The  11  other  forms  are  all  Middle  Devonian. 

Clymenia,  the  essential  genus  in  the  Devonian  rocks  of  Britain 
(and  elsewhere),  numbers  11  species,  and  all  occur  in  the  Upper 
Devonian  of  Petherwin  in  North  Cornwall.  This  genus  is  repre- 

sented in  Europe  by  50  species,  and,  in  the  same  stratigraphical 
position,  in  the  Upper  division  of  the  Devonian  series.  America 
yields  scarcely  any  Clymenice ;  and  no  Clymenia  occurs  in  the  Devo- 

nian rocks  of  North  Devon,  either  Middle  or  Upper. 
Goniatites. — In  the  Upper  Devonian  of  Petherwin  this  genus  is 

represented  by  G.  biferus,  G.  linearis,  G.  subsulcatus,  G.  striatus, 
and  G.  vinctus ;  and  12  species  occur  in  the  Middle  Devonian  of 
Torquay ;  only  2  forms  occur  in  the  Upper  beds  of  North  Devon, 
G.  vinctus  and  G.  spirorbis ;  4  of  the  Devonian  species  occur  in  the 
Carboniferous  rocks,  G.  carbonarius,  G.  ccecavatus,  G.  serpentimis, 
and  G.  subsidcatus?  As  compared  with  the  Carboniferous  Gonia- 

tites, the  Devonian  group  is  of  slight  importance  ;  in  Britain  alone 
we  have  72  Carboniferous  species,  and  ]  60  Devonian  species  have 
been  described  from  European  rocks,  and  only  6  or  8  from  America* 

Cyrtoceras. — With  one  exception  the  13  species  of  this  genus 
occur  only  in  the  Middle  Devonian  of  Torquay.  The  single  departure 
from  this  is  Cyrtoceras  rusticum,  the  only  Upper  Devonian  form  in 
the  Petherwin  beds  ;  this  species  is  probably  the  C.  arcuatum  of  Stein- 
mcyer.  60  species  occur  in  the  Devonian  rocks  of  Central  Europe ; 
and,  as  in  the  two  genera  before  noticed,  few  are  American. 

Orthoceras. — No  species  of  Orthoceras  has  yet  occurred  in  the 
Lower  Devonian  beds,  either  of  North  or  South  Devon.  The  Middle 
group  at  Torquay  has  yielded  8  species,  and  the  Upper  Devonian  of 
North  Devon  13  ;  and  4  of  these  North-Devon  species  pass  to  the  Car- 

boniferous south  of  Pilton  and  Barnstaple,  viz.  O.  cinctum,  O.  lineola- 
tum,  O.  striatum,  and  O.  undulatum.  130  species  occur  in  the  Devo- 

nian rocks  of  Ehenish  Prussia  and  Central  Europe,  and  less  than  20 
in  America.  Our  Carboniferous  rocks  contain  47  species ;  but,  as  we 
have  seen,  only  4  species  are  common  to  the  two  formations. 
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Nautilus. — The  European  area,  so  rich  in  the  4  genera  previously 
noticed,  is  unexpectedly  poor  in  Nautili,  not  more  than  11  species 
having  been  described  therefrom,  and  only  4  or  5  from  America. 
We  possess  only  2  species,  N.  germanus  and  N.  megasipho ;  the 
former  Middle  Devonian,  Torquay,  the  latter  Upper  Devonian,  from 
Petherwin. 

Poterioceras. — Only  in  the  Upper  beds  at  Petherwin  is  this  genus 
represented,  and  by  1  species  (P.  fusiformis)  :  it  also  passes  to  the 
Carboniferous  rocks.  The  analysis  of  the  Devonian  Cephalopoda  and 
their  distribution  show  that  the  British  species  number  60,  belonging 
to  the  6  genera  I  have  separately  discussed.  Only  1  is  Lower  Devo- 

nian; the  Middle  Devonian  has  yielded  4  genera  and  33  species,  and 
the  Upper  5  genera  and  33  species. 

Looking,  then,  at  our  small  Devonian  Cephalopod  fauna  (6  genera 
and  60  species)  as  compared  with  that  of  Europe  (20  genera  and  500 
species),  which  alone  nearly  equals  all  the  species  in  the  14  classes 
in  the  British  Devonian  rocks  (544),  we  readily  see  the  value  of 
this  fauna  in  Europe,  Belgium,  the  Eifel,  the  Harz,  Saxony, 
the  Eichtelgebirge,  Russian  Poland,  Russia  in  Europe,  and  Spain. 

In  Belgium,  Prance,  the  Eifel  area,  the  Eichtelgebirge,  and  Saxony, 
the  Devonian  group,  as  with  us,  readily  falls  under  the  3  divisions  of 
Lower,  Middle,  and  Upper,  and  in  the  main  the  grouping  corresponds 
or  maybe  correlated  with  our  own.  In  Belgium  (south  of  the  Condros) 
the  Psammite  of  Condros,  the  schists  of  Pamenne,  and  the  limestone 
of  Erasne  are  the  equivalents  of  our  Upper  Devonian  as  exhibited 
at  Petherwin  in  Forth  Cornwall,  and  the  Baggy,  Pilton,  Brushford, 
and  Marwoodbeds.  The  "  Givet  Limestone"  at  the  summit  of  the 
Middle  group  is  the  equivalent  of  the  Stringocephalus-heds  of  Xorth 
Devon,  but  with  us  stratigraphically  lower. 

The  CaJceola-schists  and  the  (Spirifer)  "  OultrijugatusSisa£e " 
of  Belgium  are  our  C  ale  cola-heals  of  Torquay  and  Xewton  in  South 
Devon,  and  the  typical  Middle  Devonian.  The  schists  of  Burnot, 
Ahrian,  and  the  Coblentzian  and  Gadinian  correspond  with  the 
Linton  and  Lower  slates  and  grits  of  North  Devon — our  Lower 
Devonian  (the  lowest  probably  not  seen).  In  the  Eifel  area,  the 
beds  of  which,  like  the  deposits  of  Belgium,  correspond  so  closely 
with  our  own,  the  Goniatite-schists  and  (EliynclioneUci)  Cuhoides- 
limestone  are,  like  those  of  Xorth  Cornwall  and  Devon,  the  upper 
division  :  and,  as  in  Belgium,  the  Calceola-schists  and  Cultrijugatus- 
Stufe  are  the  equivalents  of  the  South-Devon  limestones  or  Middle 
Devonian :  theYichter  schists,  Ahrian  (of  Dumont),  and  the  Coblentzian 
beds  represent  the  mass  of  the  lower  shales,  slates,  and  grits  below 
the  Hangman  beds  in  Xorth  Devon.  M.  Gosselet*.  in  his  succession 
of  the  Devonian  rocks  of  Xorth  Erance  and  Belgium,  divides  the 
whole  into  6  divisions  or  beds.  The  corresponding  rTorth-Erench 
beds  to  our  Upper  Devonian  are  probably  the  Psammites  of  Condros, 
the  slates  of  Eamenne,  and  the  Boulonnais  beds. 

The  Givet  Limestone  andgCalceola-slates  are  our  Middle  Devonian, 
and  the  systeme  Ehenan  the  Lower. 

*  Bull.  Soc.  Geol.  de  France,  vol.  xviii.  p.  18. 
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M.  Gosselet*  again  divides  the  Devonian  of  the  Franco-Belgian 
region  into  Upper,  Middle,  and  Lower,  but  with  differences  which 
have  palseontological  value. 

His  Upper  Devonian  contains  the  Psammites  du  Condros  in  2  divi- 
sions ;  the  Schistes  de  Famenne  in  4  divisions. 

The  Middle  Devonian  one  large  group  (calcaire  de  Givet)  divided 
into  9  beds  or  bands. 

In  the  Lower  Devonian  Gosselet  places  (1)  the  schistes  a  Calceoles 
(in  3  divisions),  (2)  Poudingue  de  Burnot,  (3)  the  Grauwacke  a 
Leptama  MurcMsoni  (in  2  divisions),  (4)  the  Couches  de  Gedinne  and 
conglomerates  and  schists  (in  3  divisions). 

In  the  departments  of  the  Loire  Inferieur  and  Maine-et-Loire, 
according  to  M.  Caillinaud,  the  Lower  Devonian  occupies  large  areas 
in  the  west  of  France ;  and  in  the  same  departments  M.  Bureau 
has  determined  the  presence  of  the  Upper  Devonian. 

In  Rhenish  Prussia,  in  the  Eifel  district,  the  Devonian  strata  were 
long  studied  by  Ferd.  Romer,  of  Breslau,  and  Dr.  Emanuel  Kayser. 
They  determined  the  following  horizons  and  successions  f : — 

6&S:»wfc)=ne::: }  ^  D— • 
Striiiffocephalusrscbiat   j 
Calceola-schist    I  Marl,  Middle  Devonian. 
Cultrijugatus-Stwfe  (Spirifer)   J Vichter  schist  \ 
Ahrian  schist  (Dumont)    I  Sandy  schists,  Lower  Devonian. 
Coblentzian   J 

F.  A.  Romer,  of  Clansthal,  has  correlated  the  parallel  horizons  or 
deposits  of  the  Harz  and  the  Eifel.  In  the  Eifel  he  gives  7  divisions, 
in  the  Harz  8;  they  are  compared  with  Aix-la-Chapelle  and  Couvin. 

In  the  '  Paheontographica '  (for  1854),  F.  A.  Romer  divides  the 
Devonian  rocks  of  the  Harz  into  9  portions  :  — 

1.  Arnay  schists  (jiingere  Grauwacke), 
2.  Cypridina-sch.\st. 
3.  Goniatitc-schist. 
4.  Iberg  limestone. 
5.  BeceptacuUtes-sckist. 
6.  Stringocepkalus-limestone. 
7.  Orthoceratite  or  Wissenbach  schist. 
8.  Calceola -schist. 

9.  /Sjp?'n/era-sandstone  (altere  or  Khenish  Grauwacke). 

Characteristic  fossils  are  given  with  each,  and  the  chief  localities 
where  the  beds  are  exposed. 

The  Fichtelgebirge,  through  the  researches  of  Prof.  C.  W.  GiimbelJ, 
exhibit  4  divisions  or  groupings : — 

1.  Cypridina-schist   Upper  Devonian  (in  3  stages). 
±  Calamopora-^  \  mMle  DeVonian. 3.  Tentacidite-scmst   J 
4.  Nereite-schist    Lower  Devonian. 

*  Annales  des  Mines,  6e  ser.  torn.  xii.  p.  595. 
t  Zeitschrift  d.  deutschen  geol.  Gesell.  Jahrg.  1871,  p.  375. 

+  «  Pala3ontographica,'  Dunker  and  Meyer,  xi.  p.  109,  "  Ueber  Clymemen  m 
den  Uebergangsbilden  des  Fichtelgebirges." 
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I  have  thus  referred  to  some  of  the  chief  European  localities  and 
systems  to  show  the  importance  and  development  of  the  continental 
Devonian  rocks  with  their  enormous  fauna,  as  compared  with  the 
clearly  determined  but  comparatively  poor  British  series,  our  whole 
fauna  only  numbering  550  species  at  most.  Unless  some  reference 
had  been  made  to  the  American  and  European  Devonians  no  force 
could  have  been  given  to  the  system;  and  its  geographically  dis- 

jointed state  (even  on  the  continent)  tends  to  detract  from  the  original 
unity  of  the  whole,  but  at  the  same  time  to  show  that  it  was, 
and  has  been,  one  of  the  most  extensive  systems  on  the  two  conti- 

nents, and  even  in  the  British  Islands  could  we  but  uncover  the 
extensive  area  between  Belgium,  the  Boulonnais,  and  Devon  and 
Cornwall,  now  deeply  buried  under  the  Secondary  and  Tertiary 
systems. 

I  cannot  pass  over  the  Devonian  formation  of  North  America 
and  the  Canadas,  either  physically  or  palaeontologically,  for  we  know, 
through  the  labours  and  researches  of  Hall,  Bigsby,  Newberry, 
Meek,  Shumard,  Wlnchell,  Dawson,  and  others,  how  great  and  widely 
extended  is  the  Devonian  system  in  North  America/and  how  persistent 
are  the  conditions  and  successions  ;  the  state  of  New  York  and  the 
Canadas,  with  the  Gaspe  region  in  the  east,  have  as  yet  exhibited 
the  Devonian  rocks  in  greatest  development,  all  the  three  great 
horizons  being  present.  The  Hamilton  and  Upper  Helderberg 
groups,  with  the  Catskill,  Chemung,  and  Portage  groups  above, 
occur  in  the  States  of  Pennsylvania,  Ohio,  Illinois,  Missouri,  and 
Michigan  in  full  development.  In  Iowa  and  Tennessee  the  Upper 
Devonian  only  is  present.  In  New- York  State  the  11  recognized 
divisions  make  up  a  mass  of  limestones,  sandstones,  shales,  flag- 

stones, and  conglomerates  upwards  of  8000  feet  in  thickness.  In 
Pennsylvania  the  Devonians  are  12,000  feet  thick.  The  great 
Middle  or  Hamilton  group  is  developed  in  6  of  the  8  States,  the 

Lower  or  Helderberg  in  -1.  Principal  Dawson,  in  his  ;  Acadia,'  has 
shown  that  the  Devonians  of  the  St.-John"s  area,  New  Brunswick, 
exhibit  peculiar  features  different  from  those  of  the  Western  States 
before  mentioned,  but  nevertheless  are  divisible  into  three  stages 
or  horizons*. 

The  above  generalizations  relative  to  the  development  and  dis- 
tribution of  the  European  and  American  Devonians  are  given  to 

show  their  great  value  and  extent  as  compared  with  the  really 
or  comparatively  poor  fauna  of  the  British  Islands.  That  the  whole 
formation  or  system  once  extended  universally  over  the  area  thus 
roughly  traced  there  cannot  be  any  doubt,  nor  that  probably  during 
one  general  age  one  or  other  of  its  three  divisions  may  have  occurred 
homotaxially ;  but  as  a  whole  it  occupied  all  that  time  or  epoch 
extending  from  the  close  of  the  Upper  Ludlow  to  the  base  of  the 
Carboniferous.  In  North  Devon  its  upper  member  passes  insensibly 
and  conformably  into  the  Carboniferous,  which  is  itself  in  an  abnormal 
condition. 

The  Scotch  and  Irish  beds  of  this  age  differ  from  all  others,  the 
*  '  Acadia,'  2nd  ed.  pp.  503-505. 
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Irish  Coomhola  "beds,  with  Anodonta  and  Palceopteris  or  Adiantites, being  undoubtedly  of  Upper  Devonian  or  Upper  Old  Red  Sandstone 
age.  Mr.  Kinahan  would  class  the  Old  Eed  Sandstone  of  the 
Dingle  and  Cork  area  as  Lower  Carboniferous,  and  corresponding 
in  the  Limerick  area  to  the  Lower  Carboniferous  sandstones  and 
shales.  Kinahan  further  states  that  in  no  place  in  Ireland  has 
the  Old  Eed  Sandstone  a  defined  upper  boundary,  one  group  gra- 

duating into  the  other.  Furthermore,  he  says,  only  in  Munster 
and  in  the  hills  between  Lough  Erne  and  Pomeroy,  in  the  counties  of 
Fermanagh  and  Tyrone,  is  the  Old  Eed  Sandstone  at  the  absolute 
base  of  the  Carboniferous  formation,  as  in  all  other  places  the 
rocks  so  called  and  described  are  on  different  geological  horizons, 
ranging  up  to  the  base  of  the  Coal-measures  *. 

As  far  back  as  1863  Jukes  and  Salter  stated  that  the  yellow  lime- 
stone of  the  South  of  Ireland  is  the  upper  part  of  the  Old  Eed  Sand- 
stone, with  the  Coomhola  grits  between  it  and  the  Carboniferous 

slate  with  Avicula  damnoniensis  and  Cucullcea  &c. 

Pisces. — 50  genera  and  125  species  of  fish  range  through  the 
Old  Eed  Sandstone.  It  can  hardly  be  said  that  ichthyic  life  com- 

menced prior  to  the  commencement  of  the  deposition  of  Old  Eed  Sand- 
stone or  the  Devonian  age.  The  few  genera  and  species  that  made 

their  appearance  in  the  British  seas  at  the  close  of  the  Silurian 
period  (8  genera  and  12  species,  10  of  which  passed  to  the  Old  Eed 
Sandstone)  can  only  be  traced  into  the  very  lowest  beds  of  the  Old 
Eed  in  the  Silurian  area  of  Ludlow,  Kington,  and  Ledbury,  and 
scarcely  passing  beyond  the  passage  group  ;  we  know  them  not 
higher  in  the  system.  In  the  North  of  Scotland  and  in  the  Orkneys, 
Caithness,  and  Cromarty  area,  the  Lower  Old  Eed  Sandstone  is 
known  to  have  furnished  18  genera  and  about  60  species  ;  no  prior 
stratigraphical  relation  or  origin  is  known.  They  occur  in  that 
region,  like  the  strata  or  rocks  which  contain  them,  fully  developed 
and  in  vast  numbers.  Unlike  the  Old  Eed  Sandstone  of  the  Silu- 

rian area  the  formation  has  there  no  f  ossiliferous  base.  The  Silurian 

rocks  are  absent,  the  sandstones  and  conglomerates  lying  uncon- 
formably  upon  the  metamorphic  rocks.  The  only  other  organisms 
are  Phyllopod  and  Eurypterid  Crustacea,  with  remains  of  10  or  11 
genera  of  plants. 

To  no  living  geologist  are  we  so  much  indebted  for  our  intimate 
knowledge  of  the  Old  Eed  of  Scotland  as  to  Prof.  A.  Geikie.  His 

paper  in  the  4  Quarterly  Journal  of  the  Geological  Society 'f,  on  the 
Old  Eed  Sandstone  of  the  South  of  Scotland,  and  his  last  elaborate 
essay  upon  the  Old  Eed  Sandstone  of  Western  Europe  J,  are  ex- 

haustive so  far  as  they  have  gone.  Prof.  Geikie  shows  that  there 
is  no  middle  Old  Eed  Sandstone  in  either  North  or  South  Scotland, 

*  Vide  Kinahan,  '  Geology  of  Ireland/  pp.  50-94,  for  his  views  and  much valuable  information. 
t  "  On  the  Old  Red  Sandstone  of  the  South  of  Scotland."  By  A.  Geikie,  Esq. , 

F.G.S.    Quart.  Journ.  Geol.  Soc.  vol.  xvi.  pp.  312-323. 
t  "  The  Old  Eed  Sandstone  of  Western  Europe."  By  A.  Geikie,  LL.D., F.R.S.    Trans.  Roy.  Soc.  Edinburgh,  vol.  xxviii.  1878. 
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but  that  it  consists  only  of  two  great  divisions — a  lower,  passing  down 
conformably  into  the  Upper  Silurian  shales,  and  an  upper,  graduating 
upward  into  the  Lower  Carboniferous  sandstones,  with  a  complete 
discordance  between  the  two  series. 

Prof.  Geikie  in  his  memoir  traces  the  series  of  changes  in  the 

physical  geography  of  "Western  Europe  which  took  place  between the  close  of  the  Upper  Silurian  and  the  commencement  of  the  Car- 
boniferous period.  Viewed  in  a  large  sense  the  Old  Eed  Sandstone 

of  Great  Britain  groups  itself  stratigraphically  into  two  divisions, 
physically  and  palaeontologically  distinct,  a  lower  and  an  upper. 

Prof.  Geikie  regards  the  Old  Eed  as  a  great  lacustrine  accumula- 
tion, and  treats  of  the  separate  basins  of  deposit  as  lakes,  to  which 

he  has  assigned  different  names  : — 

1.  Lake  Orcadie. — "Embracing  all  the  Old  Eed  Sandstone  to  the 
north  of  the  Grampian  range,  including  all  the  Orkney 

Islands." 
2.  Lake  Caledonia  or  the  Mid-Scottish  Basin. — "  Occupying  the 

central  valley  of  Scotland  between  the  range  of  the  High- 
land mountains  on  the  north  and  that  of  the  Silurian 

pastoral  uplands  of  the  southern  counties.  This  basin  was 
probably  prolonged  across  the  Firth  of  Clyde  into  the  north 
of  Ireland." 

3.  Lake  Cheviot. — "  A  portion  of  the  south-east  of  Scotland  and 
the  north  of  England,  extending  from  near  St.  Abb's  Head 
south-west  along  the  base  of  the  Silurian  hills  to  the  head  of 
Liddesdale,  and  including  the  area  of  the  Cheviot  Hills." 

4.  The  Welsh  Lake.—"  The  Old  Eed  Sandstone  region  of  Wales, 
bounded  on  the  north  and  west  by  the  Cambrian  and  Silu- 

rian rising  grounds,  but  its  eastern  and  southern  extension 

obscured  by  later  formations." 
5.  Lake  of  Lome. — "  A  district  in  the  North  of  Argyllshire  ex- 

tending from  the  south-east  of  Mall  to  Loch  Awe,  and 
perhaps  northward  up  the  line  of  the  great  Glen." 

At  p.  374  of  his  memoir  Mr.  Geikie  gives  the  order  of  succession 
among  the  strata,  the  thickness,  and  typical  localities  of  the  Old  Eed  of 
Caithness,  which  he  makes  16,200  feet  thick,  and  then  treats  of  all 
the  subdivisions  separately.  Pp.  406-414  treat  of  the  Orkney 
Islands  palseontologically  and  physically;  and  pp.  414-421  of 
the  Shetland  Islands  in  the  same  manner.  The  description  of  the 
Basin  of  the  northern  Eirths  occupies  26  pages. 

I  commend  this  great  addition  and  acquisition  to  the  history  of 
the  Old  Eed  Sandstone  of  Scotland  to  every  student  of  geology. 

Professor  Hull  has  lately  ably  discussed  the  vexed  question  of 
the  geological  relations  of  the  rocks  of  the  south  of  Ireland  to  those 
of  North  Devon  and  other  British  and  continental  districts  *. 

Mr.  Hull  had  previously  discussed,  in  his  paper  upon  the  Dingle 
beds  and  Glengariff  grits  and  slates f,  the  relations  of  the  Upper 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxvi.  pp.  255-276  (1880). 
t  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  pp.  699-723. 
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S  ilurian  series  of  the  south-west  of  Ireland  to  those  of  the  Silurian 
region  of  England,  and  also  the  relation  of  the  Old  Red  Sandstone 
to  the  Dingle  beds,  and  shown  that,  as  in  the  north  of  Scotland, 
all  through  the  south  and  centre  of  Ireland  the  Old  Red  is  every- 

where unconformable  to  the  rocks  on  which  it  reposes,  while  it 
passes  up  conformably  into  the  Carboniferous  series. 

Prof.  Geikie  has  suggested  that  the  Dingle  beds  or  Glengariff 
grits  may  represent  the  Old  Red  Sandstone  of  Scotland  (loc.  cit.). 
Should  this  be  the  case  they  would  be  the  marine  representatives 
of  lacustrine  deposits.  Both,  according  to  Mr.  Hull,  are  uncon- 

formable- overlain  by  Upper  Old  Red  conglomerate  and  sandstone. 
Mr.  Ralph  Tate  held  the  view  that  the  Dingle  beds  are  the 

equivalents  of  the  Tilestones  or  Passage-beds  of  England  and  Wales*, 
or  the  lowest  Old  Red.  Prof.  Hull  endeavours  to  show  that  between 
the  Glengariff  beds  and  the  succeeding  formation,  be  it  what  it  may, 
either  Old  Red  Sandstone  or  Carboniferous,  there  is  a  great  blank, 

or,  in  other  words,  "  unrepresented  time."  This  long  period  Mr. 
Hull  believes  was  filled  up  in  the  south  and  south-west  of  England 
and  in  Belgium  by  the  extensive  series  known  as  the  "  Middle " 
and  "  Lower  Devonian  beds,"  lying  between  the  "  Foreland  grits  99 
on  the  one  hand  and  the  "  Pickwell-Down  Sandstone  "  on  the  other. 
Prof.  Hull  also  believes  that  "  while  a  deep  sea,  in  which  were 
deposited  the  Middle  and  Lower  Devonian  beds,  overspread  the 
south  of  England  and  adjoining  continental  areas,  land  conditions 

prevailed  in  the  south  of  Ireland  during  the  same  period." 
The  analogy  between  the  0]d  Red  Sandstone  of  the  south  of  Ireland 

and  its  supposed  representatives  in  North  Devon,  Belgium,  and 
Scotland  receives  critical  analysis  from  Mr.  Hull.  That  author 
endeavours  to  demonstrate  that  the  Middle  and  Lower  Devonian 
rocks  of  North  Devon  are  totally  unrepresented  in  the  Irish  area,  no 
correlation  being  possible  above  the  Eoreland  beds.  I  believe  no 
one  who  has  ever  examined  the  area  south  of  the  Pickwell-Down 
Sandstone  can  doubt  that  the  Baggy,  Marwood,  Croyde,  Barn- 

staple, and  Pilton  beds  are  upon  the  same  general  horizon  as  the 
Carboniferous  slate  and  Coomhola  grits  of  Ireland,  and  that  the 
Pickwell-Down  Sandstones  represent  the  Upper  Old  Red  Sandstone 
of  the  south  of  Ireland.  Both  on  physical  and  palaeontological 
grounds  these  two  groups  seem  to  agree.  Although  the  freshwater 
shell  Anodonta  JiJcesii  has  not  occurred  in  the  Baggy  or  Pilton  series 
in  North  Devon,  its  plant  associate,  Adiantites(Palaiopteris)liiberniciis1 
has  been  found  in  the  Baggy  beds,  or  immediately  above  the  Pick- 

well-Down Sandstone  (Upper  Old  Red).  I  do  not  despair  of  finding 
the  Irish  shell  in  North  Devon,  especially  after  its  occurrence  in 
Northumberland  in  the  lowest  Carboniferous  rocks  of  that  area.  We 

may  well  believe  that  the  "  lacustrine  "  conditions  of  the  south  of 
Ireland  gave  place  to  marine  conditions  over  the  Devonian  area 
during  the  same  time. 

Mr.  Hull  proposes  the  following  tabulated  form  as  representative 
for  two  areas,  viz.  the  south  of  Ireland  and  North  De^on  : — 

*  Weale's  series.    Geology.    Portlock  and  Tate,  p.  72. 
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Lower  Carboni- 
ferous beds. 

Old  Red  Sand- 
stone or  "Upper Devonian. 

South  of  Ireland. 
/  Carboniferous  Limestone, 
j  Carboniferous  Slate. 
j  Coomhola  Grrit  and  Slate  (pas- 

^  sage-beds. C  Kiltorcan  beds. 
I  Old  Eed  Sandstone  and  Conglo- 
[  merate. 

North  Devon. 
Carboniferous  Limestone. 
Barnstaple  beds. 

(Pilton
  beds. 

Baggy  and  Marwood 
 
beds- 

( Cucullcsa-
zowQ). 

Upcot  beds  ? Pickwell-Down  Sand- 
stone. 

Prof.  Hull  then  enters  minutely  into  the  question  of  the  equiva- 
lency and  relationship  of  the  North-Devon,  Lower  and  Middle 

Devonian  series  to  beds,  if  any,  in  the  South-Irish  area.  The  Irish 
Upper  Old  Red  Conglomerate  does  not  appear  to  have  had,  in  that 
area,  any  immediate  predecessor ;  and  Mr.  Hull  suggests  and  con- 

tends that  the  unconformity  between  the  Gleugariff  beds  and 
the  Old  Eed  or  Carboniferous  beds  proves  that  certain  strata  are 
absent  or  were  never  deposited  over  the  South-Irish  area.  If  Mr. 
Hull's  correlation  be  correct,  it  may  possibly  follow  that  the  Middle 
and  Lower  Devonian  of  North  Devon  may  occupy  the  place  of  the 
missing  strata  in  the  south  of  Ireland.  Furthermore,  Mr.  Hull 
regards  the  Foreland  grits  and  slates  (the  base  of  the  North-Devon 
beds)  as  representing  in  part  the  Glengariff  beds,  which  he  believes 
to  be  of  Upper  Silurian  age.  The  Foreland  grits  and  sandstones,  the 
recognized  base  of  the  Devonian  rocks  in  Devonshire,  Mr.  Hull  would 
correlate  with  the  uppermost  Silurian  or  Passage-group  of  Sir  E.Mur- 
chison;  and  he  also  infers  that  the  great  gap  which  appears  to  exist 
in  Ireland  between  the  Glengariff  beds  and  the  succeeding  Old  Eed 
Sandstone  and  Carboniferous  series  was  filled  up  in  North  Devon  by 
the  Mortehoe  slates,  the  Ilfracombe  series,  and  the  Lynton  beds,  or  all 
the  strata  that  exist  between  the  base  of  the  Pickwell-Down  Sand- 

stones and  the  top  of  the  Foreland  grits.  Mr.  Hull's  views  as  regards 
the  representative  beds  in  the  south  of  Ireland,  North  Devon,  and 
Belgium  are  carefully  tabulated  on  p.  266  of  the  1  Quarterly  Journal  of 
the  Geological  Society,' vol.  xxxvi.,  1880,  the  relations  of  each  group 
being  given.  The  Belgian  and  Boulonnais  sections  are  also  referred 

to  and  tabulated.  Scotland,  through  Geikie's  latest  memoir  (Zoc. 
cit.),  is  compared  with  both  areas,  Devon  and  North  and  South  Ire- 

land. On  page  273  is  also  given  a  table  of  representative  forma- 
tions for  Ireland,  North  Devon,  South  Wales,  Scotland,  and  Belgium. 

These  two  contributions,  by  Professors  Geikie  and  Hull,  to  the  his- 
tory of  the  Old  Eed  and  Devonian  rocks  of  Scotland,  Ireland  in 

part,  and  North  Devon  have  materially  added  to  our  knowledge  of 
their  physical  history  and  condition. 

The  distribution  of  the  49  or  50  genera  and  125  species  of  fish 
through  all  the  known  deposits  of  Old  Eed  in  the  British  Islands 
seems  to  result  in  there  being  no  middle  fish-bearing  group,  either 
in  England,  Scotland,  or  Ireland.  Only  2  genera  and  2  species  are 
regarded  as  Middle  Old  Eed,  Eucejphalaspis  (Cephalaspis)  Agassizi, 
Lank.,  and  Holojptychius  Murchisoni,  Ag. ;  but  it  would  hardly 
appear  that  these  two  species  are  rightly  placed  stratigraphically. 
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On  palceontological  grounds  this  fully  confirms  the  most  recent  re- 
searches relative  to  the  absence  of  the  Middle  Old  Red  Sandstone 

in  Scotland  and  Ireland,  and  probably  in  the  Welsh  area  also. 
8  genera  and  12  species  of  Elasmobranchii  (Placoidei)  range 

chiefly  through  the  Lower  Old  Red — many  with  only  1  representa- 
tive, viz.  Byssacanthus,  Oonchodus,  Qosmacanihus,  Ctenacanthusf 

OtenoptycJdus,  and  Paregcus  ;  also  Onchus  with  4  and  Ptychacanthus 
with  2  species.  The  remaining  114  species  represent  9  families  and 
41  genera,  all  Ganoidei : — 

Genera. 
Species. 1. .  2 2 

2. 3 10 

3*
. 

15 
40 

4. 
,   ,  1 4 

5. ,  .  .  8 

23 

(3. 3 9 

7. 
,  2 2 

8. 1 1 
0. ,  , .  6 

23 

41 
114 

The  Lower  Old  Red  is  represented  by  36  genera  and  85  species, 
and  the  Upper  by  15  genera  and  25  species ;  and  I  know  of  no 
species  that  is  common  to  the  Old  Red  Sandstone  proper  and  the 
Carboniferous  group  above. 

Those  genera  that  seem  to  specially  characterize  the  Upper  Old 
Red  Sandstone,  chiefly  Scotch,  are  Actinolepis,  Asterolepis,  Boihrio- 
lepis,  Cosmacanthus,  DendrodusfGlyptolcemus,  Glyptopomus,  Holopty- 
cldus  (some  species),  Homothorax,  Lamnodus,  Pamphr  actus,  Phanero- 
pleurus,  and  Phyllolepis* .  The  2  genera  (?)  and  2  species  (?)  in  the 
so-called  Middle  Old  Red  tend  also  to  show,  through  physical  re- 

search, that  no  such  grouping  exists. 
56  genera  and  150  species,  other  than  British,  have  been  recog- 

nized in  Europe  and  America,  but  are  allied  through  about  40 
genera,  or  that  number  is  common  to  all  three  areas,  America,  the 
British  Islands,  and  Europe. 

Of  the  entire  British  Devonian  and  Old  Red  fauna  (544  species) 
we  have  seen  that  32  genera  and  51  species  pass  to  the  Carboniferous. 
I  give  the  number  of  species  in  the  classes  that  connect  the  two 

epochs : — 

*  Dr.  Traquair  is  now  engaged  in  carefully  revising  and  describing  the 
Ganoid  fishes  of  the  Old  Red  Sandstone.  They  could  not  be  in  better  hands  ; 
few  men  are  so  competent  to  undertake  so  large  a  task.  Many  names  are  only 
provisional. 
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Genera.  Species. 
2 2 

1 
1? Ecbinodermata  3 6 

Annelida  ....  none. 
Crustacea  1 1 

Bryozoa   4 4 
10 16 
4 5 

'j 

3 5 

1 2 
3 9 

  none. 

32 
51 

It  will  be  seen  that,  out  of  the  51  species,  the  two  large  connect- 
ing groups  are  the  Brachiopoda  and  the  Cephalopoda. 

Professor  Hull,  in  May  1880,  communicated  a  paper  to  the  Royal 
Dublin  Society  "  On  the  Relations  of  the  Carboniferous,  Devonian, 
and  Upper  Silurian  Rocks  of  the  South  of  Ireland  and  those  of 

North  Devon"* ;  and  although  resembling  his  previous  paper  "  On 
the  Geological  Relation  of  the  Rocks  of  the  South  of  Ireland  to  those 

of  North  Devon  &c,"  it  treats  of  the  subject-matter  in  a  different 
light.  Prof.  Hull  enters  more  into  the  palseophysical  geography  of 
the  south  of  Ireland  and  North  Devon,  as  indicated  by  the  relation 
of  the  formations  and  areas  respectively.  In  the  south-west  of 
Ireland,  north  and  south  of  Dingle  Bay,  the  rock-groups  which  rise 
into  high  elevations  belong  to  the  Dingle  beds  or  Glengariff  grits  and 
slates  of  Professor  Jukes.  The  lowest  beds  of  the  Dingle  promontory 
do  not  reach  the  surface  amidst  the  mountain-ranges  to  the  south  of 
Dingle  Bay. 

The  Glengariff  beds  may  measure  about  10,000  feet  in  thickness. 
There  is  a  total  absence  of  the  Old  Red  Sandstone  at  the  base  of  the 
Carboniferous  beds  f .  Contortions  in  the  Glengariff  beds  are  of  earlier 
date  than  the  deposition  of  the  Old  Red  Sandstone  or  Carboniferous 
beds ;  this  therefore  implies  that  between  the  Glengariff  beds  and 
the  Old  Red  Sandstone  there  is  a  vast  amount  of  wanting  strata, 
indicative  also  of  unrepresented  time— in  other  words,  a  wide  gap 
and  ̂ prolonged  interval  of  time  actually  separates  the  two  formations. 
It  is  the  representation  or  filling  up  of  this  gap  that  Prof.  Hull  en- 

deavours to  show  through  the  uninterrupted  sequence  in  the  Middle 
and  Lower  Devonian  beds  of  North  Devon,  or  through  the  whole 
series  from  the  lowest  Devonian  up  to  the  base  of  the  Carboniferous 

*  Proc.  Royal  Dublin  Soc.  vol.  i.  new  series,  1880,  pp.  135-150. 
t  Hull,  "  On  the  Geological  Age  of  the  Rocks  forming  the  Southern  High- 

lands of  Ireland,"  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  p.  699  et  seq.  (1879). 
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formation  in  that  area.  In  no  other  district  do  we  find  evidence  to 
account  for  such  loss,  or  beds  that  can  be  correlated  with  those  of  the 
south  of  Ireland.  Mr.  Hull  tabulates  the  succession  of  the  Carboni- 

ferous and  Devonian  rocks  of  North  Devon  and  the  south  of  Ireland, 
and  endeavours  to  show  their  relation  and  probable  contempo- 

raneity as  follows*  : — 

The  above  table  is  probably  the  true  reading  of  the  areas  under 
notice.  This  table  is  followed  by  a  concise  description  of  the  North- 
Devon  formations  and  their  fossils,  in  descending  order,  from  the 
Carboniferous  series  south  of  Barnstaple  to  the  Foreland  grits.  It 
is  worthy  of  attentive  study  ;  and  Mr.  Hull  has  marked  with  an 
asterisk  the  identification  by  Mr.  Baily  of  those  species  also  occurring 
in  the  Carboniferous  and  Coomhola  beds  of  the  south  of  Ireland, 
thus  showing  still  further,  on  palseontological  grounds,  the  rela- 

tionship between  the  now  separated,  but  probably  once  united, 
areas. 

Mr.  Hull's  views  "  that  the  missing  chapter  between  the  Silurian 
and  the  Carboniferous,  in  the  palacontological  history  of  Ireland,  is 

supplied  by  the  rocks  of  Devonshire  with  their  marine  organisms  "  is 
probably  near  the  truth  ;  and  the  proportions  assumed  in  the  geolo- 

gical series  by  the  Devonian  rocks  "  offers  a  solution  to  one  of  the 
problems  of  Irish  geology." 

Professor  Hull  enters  into  geographical  considerations  of  a  minute 
character,  to  which  I  must  refer,  and  which  bear  significantly  upon 
the  relative  changes  of  sea  and  land  from  the  Silurian  to  the  close  of 
the  Carboniferous  period.  The  successive  phases  of  the  physical 
conditions  are  given  through  four  diagrams  of  the  British  Islands  on 
plate  v.,  which  show  the  relations  of  land  and  sea,  or  elevation  and 
depression. 

He  believes  that  there  is  only  one  true  Old  Red  Sandstone  in  North 
Devon,  which  is  represented  by  the  Pickwell-Down  Sandstone,  and 
that  the  Upper  Old  Eed  of  Scotland  and  Ireland  is  not  the  equivalent 
of  the  Devonshire  marine  Devonian  strata,  which  are  newer  and 

North  Devon.  South  of  Ireland. 

(  Earthy  limestones,  with  Posidono-    Carboniferous  limestone. 

•  Hfracombe  limestone  group.  |  Strata  absent  over  the  area 
I  Hangman  grits  (Martinhoe  beds),  f    in  the  south  of  Ireland. 
j^in-un  oiiciieo  anu.  ±111100 bunco. 
Foreland  grits  (base  invisible).       Glengariff  beds,  passing 

down  into  the  Upper 
Silurian  beds. 

*  Hull,  loo.  cit  p.  "144. 
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higher.  If  Prof.  Geikie  is  right  in  saying  that  the  Scotch  Old  Red 
Sandstone  represents  the  Irish  Glengariff  beds,  then  Prof.  Hull  may 
be  right  in  concluding  that  the  Scotch  beds  are  the  lacustrine  equi- 

valents in  time  of  the  marine  uppermost  Silurian  strata,  the  Upper 
Scotch  Old  Hed  being  the  equivalent  of  the  same  in  Ireland. 

Table  XV. — Devonian. 

Classes. 

Plantae   
Protozoa   

Hydrozoa. 
Actinozoa  
Echinodermata  
Annelida   
Crustacea   

Polyzoa  
Brachiopoda  
Lamellibranchiata 

Gasteropoda  
Pteropoda. 
Heteropoda   

Cephalopoda  
Pisces   

12 

3 

24 10 

2 

20 
7 26 

20 
13 

2 
6 

50 
195 

52 

24 
2 

37 

11 116 

39 
45 

60 125 

544 

Contents  :  195  genera,  544  species. 
Pass  to  Carboniferous  :  32  genera,  51  species. 

Carboniferous  System. 

"We  must  go  back  beyond  the  present  decade  for  new  matter 
bearing  upon  the  history  and  distribution  of  the  British  Carboni- 

ferous species — not  that  any  significant  change  has  taken  place  in 
the  nomenclature  or  division  of  the  groups,  but  speculative  and 
philosophical  views  have  been  propounded  by  many  authors  upon 
the  distribution  and  redistribution  of  the  Carboniferous  land- 
surfaces  and  their  relation  to  still  older  areas.  No  one  has  con- 

tributed more  than  Professor  Hull  to  the  elucidation  of  the  Carbo- 
niferous strata  in  England,  Scotland,  and  Ireland.    This  is  notably 

VOL.  XXXVII.  p 
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the  case  with  his  paper  on  iso-diametric  lines  representing  the  distri- 
bution of  sedimentary  strata  as  distinguished  from  calcareous  strata 

with  reference  to  the  Carboniferous  rocks  of  Britain*,  also  his  paper 
upon  the  evidence  of  a  ridge  of  Lower  Carboniferous  rocks  crossing 

the  plain  of  Cheshire  beneath  the  Trias  &c.t  Another  and  equally- 
important  communication  was  brought  by  him  before  the  Society 
"  On  the  Thickness  of  the  Carboniferous  Rocks  of  the  Pendle  Eange 
of  Hills  in  Lancashire,  illustrating  the  author's  views  regarding  the 
South-easterly  Attenuation  of  the  Carboniferous  Sedimentary  Strata 
of  the  North  of  England  "J.  This  was  followed  by  another  paper 
entitled,  "  Observations  on  the  Relative  Ages  of  the  leading  Physical 
Features  and  Lines  of  Elevation  of  the  Carboniferous  District  of  Lan- 

cashire and  Yorkshire"  §.  Prof.  Hull  again  in  1876  still  further 
enriched  the  literature  of  the  Carboniferous  system  through  a  valuable 

and  exhaustive  paper  "  On  the  Upper  Limits  of  the  essentially  Marine 
Beds  of  the  Carboniferous  Group  of  the  British  Isles  and  adjoining 
Continental  Districts,  with  Suggestions  for  a  fresh  Classification 

of  the  Carboniferous  Series  "  ||.  I  consider  these  contributions  of  Mr. 
Hull  of  the  highest  importance,  as  bearing  upon  theoretical  geology, 
and  tending  to  excite  us  to  closer  research  and  broader  views  as  to  the 
physical  geography  and  distribution  of  life  during  the  Carboniferous 
period — certainly  one  of  the  most  prolific  during  Palaeozoic  times, 
governed  by  the  distribution  of  land  and  water  or  their  relations  one 
to  the  other,  under  marine,  estuarine,  and  freshwater  conditions. 

The  nature  of  sediments,  whether  physical  (such  as  inorganic 
sandstones,  clays,  and  shales)  or  organic  (as  calcareous  marine  or 
freshwater  limestones  and  their  relation  to  life  during  deposition), 
has  hardly  received  the  attention  it  demands.  Little  has  been 
written  relative  to  these  since  Dr.  Bigsby,  in  his  memorable  papers 
in  1858-59,  entered  into  the  history  and  nature  of  the  sediments 
laid  down  over  the  sea-bottoms,  and  the  immediate  relations  of 
animal  life  to  the  strata  which  the  fossil  remains  now  occupy.  He 
made  comparisons  of  the  State  of  New  York  and  Wales  for  obvious 
reasons.  Bigsby  showed,  through  his  elaborate  researches,  that, 
owing  to  a  determinate  law  (with  few  exceptions),  the  accumulated 
"  sediments  graduate  into  each  other,  clearly  seen  in  Wales,  Scan- 

dinavia, Russia,  and  America  "  The  change  in  sedimentation  usually 
takes  place  slowly  and  tranquilly,  and  the  majority  of  life  in  the 
uppermost  or  terminated  section  perishes,  thus  showing  that  destruc- 

tion or  change  can  take  place  without  any  marked  disturbing  force. 
This  is  perhaps  more  manifest  in  the  accumulation  of  the  Carbonife- 

rous strata  throughout  Britain  than  probably  in  any  other  formation. 
The  marked  difference,  yet,  on  the  whole,  agreement  between  the 
Scotch  and  border  formations,  or  the  Calciferous  Sandstone,  north  of 

*  "  On  Iso-diametric  Lines  as  means  of  representing  the  Distribution  of 
Sedimentary  Clay  and  Sandy  Strata  as  distinguished  from  Calcareous  Strata, 
with  Special  Reference  to  the  Carboniferous  Rocks  of  Britain."  Quart.  Journ. 
Geol.  Soc.  vol.  xviii.  pp.  127-146  (1862). 

t  Loc.  cit.  vol.  xxix.  p.  171.  \  Loc.  cit.  vol.  xxiv.  p.  319. 
§  Loc.  cit.  vol.  xxiv.  p.  223  (1868). 
I  Loc.  cit.  vol.  xxxii.  pp.  613-651  (1876). 
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the  Cheviots  to  the  latitude  of  Burnt  Island,  and  those  same  strata 
south  of  the  Tweed  to  the  latitude  of  Harbottle  and  on  towards 
Rothbury  &c.,  would  seem  to  be  due  to  comparatively  small  changes 

of  conditions ;  and  from  the  mapping  by  the  Survey,  Prof.  Hull's  sug- 
gestion as  to  the  origin  of  and  difference  between  the  calcareous  and 

true  sedimentary  or  argillo-arenaceous  strata,  especially  as  exhibited 
in  the  Upper  Silurian,  Devonian,  and  Carboniferous  formations,  appear 
to  be  confirmed.  Mr.  Hull  regards  the  true  calcareous  strata  as  dif- 

ferent in  origin  and  distribution  from  the  other  stratified  rocks  with 
which  they  are  associated, — not,  indeed,  properly  coming  under  the 
term  sedimentary,  this  term  being  restricted  to  "gravels,  sandstones, 
shales,  and  clays,"  the  presence  of  both  classes  of  rock  in  the  same 
geological  group  being  no  argument  in  favour  of  their  similarity. 
Whenever  interstratifications  occur  the  limestones  may  be  regarded  as 
occupying  neutral  ground  between  the  respective  areas  of  dispersion 
of  the  sedimentary  series.  Could  it  be  possible  to  trace  the  sources  of 

the  "sedimentary"  strata  of  any  formation  on  the  one  hand  and  of  the 
limestones  on  the  other,  they  would  be  found  expanding  in  opposite 
directions,  this  arising  from  the  difference  in  the  origin  of  the  two 
classes  of  stratified  rocks,  the  calcareous  being  essentially  organic  and 
the  sedimentary  essentially  mechanical.  We  may,  I  believe,  regard 

the  predominance  of  "  sedimentary  strata  "  as  highly  unfavourable 
to  the  development  of  calcareous  deposits  in  the  same  group  of 
rocks,  from  the  fact  of  interference  with  the  development  of 
life. 

Looking  at  the  physical  geology  of  Britain  prior  to  the  deposition 
and  distribution  of  the  Carboniferous  strata  it  is  probable  that  "  a 
barrier  of  land  existed,  stretching  from  Wales  eastwards,  touching 
the  southern  ends  of  the  South-Staffordshire  and  Warwickshire 

coal-fields,  and  including  the  Cambrian  rocks  of  Charnwood  Forest." 
This  barrier  Prof.  Hull  believes  was  possibly  an  extension  of 
the  Scandinavian  promontory,  stretching  across  the  Irish  Sea  to 
embrace  the  Cambro-Silurian  districts  of  Wicklow  and  Carlow,  and 
dividing  the  Carboniferous  rocks  of  South  Wales,  Somersetshire,  and 
Dean  Eorest  from  the  coal-tracts  of  Central  and  Northern  England 
and  Scotland,  the  strata  on  each  side  belonging  to  two  distinct 

systems  of  distribution ;  and  their  origin  is  therefore  "  due  to  two 
different  sets  of  oceanic  currents  "  (Hull). The  correlation  of  the  Carboniferous  rocks  of  Britain  and  Ireland 
is  even  now  a  matter  of  difficulty  and  of  difference  amongst 
those  best  able  to  decide.  Even  the  continuous  series  between 
England  and  Scotland  from  the  Calciferous  Sandstones  of  Eife, 
south  of  the  Cheviot,  to  the  Yoredale  series  of  Durham  are  most 
difficult  to  correlate — much  that  has  been  called  Carboniferous  Lime- 

stone being  calciferous  in  one  area  and  even  Yoredale  in  the  other. 
The  literature  of  the  whole  question  is  scanty  and  unsatisfactory 
in  the  extreme  ;  and  in  the  construction  of  my  Tables  these  dif- 

ficulties have  met  me  everywhere.  The  wide  difference  that  exists 
in  the  mode  of  derivation  and  accumulation  of  the  materials  com- 

posing the  sedimentary  series  of  the  northern  and  southern  groups, 
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as  well  as  their  zoological  differences,  are  matter  for  much  research. 
Materials  have  not  long  heen  obtained  whereby  we  may  institute 
comparisons  between  the  different  members  even  of  the  British 
group  of  Carboniferous  rocks,  setting  aside  our  intimate  connexion 
on  the  one  hand  with  the  European,  and  on  the  other  with  that  of 
the  American  continent,  especially  New  Brunswick  and  Nova  Scotia, 
whose  relation  to  Scotland  through  the  Coal-measures  can 
hardly  be  doubted.  Those  beds  which  overlie  the  Carboniferous 
Limestone  in  the  south  of  Ireland  have  hardly  yet  had  assigned 
to  them  their  true  place  by  correlation  with  those  of  England; 
neither  has  it  been  satisfactorily  settled  what  is  the  precise  strati- 
graphical  commencement  of  the  Lower  Carboniferous  series  of  the 
North-Devon  area,  or  where  the  line  should  be  drawn  between  the 
Upper  Devonian  and  Lower  Carboniferous.  Both  horizons  are 
fossiliferous,  and  it  is  only  in  the  south  of  Ireland  that  we  have 
similar  conditions,  or  where  a  comparison  can  be  instituted  be- 

tween the  two.  Again,  as  regards  the  Coal-measure  "  shales  and 
flags  "  immediately  overlying  the  Carboniferous  Limestones  of  the 
south  of  Ireland,  there  can  be  no  doubt  that  they  represent  the 
Millstone  Grit  of  the  English  Coal-fields.  This  was  the  opinion  of 
the  late  Professor  Jukes,  who,  in  the  explanatory  memoir  to  sheet 

No.  137  of  the  Irish  Geological  Survey  maps,  says,  "  Doubtless  the 
whole  of  the  Coal-measure  series  of  Central  Ireland  is  contempo- 

raneous with  the  lower  part  only  of  that  of  Central  England,  in- 
cluding the  Millstone  Grit  in  that  lower  part."  Prof.  Hull  also 

doubts  not  that  through  the  identification  of  the  Gannister  beds  in 
the  Leinster  Coal-field,  which,  in  the  north  of  England,  overlie 
the  Millstone  Grit,  that  contemporaneity,  to  a  large  extent,  occurs 
between  the  English  and  Irish  Carboniferous  beds,  and  this  especially 
on  physical  grounds. 

Through  the  close  research  of  the  Irish  Survey  in  the  Leinster 
and  Munster  Coal-fields  they  are  now  enabled  to  trace  out  and 
distinguish  four  divisions  : — 1,  the  Yoredale  beds  ;  2,  the  Millstone 
Grit ;  3,  the  Gannister  beds  ;  and  4,  the  Middle  Coal-measures  as 
determined  in  England.  Hitherto  they  have  simply  been  classed 

under  the  general  term  "  Coal-measures." Professor  Hull  endeavours  to  show  to  what  extent  the  British 
Carboniferous  rocks  have  their  representatives  in  Ireland ;  and  he 

also  proposes  to  establish  a  "Middle  Carboniferous  series,"  which 
shall  include  all  the  strata  lying  between  the  Carboniferous  Lime- 

stone and  the  Middle  Coal-measures,  including  the  Yoredale  beds, 
Millstone  Grit,  and  Gannister  beds.  Mr.  Hull  is  careful  to  impress 
upon  us  the  fact  that  the  Yoredale  beds  of  Ireland  are  more  inti- 

mately associated  with  the  Millstone  Grit  and  Gannister  beds  than 
with  the  Carboniferous  Limestone ;  hence  his  reason  for  proposing 
the  new  classification.  In  England  the  Yoredale  beds  are  most 
closely  allied  to  the  Carboniferous  Limestone,  upon  which  they  con- 

formably rest. 
Mr.  Hull  minutely  describes  the  main  features  of  the  Southern 

and  Northern  Irish  Coal-districts  and  their  subordinate  Coal-fields. 
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In  the  southern  coal-fields  of  Carlow,  Queen's  County,  Kilkenny,  &c. the  succession  of  the  strata  above  the  Carboniferous  Limestone  is 
remarkably  uniform  and  constant ;  any  one  may  be  taken  as  the 
type  of  the  whole,  having  reference  to  an  English  standard  for 
comparison  *. 

The  Northern  Coal-district  in  Ireland  includes  the  Leitrim  and 
Tyrone  Coal-fields,  which  are  representative  of  the  southern  in  all 
their  successive  beds  and  stages.  Isolated  geologically  occurs  the 
Ballycastle  Coal-field  of  Co.  Antrim,  the  Irish  representative  of  the 
Clyde  Coal-basin,  of  Lower  Carboniferous  age,  a  conclusion  estab- 

lished and  confirmed  through  its  fauna.  The  Carboniferous  Lime- 
stone here  is  only  a  few  feet  in  thickness,  its  place  being  taken  by 

sedimentary  or  mechanical  deposits.  This  is  paralleled  in  North 
Britain ;  but  the  same  beds  thicken  to  the  south-west  in  Derbyshire 
and  attain  a  thickness  of  5000  feet  of  solid  limestone. 

The  English  and  Scotch  Carboniferous  districts  and  their  respective 
coal-fields  receive  from  Prof.  Hull  terse  but  careful  analysis  in  his 
paper,  each  coal-field  being  divided  into  recognized  stages  varying 
from  A-G,  or  from  the  Calciferous  Sandstone  series  of  the  Scottish 
beds  (A)  to  the  Upper  Coal-measures  of  any  coal-field  (G). 

I  deem  it  important  for  my  analysis  of  the  Carboniferous  system 
to  state  concisely  the  subdivisions  or  stages  into  which  they  are 
divided.  I  adopt  the  classification  clearly  given  by  Professor  Hull, 
which  is  mainly  that  of  the  English,  Scotch,  and  Irish  surveys.  I 
omit  the  physical  characters  of  the  beds,  reference  to  his  paper  being 
better  f . 

The  British  Carboniferous  Series  in  descending  order,  with 
localities. 

Essentially 
Freshwater 

and 
Estuarine 

Beds. 

Names  of  Formations. 

'  Stage  G.  Upper  Coal-measures. Thin  coal-seams  and  lime- 
stones. 

Fossils  (freshwater  or  ma- 
rine) :  Fish ;  Crustacea, 

Cy there  inflata ;  Annelida, 
Spirorbis  carbonarius. 

Stage  F.  Middle  Coal-mea- sures.   Thick  coals. 
Fossils  (freshwater  or  es- 

tuarine) :  Fish ;  Mollusca, 
Anthracosia,  Anthraco- 
mya ;  Crustacea,  Beyri- 
chia,  Esther 'ia  ;  Annelida, 
Spirorbis.  Marine  species 

Localities. 
Manchester,  Stoke-on-Trent, 

JSewcastle-under-Lyne,  S. 
part  of  Dudley  Coal-field  ; banks  of  the  Dee  near 
Ruabon ;  Hamilton  and 
Ayrshire,  Scotland. 

Central  portions  of  all  the  coal- 
fields of  England  and  Wales  ; 

Upper  Coal-measures  of Scotland. 

*  Prof.  Hull  describes  the  Castlecomer  and  Killenaule  Coal-fields.  Vide 
explanations  of  Sheets  136  and  137  of  maps  of  the  Geological  Survey  of  Ireland ; 
also  the  Slieveardagh  Coal-field,  Co.  Tipperary. 

t  Quart.  Journ.  Geol.  Soc.  vol.  xxxiii.  pp.  613-616. 
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British  Carboniferous  Series  Sfc.  (continued). 

Essentially 
Marine. 

Names  of  Formations. 
E.  Gannister  Beds,  or 

Lower  Coal-measures. 
Thin  coals  with  hard  sili- 

ceous floors ;  flagstones 
and  shales. 

Fossils  (marine) :  Fish  (mi- 
gratory) ;  Mollusca,  Goni- atites,  Discites,  Orthoceras, 

Posidon  omya ,  Monotis,Avi- 
culopecten,  Anthracosia, 
Lingula,  &c. 

Stage  D .  Millstone-  Grit  Series. 
Coarse  grits,  flagstones, 
and  shales,  a  few  thin 
coal-seams. 

Fossils :  similar  to  those 
of  the  Lower  Coal-mea- 

C.  Yoredale  Series. 
Shales  and  grits,  passing 
down  into  dark  shales 
and  earthy  limestones. 

Fossils  (marine) :  including 
Goniatites,  Aviculopecten, 
Ctenodonta,  Chonetes, Discina, 
Productus,  &c. 

Essentially 
Marine 
(except 
Stage  A 

in 
Scotland). 

( Stage  B.  Carboniferous  Lime- stone. Massive  limestone 
in  many  beds  with  inter- 

vening shales  and  grits 
(thick  in  the  south,  thin 
in  the  north). 

Fossils :  Fish,  Crustacea, 
Crinoids,  Corals,  &c. ;  all 

■{  marine. 
~:age  A.  Lower  Limestone Shale  and  Calciferous 

Sandstone.  Dark  shales 
in  some  places ;  grits, 
conglomerates,  and  red 
sandstone  and  shales  in 
the  northern  districts. 

^    Fossils  (marine). 

Basis.  Upper  Old  Fed  Sand- stone. Yellow  sandstones 
and  conglomerates. 

Fossils  (freshwater) :  not 
well  represented  in  Eng- land. 

Localities. 

South  Lancashire,  North  Staf- 
fordshire, North  and  South 

Wales. 

Uplands  of  Yorkshire,  Lanca- 
shire, and  Derbyshire,  N. 

Staffordshire,  and  N.  and 
S.  Wales. 

Uplands  and  valleys  of  Lanca- 
shire, Yorkshire,  Derby- 

shire, North  Staffordshire, 
Wales,  &c. 

North  and  South  Wales,  Derby- 
shire, Yorkshire,  Cumber- 

land ;  in  Scotland  the 
Lower  or  Main  Limestone. 

>uth  Wales,  Gloucestershire 
and  Somersetshire,  Nor- 

thumberland and  Durham ; 
in  Scotland,  Calciferous 
Sandstone  series. 

South  Wales,  Northumberland, 
Scotland  (Dura  Den),  Ire- 

land (Kiltorcan). 

The  above  stages  contain,  in  all,  about  500  genera  and  2400 
species.  I  purpose  showing  their  numerical  value  and  relation  one 
to  the  other  in  the  passage  of  the  species  through  the  8  horizons 
or  stages  to  the  close  of  the  Carboniferous  period.  The  connexion 
of  the  Permian  rocks  with  the  Carboniferous  is  not  an  easy  task, 
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small  as  the  fauna  is  known  to  be ;  but  I  shall  reserve  this  as  the 
basis  of  my  next  address,  if  permitted  to  do  so. 

The  recent  work  of  the  Geological  Survey  has  proved  that  the 
greater  part  of  the  Calciferous  Sandstone  of  Scotland  is  the  equivalent 
in  time  of  the  true  Carboniferous  Limestone  of  England.  Most  of 
the  Carboniferous  Limestone  of  Scotland  is  the  equivalent  in  time 
of  the  Yoredale  rocks  of  Yorkshire ;  so  also  is  most  of  that 
part  of  the  Carboniferous  Limestone  series  of  Northumberland 
from  which  lists  of  fossils  have  been  published.  In  fact  the  terms 
Calciferous  Sandstone,  Lower  Limestone  Shales,  Carboniferous 
Limestone,  and  Yoredale  Bocks  must  really  be  regarded  as  repre- 

senting conditions  of  depth  and  deposit,  and  not,  when  comparing 
different  areas,  as  representing  relative  age.  I  have  had  great 
difficulty  in  dealing  with  the  Yoredale  species,  as  well  as  those 
from  the  Lower  Limestone  Shales,  arising  from  the  terms  "  Lower 
Limestone"  of  the  north  of  England  and  Scotland  and  Lower 
Limestone  Shale  of  the  South-west  of  England  and  South  Wales  not 
being  always  applied  to  the  same  horizons  by  different  authors. 
Physically  in  South  Wales,  Gloucestershire,  and  Somersetshire  they 
can  be  definitely  traced  and  mapped,  carrying  with  them  an  unmis- 

takable suite  of  fossils,  differing  essentially  from  the  Great,  or  Scaur, 
or  Carboniferous  Limestone  above ;  entirely  destitute  of  many 
zoological  groups,  especially  the  compound  Actinozoa,  the  Bryozoa, 
and  the  Cephalopoda ;  abounding  in  fish-remains,  chiefly  Placoidei 
(teeth  and  spines). 

The  comparison  of  the  Northumberland,  Durham,  Yorkshire, 
and  Lancashire  rocks  amongst  themselves,  and  further  correlation 
with  the  Scotch  series,  has  yet  to  be  effected ;  but  the  three  groups 
in  the  table  at  p.  226  (viz.  the  Lower  Limestone  shales,  the  Carbo- 

niferous Limestone,  and  the  Yoredale  rocks)  present,  as  nearly  as 
possible,  the  census  of  species  as  now  received  and  recorded. 

In  the  Pendle  and  Clitheroe  area  the  Yoredale  rocks  are  of  great 
thickness,  3000—4000  feet ;  they  are  scarcely  represented  in  Scotland, 
although  so  near;  whilst  the  great  or  "  Scaur-limestone"  of  Derby- 

shire is  represented  in  Northumberland.  The  probable  arrangement 
and  agreement  of  the  North-of-England  and  Central-Scottish  stages 
have  been  arranged  or  correlated  by  Mr.  Hull,  through  a  tacit 
agreement  with  Professor  Geikie  and  Mr.  Lebour,  both  on  strati- 
graphical  and  palaeontological  grounds.    The  stages  are  as  follows  : — 

North  of  England.  Central  Scotland. 
Stages  E.    Gannjster  beds.  E.    Slaty-black-band  series. 

D.    Millstone  Grit.  D.    Moorstone-rock  series. 
f  "  Great  Limestone."  [  Upper  Limestone  series. 

^  J  p  )     (Yoredale  beds.) 
'  1  Flagstone  and  Shales.  1  Lower  Coal-and-Ironstone 
|_  |_  series. 

B.    "  Scaur-Limestone  series."         B.    Lower  Limestone  series. 

A.  {  S7<eT^diaan '6)nt'  }  A"    Calciferous  Sandstone  series. 
Mr.  Lebour,  in  corroboration  of  this,  compared  lists  of  fossils  from 

the  "  Great  Limestone  "  of  Northumberland  ("  the  most  marked 
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Yoredale  bed v )  with  the  prepared  Scotch  list,  and  found  that  32 
species  were  not  known  in  Scotland,  and  that  about  60  species  ran 
through  or  were  common  to  the  three  Scotch  divisions,  and  also 
that  28  were  found  in  the  Scotch  upper  and  middle  series  only,  10 
being  found  only  in  the  lower  series.  This  community  of  28  species 

corroborates  Mr.  Hull's  views,  who  believes  that  geographical  posi- 
tion, through  an  interposed  Silurian  barrier,  separated  the  Scotch 

and  English  marine  areas.  There  can  be  no  doubt  also  that  over 
the  whole  of  the  north  of  England  and  the  borderland  of  Scotland 
shallow-sea,  estuarine,  and  land  conditions  largely  prevailed  during 
the  earlier,  if  not  the  middle,  Carboniferous  stages.  It  is  by  such 
conditions  that  correlation  is  rendered  difficult  overextended  areas; 
and  only  by  patient,  long-continued  work  with  a  definite  end  or  pur- 

pose, changes  both  on  the  dip  and  strike  being  carefully  mapped 
or  recorded,  can  the  subdivision  of  one  region  be  actually  compared 
with  that  of  another.  It  is  from  this  want  of  uniformity  in  working 
that  various  horizons  are  adopted  for  the  same  beds  by  different 
authors,  and  that  ranges  of  fossils  are  made  to  differ  also.  A  very 

important  table  is  appended  to  Mr.  Hull's  paper,  giving  the  census 
or  known  fauna  and  vertical  range  of  the  marine  genera  and  species 
of  the  Gannister  beds  (stage  E).  All  these  species  are  embodied  in 
the  numerical  estimate  in  my  own  table.  36  genera  and  69  species 
are  enumerated  by  Mr.  Baily;  all  the  genera  aiid  40  species  ascend 
upwards  or  come  from  the  underlying  Carboniferous  Limestone. 
Mr.  Baily  determines  that  only  6  species  of  the  69  pass  to  Stages  F 
and  G.  They  are  Goniatites  Listeri,  G.  Looneyi,  Conularia  quadri- 
sulcata,  Aviculopecten  papyraceus,  Discina  nitida,  and  Productus 
scabricidus.  No  marine  shells  occur  in  the  Upper  Coal-measures  in 
the  table,  Sjpirorbis  carbonarius  and  Anthracosia  only  characterizing 
the  Stage  G.  Baily  also  states  that  18  species  are  peculiar  to  Stage 
E,  or  the  Gannister  beds  *. 

Professor  Hull  in  his  paper  gives  a  table  of  the  "  Continental 
equivalents  of  the  British  Carboniferous  divisions,"  and  a  table  also 
of  "  Representative  Carboniferous  formations,"  both  of  great  use  in 
classification.  A  fourth  table  is  added,  showing  the  vertical  range 
of  the  marine  genera  and  species  of  Stage  F  (Middle  Coal-measures). 

Plants. — Large  as  the  Devonian  flora  of  America  appears  to 
have  been,  it  bears  no  comparison  with  the  succeeding  Carboniferous 
group,  either  in  America,  Britain,  or  Europe.  95  genera  and 
about  320  species  constitute  the  whole  of  the  known  Devonian 
Plantse,  through  the  universality  of  their  distribution.  That  much 
of  the  Carboniferous  flora  was  derived  from  the  Devonian  is  evident. 
Of  the  84  British  Carboniferous  genera,  36  occurred  in  the  De- 

vonian, and  these  are  also  the  most  typical  or  marked  in  the 
Carboniferous  system. 

We  owe  our  chief  knowledge  of  the  Devonian  and  Carboniferous 
flora  of  North  America  to  Dr.  Dawson,  of  Montreal,  Yanuxem, 
Hartt,  Rogers,  Lesquereux,  Newberry,  and  others,  who  have  largely 
added  to  the  literature  of  the  fossil  flora  of  the  American  Continent. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxxiii.  pp.  613-651. 
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The  British  Devonian  flora  is  small,  including  only  12  genera  and 
18  species,  as  stated  in  the  Devonian  table.  The  American 
genera  and  species  of  the  Carboniferous  flora  number,  according  to  the 
published  lists  &c,  94  genera  and  695  species ;  and  the  European 
Carboniferous  flora,  including  the  British,  176  genera  and  1370 
species  ;  the  species  occurring  in  the  S  divisions  of  our  Carboniferous 
strata  number  339,  illustrating  84  genera.  The  stratigraphical 
distribution  is  as  follows  : — 

Calciferous  Sandstone  .... 
10  genera  and  12  s- Lower  Limestone  Shale   .  . 22 st 41 

Carboniferous  Limestone  .  . 

'. '.  13 

)j 

22 

?> 

none 
Millstone  Grit  10 » 

27 

51 jj 211 

34 

Ji 
128 

Upper  „   
33 

jj 

163 

Ten  genera  are  largely  represented  in  Britain,  and  contain  192 
species  out  of  the  339,  forming  the  whole  flora  :  they  are  Alethojoteris 
9  species,  AsUrophyllites  11,  Catamites  14,  Lepidodendron  21.  Lejoido- 
strobus  15  (but  for  the  number  given,  these  cones  of  Lepidodendron 
should  be  taken  as  that  genus  ;  probably  we  may  never  know  to  what 
species  of  Lepidodendron  all  these  Lepidostrobi  belong),  Xeirrojpteris 
23,  Pecopteris  28,  Sigillaria  27,  Sphenopteris  32,  TJlodendron  12.  All 
the  Alethopterides  are  from  the  Coal-measures.  The  Asterophyllites, 
with  two  exceptions  (A.  foliosus  and  A.  longifolia),  are  also  Coal- 
measure  fossils.  The  Catamites  range  from  the  Calciferous  Sandstone 
to  the  Upper  Coal-measures — 4  species,  C.  cannceformis,  Schloth., 
C.  cultranensis,  Haught.,  C.  dubius,  Artis,  and  C.  Lindleui,  Sternb., 
occurring  in  and  below  the  Carboniferous  Limestone ;  the  remaining 
10  are  Coal-measure  forms  and  mostly  belong  to  the  Lower  series. 
The  21  species  of  Lepidodendron,  with  5  exceptions,  are  all  from 
the  Coal-measures,  as  are  13  of  the  15  Lepidostrobi  :  2  species 
(L.  comosus,  L.  &  H.,  and  L.  variabilis,  L.  &  H. )  are  Lower  Limestone 
Shale  species.  With  one  exception  in  the  genus  Neuropteris  (JST. 
Loshii),  the  species  are  from  the  Coal-measures  ;  although  we  know 
that  N.  cordata,  X.  jiexuosa,  and  AT.  gigantea  are  MiUstone-Grit 
forms.  iSo  Pecopteris  is  known  below  the  Lower  Coal-measures  ; 
therefore  the  large  number  of  species  (28)  are  essentially  Upper 
Carboniferous.  Of  the  27  species  of  Sigillaria  only  2  occur  below  the 
Lower  Coal-measures,  viz.  S.  dichotoma,  Haught.,  and  S .pacing derma, 
Brongn.,  which  occur  in  the  shales  at  the  base  of  the  Carboniferous 
Limestone.  3  species  of  SjoJienojoteris  (S.  ajjinis,  S.  linearis,  and  S.  tri- 
foliata)  range  from  the  Calciferous  Sandstone  to  the  Coal-measures  ; 
4  others  (S.  bifida,  L.  &  H.,  S.  crassa,  L.  &  LL,  8.  elegans,  Brongn., 
and  S.  obovata)  occur  in  the  Carboniferous  shale  and  limestone ; 
the  remaining  25  species  irregularly  range  through  the  Lower, 
Middle,  and  Upper  Coal-measures.  TJlodendron  minus  and  U.  par- 
matum  range  from  the  Carboniferous  shale  to  the  Upper  Coal- 
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measures.  U.  Lindleyanum,  U.  majus,  and  U.  minus  are  the  Mill- 
stone-Grit species.  The  above  10  genera  were  selected  on  account 

of  their  being  largely  represented  specifically.  Eegarding  the 
distribution  of  the  Carboniferous  flora,  we  know  that  many  species 
occurring  in  Pennsylvania  and  Nova  Scotia  are  identical  with  Euro- 

pean and  British  species.  This  points  to  a  greater  similarity  and 
equality  of  climate  than  now  prevails,  and  also  to  the  possible  con- 

nexion of  the  coal-bearing  areas  of  Europe  with  that  of  America, 
either  by  continuous  land  or  by  groups  of  islands. 

It  is  difficult  in  all  cases  to  determine  from  the  often  somewhat 
vague  descriptions  of  authors  the  true  geological  horizon  of  the 
many  species  in  the  true  Coal-measures,  or  whether  they  are 
Upper,  Middle,  or  Lower  Coal-measure  forms.  Every  care,  however, 
has  been  taken  to  determine  this  when  possible,  not  only  for  the 
Plantae  but  for  the  whole  fauna  also. 

Protozoa  :  Spongida.  — The  10  genera  and  15  species  known 
are  confined  to  the  Carboniferous  Limestone  and  shales  below. 

The  genus  Palceacis  of  Haime  (1860)  now  embraces  Phillips's. 
Hydriopora,  M;Coy's  Astrceopora,  Seebach's  Palceacis,  and  the  genus 
Sphenopoterimn  of  Meek  and  Worthen.  The  3  British  species, 
P.  cuneiformis,  J.  Haime,  P.  cyclo stoma,  Phill.,  and  P.  obtusa,  Meek 
and  Worthen,  have  a  wide  geographical  range,  being  almost  uni- 

versally distributed  ;  but  none  of  the  10  genera  and  15  species  have 
occurred  above  the  Carboniferous  Limestone  in  any  area. 

Protozoa  :  Eoraminifera. — 14  genera  (11  belonging  to  the  Im- 
perforate and  3  to  the  Perforata),  with  48  species,  range  through  the 

lower  portion  of  the  Carboniferous  group,  but  none  have  yet  occurred 
higher  than  the  Yoredale  rocks,  where  7  genera  and  18  species  are 
found,  and  only  1  genus  (Stacheia)  is  known  in  the  Calciferous 
Sandstone  ;  6  species  illustrate  Stacheia,  and  all  range  from  the  Cal- 

ciferous beds  to  the  Carboniferous  Limestone.  Our  knowledge  of 
this  order  (Reticularia)  of  the  Rhizopoda  in  the  Carboniferous  rocks  is 
due  to  the  labours  and  researches  of  Mr.  H.  B.  Brady.  40  species  are 
known  from  the  Carboniferous  Limestone.  43  of  the  48  species  in 
these  rocks  are  named  and  described  by  Mr.  Brady  in  his  learned 
monograph  upon  the  British  Carboniferous  and  Permian  Eora- 

minifera in  the  volume  of  the  Palseontographical  Society  for  1876. 
Hydrozoa. — Arbusculites  and  Palazocoryne  are  the  only  2  known 

genera  in  this  class.  Arbusculites  argenteus,  with  Palceocoryne 
radiata  and  P.  scotica  (all  three  from  the  Carboniferous  Limestone), 
complete  the  list. 

Actinozoa. — Both  the  Tabulata  and  Rugosa  are  well  repre- 
sented in  the  Carboniferous  rocks,  especially  the  Rugosa.  21 

genera  fall  under  that  order,  and  14  in  that  of  the  Tabulata. 
The  genus  Cladochonus  of  M'Coy  {Jania  of  the  same  author)  and 
Aulopora  are  the  only  representatives  of  the  Tubulosa.  Aulopora, 
which  is  probably  the  young  state  of  Syringopora,  usually  referred 
to  the  Tubulosa,  must  be  placed  with  the  Tabulata  if  so  deter- 

mined. 9  families,  36  genera,  and  141  species  constitute  the 
Actinozoal  fauna.    The  only  2  families  of  numerical  value  are  the 
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Pavositidse,  with  5  genera,  and  Cyathophyllida3,  with  20 ;  the 
remaining  7  families  have  only  1  or  2  genera  each  and  but  few  species. 
No  form  of  Coral  is  known  above  the  Yoredale  rocks,  and  only 
2  genera  and  2  species  occur  in  the  Yoredale  series,  viz.  Favosites 
tumidus,  PhilL,  and  Zaphrentis  Phillipsii,  M.-Edw.  The  Calciferons 
Sandstones  yield  3  species,  Alveolites  septosus,  Fleming,  Favosites 
tumidus,  Phill.,  and  Lithostrotion  junceum,  Plemiug. 

The  Lower  Limestone  Shales  (mostly  those  of  the  west  of  England) 
have  yielded  13  genera  and  30  species ;  the  nature  of  the  deposit 
greatly  influenced  and  determined  the  presence  of  the  species. 
Nearly  all  the  Corals  in  the  shales  are  simple  forms  and  dwarfed 
in  habit,  certainly  more  so  than  those  species  that  lived  in 
clearer  and  deeper  water,  where  lived  most  of  the  compound 
forms  which  occur  so  abundantly  in  the  limestone  beds.  This 
difference,  under  petrological  association,  is  manifest  on  carefully 
examining  the  strati  graphical  position  of  the  corals  in  many  locali- 

ties. The  Carboniferous  Limestone  is  coralliferous  throughout, 
and  the  fullest  evidence  may  be  obtained  of  large  and  extensive 
reefs  composed  essentially  or  mainly  of  the  Eugosa,  Lithostrotion, 
Lonsdaleia,  species  of  Cyatliophyllum,  and  numerous  other  species. 
The  Carboniferous  Limestone  of  the  British  Islands  yields  every 
known  genus  and  species  catalogued ;  in  other  words,  36  genera 
and  141  species  (all  the  Carboniferous  Actinozoa  known)  are  found 
in  the  Carboniferous  Limestone  in  one  locality  or  other  in  Great 
Britain  and  Ireland.  The  whole  class  culminates  in  the  Mountain 
Limestone,  for  only  2  genera  and  2  species  pass  to  the  Yoredale  beds 
{Favosites  tumidus  and  Zaphrentis  Pliillipsii).  This  sudden  ter- 

mination in  time  of  the  Actinozoa  was  undoubtedly  due  to  those 
physical  changes  which  took  place  in  consequence  of  the  elevation  of 
the  sea-bed  and  prior  to  the  deposition  of  the  Permian.  Our  lists, 
tables,  and  collections  of  the  Carboniferous  Corals  have  not  been 
studied  sufficiently  to  enable  us  to  construct  proper  distribution 
tables  ;  but  the  accompanying  table  of  19  of  the  chief  British  genera 
is  intended  to  show  their  geographical  distribution  in  Britain,  also 
in  the  chief  locality  in  Europe,  and  further  their  correlation  with 
America. 
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Table  showing  the  numerical  value  of  the  species  in  the  chief  genera 
of  Actinozoa  in  Great  Britain,  Belgium,  and  America,  the 
former  for  European,  the  latter  for  American  comparison. 

CO 

s fl 

■73 

d a O 
03 

o Pi 
© 

mer 0 0 OQ 
M 

PQ 

<\ 

0 

b 4 

/I 

4 TO 01 
2 2 6 
4 o 4 0 

"3 

1  K 

10 4 o Zi 9 Q O 
A. 0 4 Q O 1  A 

ID 

2 1 3 

*6 

12 
11 5 

*6 

7 3 
32 2 2 1 5 

Favosites   6 1 3 5 

*3 

18 
2 6 8 

16 
10 12 

"4 

5 

47 

4 2 1 1 8 
4 2 

"5 

4 1 16 
1 2 2 

■  5 

2 2 
5 1 

"e 

"5 

"4 

23 8 
10 

5 
21 18 

62 

83 

57 

54 

71 

49 

304 

Echin"odeemata. — The  class  Echinodermata  is  represented  in  the 
Carboniferous  rocks  by  4  orders — the  Crinoidea,  the  Blastoidea,  the 
Perischoechinoidea,  and  the  Echinoidea.  The  Holothuroidea  through 
the  Synaptse  occur  also  in  a  few  localities.  30  genera  and  163 
species  constitute  the  entire  fauna,  and  the  whole  are  in  the  Car- 

boniferous Limestone  division.  Only  1  species  (Archceocidaris  Urei) 

seems  to  be  known  in  the  Calciferous  Sandstone.  ~No  species appears  in  the  Yoredale  rocks  ;  indeed  the  entire  class  ceases  to 
appear  above  the  Carboniferous  Limestone,  the  5  succeeding 
divisions  being  utterly  void  of  this  class  and  the  Coelenterata.  The 
Lower  Limestone  Shales  through  11  genera  yield  31  species — Actino- 
Crinus  5,  Archceocidaris  3,  Astrocrinus  1,  Atocrinus  1,  Gyathocrinus  2, 
Palcechinus  3,  Platycrinus  10,  Poteriocrinus  3,  Rhodocrinus  2,  and 
Taxocrinus  1  species.  Only  1  of  the  above  is  special  or  confined 
to  the  Lower  Carboniferous  Limestone  of  Carlops,  Peeblesshire, 
Astrocrinites  (Zygocrinus)  Benniei,  B.  Ether.,  jun. 

The  characteristic  genera,  and  those  containing  the  largest 
number  of  species,  are  : — Actinocrinus  21  species,  5  of  the  21  occur- 

ring in  the  Lower  Limestone  Shale  ;  Gyathocrinus  10  species,  2  of 
the  10  are  also  Lower  Limestone  Shale ;  Platycrinus  25  species, 
10  of  which  are  in  the  Lower  Limestone  Shale  ;  Rhodocrinus  12 
species ;   and  Archaiocidavis  10  species.    The  order  Blastoidea, 
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through  the  Pentremitidae,  1 6  species,  and  Pentaphyllum  1  species, 
are  all  confined  to  the  Carboniferous  Limestone  proper.  The  sin- 

gular group  of  the  Perischoechinoidea,  with  Palcechinus  7  species, 
Perischodomus  and  Melonites  1  each,  also  essentially  characterize  the 
Carboniferous  Limestone  proper. 

Annelida. — 34  species  of  this  class,  belonging  to  13  genera,  wander 
through  the  8  divisions.  Spirorbis  numbers  14  species  and  Serpida  6 ; 
the  remaining  11  genera  have  only  1  or  2  species  each.  Serpulites 
carbonarius,  Spirorbis  pusillus,  S.  caperatus,  and  S.  lielicteres  are  the 
only  4  species  that  range  above  the  Carboniferous  Limestone  and  into 
the  Coal-measures  where  the  argillaceous  shales  and  clays  are  of 
marine  or  estuarine  origin.  The  Calciferous  Sandstones  of  Scot- 

land, through  the  researches  of  Bennie,  have  yielded  Serpidites 
carbonarius,  Spirorbis  Eichwaldi,S.  globosus,  S.  lielicteres,  S.  pusillus, 
and  2  varieties.  16  species  occur  in  the  Lower  Limestone  Shale  ; 
10  genera  and  24  species  in  the  Carboniferous  Limestone.  Serpulites 
membranaceus  is  the  only  Yoredale  form ;  and  4  species,  Crossopoclia 
Embletonios,  C.  media,  Serpulites  carbonarius,  and  Spirorbis  pusillus, 
occur  in  the  Millstone  Grit ;  and  Serpulites  carbonarius  is  the  only 
Lower  Coal-measure  form,  also  associated  with  Arenicola  carbonaria. 
The  same  2  species  are  Middle  and  Upper  Coal-measures,  which 
exhausts  the  Annelidan  fauna. 

Crustacea. — The  remarkable  Crustacean  fauna  that  occurs  in  the 
Silurian  rocks  numbers  about  320  species,  chiefly  Trilobites,  all  of 
which,  with  the  exception  of  5  or  6  genera,  died  out  entirely  at  the 
close  of  the  Silurian  period.  The  Crustacea  of  the  Old  Red  Sandstone 
belong  chiefly  to  the  order Merostomata — Eurypterus,  Pterygotus,  and 
Stylonurus  being  the  characteristic  genera.  The  Trilobita,  comprising 
only  6  genera  (Bronteus,  Cheirurus,  Harpes,  Homalonotus,  Phacops, 
and  Phillipsia),  with  11  species,  are  Devonian,  no  Trilobite  occurring 
in  the  Old  Red  proper.  The  Carboniferous  system  in  Britain  yields 
33  genera  and  225  species,  130  of  which  are  Ostracoda,  59  Phyllopoda, 
2  Merostomata,  6  Poecilopoda,  2  Stomapoda,  5  Macrura,  and  13  Tri- 

lobita, illustrating  the  3  genera,  B^achymetopus  (2),  Grijjithides  (5), 
and  Phillipsia  ( 6),  which  group  entirely  disappears  with  the  close 
of  the  Carboniferous  Limestone.  Nowhere  in  Europe  or  America 
have  we  evidence  of  the  continuity  of  this  group  above  the  rocks 
named.  Beyond  the  Ostracoda  and  Phyllopoda,  which  constitute 
the  2  important  orders  in  the  Carboniferous  rocks  (together  num- 

bering 189  species  out  of  the  225  known),  there  is  little  to  discuss. 
The  genera  of  Ostracoda  number  85,  the  Phyllopoda  8,  the  Trilobita 
only  3. 

The  Calciferous  Sandstone  (Tuedian)  has  yielded  9  genera  and 
20  species,  mostly  Ostracoda,  and  2  species  of  Anthrapalcemon,  the 
first  known  appearance  of  the  group  or  tribe  Macrura.  (3  other 
species  of  the  same  genus  occur  in  the  Coal-measures.) 

Lower  Limestone  Shales. — 1 7  genera  and  48  species,  also  chiefly 
Ostracoda  and  Phyllopoda,  are  individually  abundant  in  the  Lower 
Carboniferous  beds  (below  the  Carboniferous  Limestone). 

Carboniferous  Limestone. — 159  species  are  recognized  and  de- 
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scribed  from  the  Carboniferous  Limestone  proper,  illustrating  28 
genera  out  of  33  (or  nearly  every  occurring  genus  is  represented), 
and  the  above  number  of  species  out  of  the  known  225.  The 
4  genera  wanting  in  the  Limestone  are  Anihrapalcemon,  Belinurus, 
Pygocephalus,  and  Canclona.  The  Ostracoda  number  no  less  than 
15  genera  and  107  species ;  the  Phyllopoda  8  genera  and  36 
species ;  the  Trilobita  3  genera  and  8  species. 

Yoredale  Beds. — The  Ostracoda  through  the  genus  Bairdia 
(6  species)  and  KirTcbya  (2)  ;  the  Phyllopoda  through  Beyrichia  (5), 
Estheria  (1)  ;  and  Griffithides  mucronatus  (Trilobita),  complete  the 
Crustacean  fauna  of  this  horizon. 

Millstone  Grit.' — No  Crustacean  remains  known. 
Lower  Coal-measures. — 13  species  of  Ostracoda,  8  of  Phyllopoda, 

and  4  Pcecilopoda,  with  3  species  of  the  genus  Anihrapalcemon,  a 
Macrurous  Decapod,  2  species  of  which  first  appeared  in  the 
Calciferous  Sandstone  (A.  Maconochii,  Ether.,  and  A.  Wood- 
wardii,  Ether.).  A.  dubius,  Prestw.,  A.  Gfrossarti,  Salt.,  and  A.  Bus- 
sellianus,  Salt.,  belong  to  the  Lower  and  Upper  Coal-measures.  This 
is  the  earliest  known  appearance  of  the  order  Decapoda.  This  ancient 
type  has  been  found  both  in  the  Coal-measures  of  Europe  and 
North  America.  Anihrapalcemon  is  related  to  the  living  Galathea. 
Of  the  suborder  Xiphosura  or  Pcecilopoda  we  possess  2  genera, 
Bellinurus  and  Prestivichia,  this  last  allied  to  Neolimulus  of  the 
Upper  Silurian.  The  Penny-stones  of  Coalbrook  Dale  yield  Prest- 
wichia  rotundata  (Limulus).  All  the  thoracic  and  abdominal  seg- 

ments in  Prestivichia  are  ankylosed.  The  earliest  appearance  in 
time  or  commencement  of  existence  of  the  Xiphosura  is  in  the 
Ludlow  rocks ;  no  Xiphosuran  has  yet  been  detected  in  the  Devo- 

nian. Pygocephalus  Gooperi,  Huxl.,  and  P.  Jluxleyi,  Woodw.,  occur 
in  the  Lower  Coal-measures.  These  Podophthalmatous  Stomapods, 
with  the  Decapod  Anthrapalcemon  (3  species),  carry  back  in  time 
the  higher  order  of  the  Crustacea. 

Middle  Coal-meastjres. — Anthrapalcemon  dubius,  Bellinurus  bet- 
lulus,  Konig,  Beyrichia  arcuata  and  B.  Binneyana,  Estheria,  Bei- 
nertiana  and  E.  striata,  are  all  the  Crustacea  known  in  the  Middle 
Coal-measures. 

Upper  Coal-measures. — 10  genera  and  16  species  compose  the 
Crustacean  fauna  of  the  Upper  Coal-measures — Ostracoda  6,  Phyllo- 

poda 7,  Poecilopoda  1,  and  Anihrapalcemon  Grossarti. 
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Number  of  Species  in  the  six  Palaeozoic  orders  of  the  Crustacea 
occurring  in  England,  Scotland,  and  Ireland ;  also  in  Belgium 
and  America.    The  two  latter  areas  for  comparison  as  before. 
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Brtozoa. — The  Carboniferous  Bryozoa  as  a  group  constitute  by  far 
the  largest  series  in  any  division  of  the  Palaeozoic  rocks.  77  species 
range  through  the  3  lower  horizons  of  the  Carboniferous  series,  74 
belonging  to  the  true  Carboniferous  Limestone,  28  to  the  Lower  Lime- 

stone Shales  or  Lower  Limestones,  and  4  to  the  Calciferous  series ;  not 
a  single  species  passes  to  or  occurs  in  the  Yoredale,  Millstone  Grit,  or 
either  one  of  the  three  divisions  of  the  Coal-measures.  The  whole 
group  essentially  belongs  to  and  characterizes  the  Calcareous  rocks 
and  shales  at  the  base  of  the  formation ;  the  large  genera  are — 
Ceriopora  5  species,  Fenestella26,  Glauconome  (Acanthocladia)  8,  and 
Polypora  8.  20  other  genera  of  great  zoological  value  occur,  but  the 
species  are  few  in  each  genus  (1  to  4).  Actinostoma,  Carinella,  Dias- 
topora,  Goniocladia,  Hemitrypa,  Ptilopora,  Bhabdomeson,  Synocladia, 
and  Vinculdria  are  important  genera  in  the  Carboniferous  rocks, 
and  distinctively  determine  the  age  of  the  beds  in  which  they  occur. 
Be  it  remembered  that  none  of  the  Palaeozoic  genera  live  on  or 
extend  into  the  Mesozoic  period,  and  the  Fenestellidae  become 
extinct  in  the  Permian  rocks.  24  genera  and  77  species  at  present 
represent  the  fauna  of  this  division  of  the  Molluscoida ;  doubtless 
the  species  will  be  much  reduced  through  extended  research  and 
critical  examination*;  bnt  as  Mr.  Shrubsole  is  carrying  on  research 
in  the  Fenestellidae,  and  Mr.  Vine  investigating  the  Diastoporidae,  it 
is  better  to  give  the  census  of  the  species  as  they  now  stand  without 

incomplete  modification.  Mr.  Shrubsole's  last  paper  is  not  yet  pub- 
lished;  I  will  therefore  notice  their  distribution,  subject  to  the 

anticipated  work  of  these  two  authors. 
Calciferous  Sandstone. — Archceopora  nexilis,  Ceriopora  similis, 

Fenestella  Morrisii,  F.  plebeia,  F.  tuberculato-carinata,  and  Glauco- 

*  Vide  the  able  papers  by  Mr.  Shrubsole,  F.G.S.,  and  Mr.  G.  E.  Vine  in  the 
'  Quarterly  Journal  of  the  Geological  Society,'  vol.  xxxvi. ;  also  Vine,  '  Eeport  of 
the  British  Association,'  1880,  "  On  the  Carboniferous  Polyzoa,"  for  important 
matter  relative  to  the  history  and  classification  of  the  Polyzoa. 
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nome  gracilis  appear  to  be  all  known  in  these  lowest  beds  of  the 
northern  Carboniferous  rocks. 

Lower  Limestone  and  Shales. — 13  genera  and  26  species  illustrate 
these  shaly  limestones  at  the  base  of  the  Carboniferous ;  the  3 
chief  genera  are — Fenestella  12  species  (far  too  numerous),  Glau- 
conome  3,  and  Pustulipora  2  species ;  the  remaining  9  genera  have 
only  1  species  each ;  many  of  these,  necessarily,  also  occur  in  the 
succeeding  Carboniferous  Limestone. 

Carboniferous  Limestone. — 72  species  occur,  belonging  to  19 
genera;  the  most  important  of  the  latter  are — Fenestella  with 
25  species,  Glauconome  8,  Polypora  8,  Rhabdomeson  3,  Pustulipora 
4,  and  Ceriopora  5  species.  The  13  remaining  genera,  although 
poor  in  species,  are  highly  characteristic ;  amongst  them  may  be 
named  Sulcoretepora,  Synocladia,  Vincularia,  Actinostoma,  and  Dias- 
topora.  JSTo  species  passes  to  higher  strata  or  above  the  Carboni- 

ferous Limestone. 

Arachnid  a. — Only  in  the  Lower  Coal-measures  have  we  detected 
the  Arachnida,  5  species  representing  3  genera — Architarbus  sub- 
ovalis,  H.  Woodw.,  Eoplirynus  Prestvicii,  Busk,  Eoscorpius  anglicus, 
H.  Woodw.,  and  E.  carbonarius,  Meek  and  Worth. ;  an  unde- 
scribed  form  occurs,  which,  however,  may  be  E.  anglicus.  E.  carbo- 

narius is  also  an  American  species,  occurring  in  the  Coal-measures 
of  Illinois ;  and  Architarbus  is  also  a  North-American  form.  The 
occurrence  of  two  of  the  three  genera  and  one  species  in  two 
areas  so  widely  separated  is  significant,  with  many  other  facts,  of 
the  probability  of  the  continuity  of  land  between  Britain  and 
America  during  the  long  period  required  for  the  deposition  of  the 
Coal-measures  and  the  accumulation  of  coal. 

Mtriopoda. — The  2  genera  of  Chilognathous  Myriopoda,  Eupho- 
bena  and  Xylobius,  which  occur  in  our  Coal-measures  are  also 
American,  and,  with  the  Arachnida,  again  add  strong  presump- 

tion to  land-continuity,  densely  covered  with  that  peculiar  flora 
known  to  have  flourished  during  the  Coal-measure  period.  We 
possess  3  species  of  Euphoberia,  viz.  E.  anthrax,  Salt.,  E.  Broivnii, 

H.  Woodw.,  and  E.  ferox,  Salt.  Dr.  Dawson's  genus  Xylobius,  also 
the  known  American  species  "  Sigillariat"  lends  additional  interest 
to  the  attempt  to  correlate  our  fauna  and  flora  of  the  Coal-measures 
with  those  of  the  American  continent ;  for  many  species  of  plants 
are  identical,  and  with  them  associated  faunal  groups. 

Insecta. — Both  the  Orthoptera  and  Coleoptera  are  represented  in 
our  Coal-measures.  The  Mantidse  through  the  genus  Lithomantis 
of  Dr.  H.  Woodward,  the  Locustidas  through  Gryllacris,  Swinton ; 
these  two  genera  belong  to  the  Orthoptera.  The  genus  Curculioides 
of  Dr.  Buckland  belongs  to  the  Coleoptera.  These  all  occur  in  our 
Lower  Coal-measures.  Their  history  and  zoological  aflinities  have 
been  ably  described  by  Dr.  H.  Woodward,  F.R.S.,  in  the  'Journal' 
of  our  Society  (vol.  xxxii.) ;  doubtless  every  fresh  investigation  into 
the  rocks  that  hold  and  yield  the  extinct  flora  of  our  coal-fields  will 
bring  to  light  the  remains  of  the  three  last  groups,  the  Arachnida, 
Myriopoda,  and  Insecta;  they  are,  or  were,  intimately  associated 



ANNIVERSARY  ADDRESS  OE  THE  PRESIDENT.  213 

with  the  vegetation  of  the  Carboniferous  epoch,  and,  with  other 
remains  in  the  same  rocks,  show  that  the  Atlantic  ocean  covers  a 
vast  area  of  once  continuous  or  contiguous  land. 

Every  one  who  has  studied  the  varied  conditions  of  the  Carbo- 
niferous series,  the  deposition  of  its  strata,  the  distribution  of  its 

fauna,  will  at  once  admit  that  its  history  is  only  to  be  written 
through  the  great  and  reliable  group  of  the  Mollusea  (Brachiopoda, 
Lamellibranchiata,  Gasteropoda,  Pteropoda,  Heteropoda,  and  Cepha- 

lopoda), whose  6  divisions  or  classes  number  116  genera  and  1020 
species,  or  nearly  one  half  the  entire  known  Carboniferous  fauna.  So 
many  of  the  genera  have  come  down  to  the  present  day,  that  infe- 
.rentially,  through  observation,  we  know  their  habits  in  Carboniferous 
times ;  they  show  us  that,  during  or  throughout  the  accumulation 
of  the  Carboniferous  Limestone,  moderately  deep-sea  conditions 
prevailed,  and  the  Molluscan  fauna  then  surpassed  all  subsequent 
numerical  development  during  the  Carboniferous  period.  Ultimately 
physical  changes  caused  the  sea  to  shallow,  thus  altering  all  bathy- 
metrical  conditions  at  the  same  time :  littoral  species  died  out, 
through  altered  circumstances ;  and  the  habits  of  the  deeper-sea 
fauna  changed  also  on  slow  elevation,  the  zonal  lines  of  life  under- 

going modification  through  adaptation.  Plainly  are  these  modifi- 
cations and  changes  to  be  observed  through  the  several  stages,  from 

the  Calciferous  Sandstones  to  the  summit  of  the  Coal-measures. 
Zoologically,  only  the  last  five  stages  of  the  Carboniferous  group 
have  to  be  considered,  as  so  great  a  change  took  place  at  the  close  of 
the  Gannister  group  or  Lower  Coal-measures,  the  succeeding  beds 
illustrating  terrestrial  conditions  through  the  rich  and  earliest  exten- 

sive flora  known  (vide  Table  at  end  of  Carboniferous  system,  p.  226). 
No  one  has  felt  the  difficulty  of  showing  the  distribution  of  life 
through  the  Carboniferous  group  more  than  myself,  the  rich  fauna 
that  characterizes  the  series  from  the  Calciferous  Sandstones  to  the 

top  of  the  Gannister  (or  Lower  Coal-measure)  beds  being  most  diffi- 
cult of  analysis. 

Every  extended  sea-bed  has  its  own  conditions  and  its  own  fauna ; 
the  exact  nature  of  that  sea-bottom  it  is  difficult  to  predicate ;  it 
can  only  be  learnt  through  examination.  Admitting  that  the  fauna 
of  any  group  of  rocks  is,  or  was,  as  local  as  the  physical  condi- 

tions during  deposition,  and  the  maximum  of  life  is  usually  local, 
it  will  show  itself  in  any  area,  in  any  part  of  an  epoch  or  of  a 
stage;  it  is  governed  chiefly  by  the  nature  of  the  sediment  and 
by  temperature.  The  questions  of  appearance  of  species,  duration, 
migration,  extinction,  recurrence,  and  many  other  conditions  that 
govern  marine  life  in  all  its  phases  are  to  be  studied  through  a 
careful  investigation  of  the  physical  history  of  the  Carboniferous 
rocks ;  and  through  no  other  zoological  group  do  we  receive  so  much 
instruction  as  through  the  Mollusea. 

Brachiopoda. — Both  the  Tretenterata,  or  "  Inarticulata,"  and  the 
Clistenterata,  or  "  Articulata,"  are  largely  represented  in  the  Carbo- 

niferous rocks ;  and  many  genera  appear  for  the  first  time,  and 
VOL.  XXXVII.  q 
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essentially  characterize  the  lower  members  of  the  Carboniferous 
group :  such  are  Ilypodema  and  SyringotTvyris,  neither  of  these 
appearing  in  oldor  strata. 

The  spocific  development  of  Productus  has  no  precedent  or  parallel 
in  any  other  group  of  British  strata.  44  species  occur  in  the  deposits 
from  the  Calciferous  Sandstone  to  the  Lower  Coal-measures,  5  species 
in  the  Calciferous  series,  16  in  tho  Lower  Limestone  Shale,  41  in 
tho  Carboniferous  Limestone,  7  in  the  Yoredalo,  5  in  the  Millstone 
Grit,  8  in  the  Lower  Coal-measures,  1  in  the  Middle  Coal-measures 
(P.  scabricidus),  and  none  in  the  Upper  Coal-measures ;  the  genus 
(but  no  known  Carboniferous  species)  passes  to  the  Permian  rocks, 
and  is  represented  by  P.  liorridus,  its  last  appearance 

Tho  genus  Spirifera  attains  its  highest  development  in  this 
horizon  also  ;  30  species  range  side  by  sido  by  with  the  Producti ;  and 
it  is  well  to  state  also  their  numerical  value  in  the  several  horizons  : 

Calciferous  Sandstone  3  species,  Lower  Limestone  Shale  17,  Carbo- 
niferous Linicstono  30,  Yoredalc  rocks  6,  Millstono  Grit  4,  Lower 

Coal-measures  4.  2  of  the  30  species  of  Spirifera  aro  Devonian, 
>S^:>.  lineata  and  tip.  Urii ;  thus  28  species  are  new  to  Britain ;  and 
no  less  than  ]  85  species  (British,  European,  and  American)  have  been 
described.  The  Rhynchonellce  of  our  Carboniferous  rocks  number 
21  out  of  the  30  European  species ;  and  18  of  them  are  now;  the 
3  derived  from  the  Devonian  aro  II.  pleurodon,  li.  pugnus,  and 
jR.  reniformis. 

The  gonus  Terebratula  begins  here  to  be  numerically  abundant, 
no  species  being  known  in  the  Silurian  strata,  and  the  Devonian 
rocks  yielding  only  4  species,  whilst  7  species  are  Carboniferous. 
The  great  development  of  this  genus  in  the  Jurassic  rocks  surpasses 
that  of  all  other  Clistenterata ;  in  our  own  area  they  apparently 
nearly  died  out  or  migrated  after  the  Carboniferous  epoch,  none 
occurring  in  the  Trias.  The  genus  Athyris  ranges  from  tho  Cal- 

ciferous Sandstones  to  tho  Lower  Coal-measures ;  A.  ambigua  and 
A.  planosidcata  arc  tho  only  specios  that  transgress  tho  Carboni- 

ferous Limostono.  The  genus  Atrypa  was  formerly  recognized  as 
a  Carboniferous  gonus  with  20  species,  which  are  now  relegated  to 
fflvynchonella,  Retzia,  and  Athyris,  Camarophoria,  with  its  5  species, 
belongs  to  the  Carboniferous  Limestone ;  only  C.  crumena  passes  to 
the  Permian,  omitting  the  5  intermediate  stages  or  horizons. 
Chonetes,  only  in  ono  instanco  (under  tho  species  hardrensis),  ranges 
above  tho  Carboniferous  limestone  into  the  Lower  Coal-measures, 
tho  whole  15  spocies  being  otherwise  confined  to  tho  limestone 
and  tho  shale  bolow. 

Tho  significance  or  importanco  of  Productus  as  a  Carboniferous 
genus  cannot  be  overlooked  when  determining  through  its  spocies 
definite  horizons  in  these  rocks.  It  is  ubiquitous  ;  in  no  region  on 
the  globe,  where  tho  Carboniferous  rocks  aro  developed,  do  we  not 
find  this  characteristic  shell  and  in  vast  abundance — in  the  Polar 

regions,  Australia,  Now  Zealand,  Van  Diemon's  Land,  India,  Ame- 
rica (in  15  States),  throughout  Europe,  and  in  Africa. 

The  Carboniferous  Erachiopoda  consist  of  20  genera  and  175 
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species ;  and  7  of  the  8  horizons  possess  them :  9  genera  and  18 
species  occur  in  the  Calciferous  Sandstones  of  Scotland;  11  genera 
and  80  species  range  through  the  thin-bedded  Carboniferous  Lime- 

stone Shales,  or  the  Lower  Limestones  ;  14  genera  and  172  species 
have  been  collected  and  named  from  the  Carboniferous  Limestone 
alone ;  10  genera  and  31  species  are  from  the  Yoredale  rocks  and 
Upper  Limestone  Shales;  11  genera  and  24  species  are  Millstone 
Grit ;  the  Lower  Coal-measures  yield  9  genera  and  18  species,  and 

the  Middle  3  genera  and  3  species.  "We  know  of  no  Brachiopoda  in 
the  Upper  Coal-measures.  The  whole  group,  with  every  species,  has 
been  exhaustively  worked  out  by  T.  Davidson,  Esq.,  F.R.S.,  in  the 
volumes  of  the  Palaeontographical  Society ;  nothing  is  left  undone 
by  that  distinguished  brachiopodist,  whose  labours  in  this  field  of 
palaeontology  are  universal.  To  Mr.  Davidson  we  are  indebted  for 
the  highest  research  into  the  morphology,  history,  and  classification 
of  this  most  difficult  class  of  Mollusca. D3 
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The  preponderance  of  the  two  genera  Pro  ductus  and  Spirifera  is 
a  great  feature  in  the  Carboniferous  rocks.  Chonetes,  Bhynckonella, 
and  Orthis  follow  in  importance  so  far  as  the  number  of  species  lends 
significance.  Chonetes  and  Productus  make  their  first  appearance  in 
these  rocks,  and,  with  Retzia,  Streptorhynchus,  and  Cyrtina,  dis- 

appear at  the  close  of  the  period.  5  genera  and  6  species  of  Bra- 
chiopoda pass  to  the  Permian;  they  are  Oamarophoria  globidina, 

Phill.,  G.  Schlotheimi,  V.  Buch,  Biscina  Koninckii,  Geinitz,  Lingula 
Credneri,  Geinitz,  Sjpirifera  Clannyana,  King,  and  Spiriferina  cris- 
tata ;  and  beyond  2  species  of  Ostracoda  I  know  no  other  connecting 
or  transgressive  species  than  the  above ;  in  other  words,  only  8 
species  of  all  orders  pass  to  higher  rocks  out  of  the  Carboniferous 
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system.  Even  the  Khizopoda  (Foraminifera),  which  have  so  wide  a 
distribution  in  time,  occur  not  beyond  the  limits  of  this  formation. 

Lamellibrancrtata. — Monomyaria*.  This  group  and  the  Dimy- 
aria  united  number  no  less  than  54  genera  and  415  species.  The 
Monomyaria,  up  to  the  present  time,  are  represented  by  10  genera 
and  179  species,  103  of  which  belong  to  the  genus  Aviculopecten,  28 
to  Avicula,  Pinna  6,  Posidonomya  12,  Pterincea  4,  Pteronites  9,  Stre- 
blop>ieria  3,  Gervillia  2,  Inoceramus  4,  Lima  2,  and  Pinna  6.  The 
Calciferous  Sandstones  of  Scotland  and  Northumberland  have  yielded 
3  genera  {Avicula,  Aviculopecten,  and  Pteronites)  and  13  species  : 
the  Lower  Limestone  Shales,  or  Lower  Limestones,  5  genera  and  64 
species ;  the  Carboniferous  Limestone  11  genera  and  151  species ; 
the  Toredale  rocks  4  genera  {Avicula,  Aviculopecten,  Pinna,  and 
Posidonomya)  and  14  species  ;  the  Millstone  Grit  3  genera  {Avicula, 
Aviculopecten,  and  Posidonomya)  and  11  species;  the  Lower  Coal- 
measures  3  genera  (the  same)  and  13  species ;  4  species  of  Aviculo- 
pecten  occur  in  the  Middle  Coal-measures  ;  and  1  {Aviculopecten  papy- 
raceus)  is  the  only  form  in  the  Upper  Coal-measures.  The  species 
having  the  longest  range  are  Aviculopecten  alternatus,  A.  gentilis,  A, 
granosus,  A.  papyraceus,  A.  quadratus,  A.  scalaris,  and  A.  variabilis, 
Posidonomya  Becheri,  P.  lateralis,  and  P.  membranacea.  The  species 
of  the  genera  Pteronites,  Pterinma,  Streblopteria,  Posidonomya,  Pinna, 
Avicula,  and  most  of  the  Aviculopectines  are  chiefly  from  the  Car- 

boniferous Limestone.  We  may  assume  that  the  largely  represented 
group  of  the  Avieulopectinidse  possessed  much  the  same  bathymetrical 
range  as  that  of  the  genus  Pecten  in  our  modern  seas ;  the  same  with 
Pinna  and  Posidonomya.  Indeed  it  would  appear,  from  the  per- 

sistency of  the  vertical  range  of  the  group  Monomyaria,  that  no 
general  depth  governed  their  habit ;  for  only  14  species  out  of  the  179 
range  above  the  Carboniferous  Limestone  and  Yoredale  beds.  10  are 
named  above ;  and  the  following  4  may  complete  the  species — Avicu- 

lopecten fibrillosus, A.  obtusus,Posido7iomya  Gibsoni,  and  Pinna  spatula. 
The  Table  also  expresses  the  number  of  species  that  are  in  the  Mill- 

stone Grit  and  Coal-measures  included  here.  The  magnitude  of  the 
Monomyarian  group  is  sufficient  reason  for  treating  it  separately, 
especially  considering  that  one  genus  alone  {Aviculopecten)  is  repre- 

sented by  103  species. 

*  I  retain  this  term  here,  including  in  it  only  the  Asiphonida,  represented  by 
the  Ostreida?,  Aviculidce,  and  Pectinidse. 
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The  preponderance  of  species  in  one  genus,  as  in  Aviculopecten, 
is  unexampled  in  any  other  British  formation.  150  species  occur  in 
Britain  and  Europe ;  50  have  been  described  from  America,  and  all 
differ  from  our  forms.  The  species  occurring  in  the  Belgian  Car- 

boniferous rocks  are  known  to  us  through  the  researches  of  De 

Xoninck.  In  Ireland,  mainly  through  the  researches  of  H'Coy 
and  Baily,  the  Integropallialia  appear  to  have  been  exhaustively 
recorded.  The  genus  Avimla,  in  the  Irish  Carboniferous  rocks, 
numbers  about  23  species,  Aviculopecten  80,  Pecten  5,  Pteronites  5, 
Posidonomya  8,  Pterincea  3,  Pinna  5.  Scotland :  Avicula  10,  Avicu- 

lopecten 50,  Pinna  4,  Posidonomya  2,  Pteronites  6.  England  :  Avi- 
cula 16,  Aviculopecten  48,  Pinna  5,  Posidonomya  8,  Pteronites  3,  and 

Pterinata  1.  These  comparisons  are  important,  as  showing  geogra- 
phical distribution  as  well  as  age.  The  collective  fauna  illustrating 

this  group  in  all  Europe  beyond  Belgium  does  not  exceed  50  species, 
showing  either  want  of  research  or  the  small  development  of  the 
Carboniferous  rocks  east  of  Khenish  Prussia. 

Lamellibranchtata. — Dimyaria*. — No  less  than  43  genera  and 
245  described  species  occur  in  the  Carboniferous  rocks,  the  largest 
number  being  in  the  Carboniferous  Limestone  (30  genera  and  182 
species);  the  underlying  Lower  Limestone  and  Shales  yield  23  genera 
and  103  species ;  and  the  Calciferous  beds  of  the  north  of  England 
and  Scotland  17  genera  and  38  species  ;  only  9  species  are  Yoredale. 
Many  species  are  necessarily  common  to  the  three  lower  horizons ; 
but  the  faunal  contents  are  as  stated.  The  Coal-measure  species  will 
be  noticed  in  their  place. 

Thus  the  united  British  Lamellibranchiate  (or  Pelecypod)  fauna 
numerically  reaches  54  genera  and  424  species,  179  being  Mono- 
myarian  Asiphonida  (Integropallialia)  and  245  Siphonida  (Sinu- 
pallialia).    Hitherto  I  have  not  mentioned  the  Coal-measure  Dimy- 

*  18  families,  including  the  Arcidse,  Trigonidse,  and  Unionidse. 
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aria,  or  those  occurring  in  the  Millstone  Grit  and  Lower,  Middle, 
and  Upper  Coal-measures.  With  the  exception  of  the  Lower  Coal- 
measures,  which  have  yielded  12  genera  and  42  species,  the  three 
remaining  horizons  are  comparatively  poor,  as  would  be  anticipated 
from  the  estuarine  condition  or  nature  of  the  deposits.  Anthracosia, 
Anthracoptera,  Aoeinus,  Ctenodonta,  Edmondia,  Modiola,  Myacites, 
Myalina,  and  Schizodus  are  the  genera  that  characterize  the  Coal- 
measures,  or  beds  above  the  Yoredale  series. 

6  genera  and  9  species  are  all  that  are  known  from  the  Millstone 
Grit ;  the  genera  are  Anthracosia  2  species,  Axinus  1,  Ctenodonta  3, 
Edmondia  1,  Lunulacardium  1,  Myacites  1. 

The  genera  in  the  Lower  Coal-measures,  14  with  44  species,  are 
still  more  estuarine  in  habit,  many  allied  to  the  Unionidae  and 
Myadse — Anthracomya  5  species,  Anthracosia  6,  Anthracoptera  2, 
Aocinus  2,  Oonocardium  1,  Ctenodonta  6,  Edmondia  3,  Leptodomus  1, 
Modiola  4,  Myacites  4,  Myalina  6,  Pleurophorus  1,  Pullastra  1, 
Schizodus  2.  The  Middle  Coal-measures  have,  as  yet,  only  yielded 
4  genera  and  16  species— Anthracomya  6  species,  Anthracosia  6, 
Anthracoptera  2,  and  Myalina  2  species.  The  Upper  Coal-measures 
contain  the  same  4  genera  with  11  species.  The  above,  with  the 
table  of  distribution,  clearly  shows  the  changes  from  the  deeper-sea 
fauna  of  the  Limestone  series  to  the  shallow  and  estuarine  accumu- 

lations of  the  Coal-measures,  the  gradual  dying-out  of  those  genera, 
essentially  dwellers  in  clear  and  deep  water  and  with  associated 
sedimentary  matter,  as  well  as  the  almost  total  extinction  of  the 
molluscan  fauna  with  the  elevation  of  the  sea-bed,  a  few  genera 
only  living  on  into  the  Permian  sea. 

The  accompanying  Table  gives  the  numerical  value  of  the  species 
of  18  of  the  chief  Dimyarian  genera  out  of  43  for  England,  Scot- 

land, and  Ireland ;  also  Belgium,  for  comparison,  which  is  the  only 
country  in  Europe  where  the  Carboniferous  rocks  (Lower  series)  are 
well  developed.  The  researches  of  Prof.  De  Koninck,  of  Liege,  have 
afforded  mo  data  for  this  column.  I  have  before  stated  the  small 
number  of  known  species  in  the  European  area  beyond  Belgium ;  to 
show,  however,  the  relationship  between  the  American  fauna  and 
our  own,  I  have  appended  a  column  also,  which  shows  excess  in  the 
number  of  species  in  most  of  the  genera.  Such  holds  good  with  the 
older  Palaeozoic  genera  also ;  but,  through  the  flora  and  Mollusca  of 
the  Coal-measures,  America  and  Scotland  are  intimately  associated, 
and,  in  a  similar  but  less  degree,  Ireland, 
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Table  of  18  of  the  chief  Carboniferous  Genera,  showing  their  specific 
or  numerical  value  through  the  five  areas  or  countries  named. 

Genera. 

En
gl
an
d.
 

Sc
ot
la
nd
. 

Ir
el
an
d.
 

Be
lg
iu
m.
 

Am
er
ic
a.
 

Oc
cu
rr
en
ce
s.
 

AUorisma  (My&cites) 6 3 4 
28 

41 
.  _ ,.  ._ 

8 0 1 2 
13 

Uliieiiy  Ooal-raeasures 
9 (6  species). A  nrnva  pagi 10 23 

8 
50 

Ditto  (6  species). 
4 O 

10 

±7 

7 

44 

?Astarte 
10 

1 11 
69 9 

"i 

Q 
36 

13 
C0n0c9.rd.ium 6 2 

10 
8 13 39 

flf  pn  nn  nnt  a 
11 

15 
15 

9 

34 
84 7 9 

10 16 11 53 10 10 12 2 
25 59 

3  Coal-measures. 
10 8 

12 
5 

35 
4  Coal-measures. 

3 2 3 

30 

6 44 
6 9 1 3 

18 

37 

6  Coal-measures. 

10 
10 

16 
5 

27 

68 
3 8 7 13 31 2  Coal-measures. 

2 7 6 

15 1 1 
5 5 

14 
i 7 9 

106 102 115 171 222 

716 

Solenoconchia. — 6  species  of  Dentalium  are  known ;  but  none  pass 
above  the  Carboniferous  Limestone.  B.  priscum  is  the  only  species 
that  occurs  in  3  liorizons — the  Calciferous  Sandstones,  Lower  Lime- 

stones, and  Carboniferous  Limestone.  D.  scoticum  is  only  found  in 
the  Calciferous  Sandstones ;  the  remaining  4  belong  to  the  Carboni- 

ferous Limestone,  and  do  not  range  higher. 
Gasteropoda. — 223  species  and  29  genera,  all  belonging  to  the 

division  Holostomata  of  the  order  Prosobranchiata,  constitute  the 
univalve  fauna  of  the  Carboniferous  rocks.  All  the  genera  (29)  and 
202  species  occur  in  and  range  through  the  Carboniferous  Limestone ; 
or  nearly  every  species  occurs  in  this  horizon.  16  of  the  29  genera 
are  distributed  through  the  Carboniferous  rocks  of  Europe  and 
America,  and  are  therefore  of  zoological  as  well  as  stratigraphical 
value.  I  give  the  following  Table  of  these  genera  to  accompany 
that  showing  the  distribution  of  the  Lamellibranchiata  (Dimyaria) ; 
by  comparison  with  the  molluscan  fauna  of  Europe  and  America 
we  may  hope  to  obtain  some  clue  relative  to  the  migration  and  dis- 

persion of  the  Itollusea  from  some  original  area.  These  16  chief 
genera  are  represented  in  England  by  176  species,  in  Scotland  by 
90,  in  Ireland  by  111,  in  Belgium  (chiefly  through  De  Koninck)  by 
176,  and  in  the  American  Carboniferous  rocks  by  nearly  200  species. 
This  generic  relationship  with  America  is  important  as  determining 
similarity  of  bathymetrical  conditions,  temperature,  and  food,  and  con- 

nexion through  coast-line  or  land  now  lost,   9  genera  and  21  species 
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occur  in  the  Calciferous  Sandstone — Euomphalus  4  species,  Lacuna 
I,  Littorina  2,  Loxonema  2,  Macrocheilus  4,  Murchisonia  3,  Natica  1, 
Naticopsis  1,  Pleurotomaria  3. 

The  Lower  Limestone  Shales  contain  50  species,  which,  with  one 
exception  (Turbo  appropinquans),  are  also  those  of  the  Carboniferous 
Limestone  above ;  or  49  of  the  50  occur  also  in  the  massive  lime- 
stones. 

The  Yoredale  beds  (the  Upper  Limestone  Shales  of  some  authors)  are 
poor  in  Gasteropoda;  only  7  genera  and  10  species  appear  to  be  known. 
Clearly  this  must  be  the  result  of  imperfect  collecting  rather  than 

of  almost  total  absence  of  species.  "We  know  that  both  the  Lower  and Upper  Limestone  Shales  are  impure  argillaceous  limestones,  and  not 
favourable  to  the  presence  of  the  Mollusca  at  the  time  of  deposition 
or  to  the  preservation  of  organic  structure  afterwards :  but  we  see  here 
the  7  genera  only  represented  by  10  species ;  they  are : — Euomphalus 
catillus,  Sow. ;  Loxonema  constricted  Sow. ;  Macrocheilus  curvilinea, 
Phill. ;  M.  imbricatus,  Sow. ;  M.  rectilinea,  Phill. ;  Murchisonia 
fusiformis,  Phill. ;  Naticopsis  plicistria,  Phill. ;  Pleurotomaria  lim- 
bata,  Phill. ;  P.  tumida,  Phill. ;  and  Turritella  tenuistria,  Phill. 
The  Millstone  Grit,  as  we  should  expect,  contains  but  a  small 
Gasteropod  fauna ;  such  arenaceous  deposits  suit  not  the  habits  of 
this  group  of  Mollusca  ;  only  3  genera  and  3  species  are  known — 
Natica  variata,  Phill. ;  Pleurotomaria  limbata,  Phill. ;  and  Murchisonia 
fusiformis,  Phill.  The  Pelagic  Cephalopoda  in  the  same  beds,  as  we 
shall  see,  number  no  less  than  33  species ;  but  the  sandy  and  muddy 
beds  of  the  shore  was  not  their  habitat ;  they  are  not  such  good  wit- 

nesses in  the  beds  in  which  they  are  found  as  the  ordinary  Lamelli- 
branchiata  and  Gasteropoda.  The  Lower  Coal-measures  alone  yield 
Gasteropoda ;  none  are  known  either  in  the  Middle  or  Upper.  7  genera 
and  19  species  are  recorded  from  this  division : — Euomphalus  Gloveri, 
Brown ;  Littorina  obscura,  Sow. ;  L.  solicla,  De  Kon. ;  Loxonema 
galvani,  Baily ;  L.  minutissima^  Baily ;  L.  Oweni,  Brown ;  L.  reticu- 

lata, Brown  ;  Macrocheilus,  4  species  ;  Natica  veiusta,  Sow. ;  Nati- 
copsis plicistria,  Phill. ;  Pleurotomaria  limbata,  Phill. ;  P.  usocona, 

Sow. ;  Turritella,  4  species. 
Middle  Coal-measures  none. 
Upper  Coal-measures  none. 
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Geographical  Distribution  of  the  Gasteropoda  through 
16  characteristic  Genera. 
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Pteropoda. — The  genus  Conularia  first  appears  in  the  Carboni- 

ferous rocks  in  the  Lower  Limestone  Shale,  and  ranges  through  all 
but  the  Upper  Coal-measures.  This  genus  dies  out  in  the  Coal- 
measures.  Many  of  the  nodules  in  the  "  Penny-stone "  of  Coal- 
brookdale  contain  fine  examples  of  O.  quadrisidcata,  Sow.,  the  only 
determined  species  known.  An  undetermined  species  occurs  in  the 

Calciferous  Sandstones  of  "Woodhall,  Scotland.  America  yields  17 species  of  Conularia  to  our  2 ;  our  C.  quadrisulcata  is  not  known 
out  of  Britain. 

Heteropoda. — Bellerophon  and  Porcellia  (the  former  with  27 
species  and  the  latter  4)  exhaust  the  species  in  the  Carboni- 

ferous rocks.  At  no  period  in  Palaeozoic  times  did  so  many  species 
of  Bellerophon  exist  in  one  horizon.  24  of  the  27  species  are 
found  in  the  Carboniferous  Limestone ;  and  6  of  these  24  species 
range  higher ;  they  are  : — Bellerophon  apertus,  Sow. ;  B.  decussatus, 
Flem. ;  B.  Dumonti,  D'Orb. ;  B.  hiulcus,  Mart. ;  B.  Oldhamii,  Portl. ; 
and  B.  Urii,  Flem.  4  species  (B.  costatus,  Sow.,  B.  decussatus, 
Flem.,  andvar.  undatus,  Ether.,  and  B.  Urii,  Flem.)  are  Calciferous 
or  Tuedian  species.  B.  decussatus,  B.  apertus,  B.  hiulcus,  and  B.  Urii 
range  up  to  the  Middle  Coal-measures.  5  species  occur  in  the 
Lower  Limestone  Shale ;  but  none  are  peculiar  to  those  beds.  17 
species  are  essentially  Carboniferous  Limestone.  The  Yoredale 
beds  have  yielded  4  species — B.  apertus,  B.  decussatus,  B.  hiulcus, 
and  B.  Urii,  all  species  having  a  long  range.    The  Millstone 
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Grit  contains  the  same  forms.  The  Lower  Coal-measures  yield  the 
same,  with  the  addition  of  B.  navicula,  B.  Oldhamii,  and  B. 
Dumontii ;  none  occur  in  the  Upper  Coal-measures — this  order, 
like  all  others  in  the  Carboniferous  series,  dying  out  at  its  close,  not 
to  appear  again. 

The  genera  Bucania  of  Hall  and  EupJiemus  of  M'Coy  are  synony- 
mous with  Bellerophon.  Ireland  has  yielded  21  species  of  Bellero- 

phon,  Scotland  15,  England  17,  Belgium  25,  and  America  39  species ; 
only  19  species  range  through  Europe,  8  of  them  being  British ;  and 
14  of  these  19  are  Eussian. 

Cephalopoda. — No  fewer  than  169  species  are  distributed  through 
the  British  Carboniferous  system.  4  genera  and  6  species  occur  in 
the  Calciferous  or  Tuedian  beds,  5  genera  and  22  species  in  the  Lower 
Limestone  Shale,  8  genera  and  140  species  in  the  Carboniferous  Lime- 

stone ;  5  genera  and  33  species  are  Yoredale ;  3  genera  and  30  species 
are  Millstone  Grit ;  3  genera  and  24  species  occur  in  the  Lower  Coal- 
measures,  3  genera  and  6  species  in  the  Middle  Coal-measures,  and 
1  genus  and  2  species  in  the  Upper  Coal-measures.  These  169  species 
represent  8  genera — Actinoceras  1  species,  Cyrtoceras  3,  Discites  17 
(subgenus  of  Nautilus),  Goniatites  59,  Nautilus  36,  Orthoceras  48, 
JPoterioceras  3,  and  Trigonoceras  2  species. 

The  accompanying  Table  of  the  8  British  genera  shows  the  number 
of  species  in  each  country,  including,  as  in  the  two  prior  Tables, 
Belgium  and  America  for  comparison,  in  which  it  will  be  seen  that 
the  169  species,  through  the  500  occurrences,  are  thus  distributed : — 
the  number  of  species  in  the  8  genera  in  England  is  126,  in  Scot- 

land 63,  in  Ireland  107,  and  in  Belgium  90.  Comparison  carried 
beyond  Europe  to  America,  as  before,  shows  generic  affinity  through 
114  species,  hardly  a  single  form  being  British.  All  Europe,  only 
yields  95  species  through  11  areas ;  research  and  the  accident  of  our 
possessing  these  rocks  highly  developed  is  the  reason  why  our  mol- 
luscan  fauna  is  so  extensive. 
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Vertebrata. 

Pisces. — 120  genera  and  290  species  of  fish  and  26  genera  and 
33  species  of  Amphibia  compose  numerically  the  Yertebrate  fauna 
of  the  Carboniferous  rocks.  The  comparatively  rich  assemblage  of 
ichthyic  remains  in  the  Old  Bed  Sandstone  bears  no  proportion  to  the 
great  increase  and  development  of  this  class  in  the  Carboniferous 
system.  Only  two  orders  are  represented  in  the  Carboniferous 
rocks,  viz.  the  Ganoidei  and  Elasmobranchi  (Placoidei,  Ag.),  the 
Ganoidei  through  the  suborder  Crossopterygidse  by  4  of  the  6  recog- 

nized families,  the  Saurodipterini,  Glyptodipterini,  Ctenodipterini  ? 
(Dipnoi)*,  and  Ccelacanthini.  The  Elasmobranchi  mainly  corre- 

spond to  the  Chondropterygidae  or  the  Cartilaginous  Eishes  of  Cuvier 
(the  Holocephali  and  Plagiostomi  of  Owen  and  the  Selachia  of 
Miiller). 

The  distribution  and  appearance  in  time  of  the  two  orders  appears 
to  have  been  much  the  same ;  the  Plagiostomi  first  appeared  in  the 
Ludlow  rocks,  the  Holocephali  through  the  Chimseroids  in  the 
Devonian  rocks  of  1ST.  America  (genus  Ehinodus  of  Newberry).  The 
section  Cestraphori  of  the  order  Plagiostomi  is  abundantly  represented 
in  the  Carboniferous  rocks  from  base  to  summit,  spines  and  teeth  of 
the  several  genera  occurring  everywhere,  although  very  locally,  the 
Cienacanthi,  Gyracanthi,  Homacanthi,  Oracanthi,  Onchi,  and  Lepta- 
canthi  being  the  most  important,  and  occurring  as  spines  (Ichthyo- 
dorulites). 

The  genera  or  groups  illustrated  by  palatal  and  other  teeth  are 
Cochliodus,  Deltodus,  Psammodus,  Petalodus,  Otodus,  Ctenoptychius, 
Cladodus,  Glossodus,  Diplodus,  Helodus,  &c.  Many  of  these  generic 
groups  will  be  greatly  reduced  under  stricter  and  more  complete 
research.  My  duty  here  is  not  to  criticise,  but  rather  to  bring 
together  for  a  special  purpose  the  labours  of  others  as  at  present 
received. 

The  lowest  recognized  rocks  of  the  Carboniferous  system,  the 

"Calciferous  Sandstone"  of  the  Scotch  geologists,  or  Tuedian  of 
Northumberland,  confined  to  the  north  of  England  and  south-east- 

ern Scotland,  contains  13  genera  and  14  species — Cladodus  1  species, 
CtenacantJius  1,  Ctenodus  1,  Ctenoptychius  1,  Diplodus  1,  Eurynotus  1, 
MegalicJithys  1,  Nematoptychus  1,  Pcecilodus  1,  Pygopterus  1,  Ehadi- 
nichthys  1,  Bhizodus  2,  and  Wardichthys  1.  Thus,  with  one  exception, 
each  genus  is  represented  only  by  1  species.  Surely  much  has  to  be 
done  both  with  the  Ganoidei  (8)  and  Placoidei  (5)  when  better 
materials  come  to  hand ;  for  many  of  the  genera  must  be  established 
upon  slender  grounds. 

The  Lower  Limestones  and  Shales  have  yielded  29  genera  and 
50  species ;  and  if  this  lower  member  be  associated  with  the  thick  or 

*  I  am  aware  that  Dr.  Traquair  would  remove  the  Glyptodipterini  from  the 
Crossopterygious  Ganoids  and  place  them  sectionally  in  the  order  Dipnoi  (vide 
Trans.  Eoy.  Soc.  Edinb.  vol.  xxvii.  for  the  sections  and  families  proposed  by 
Dr.  Traquair). 
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true  Carboniferous  Limestone,  the  two  together  would  represent  80 
genera  and  170  species,  17  genera  and  22  species  being  peculiar  to 
the  Lower  Limestone  Shales.  No  one  can  doubt  that  these  dark, 
impure,  argillaceous  limestones  were  the  commencement  of  the  purer 
calcareous  series  above ;  and  palaeontologieally  they  cannot  be  sepa- 

rated. Closer  research  will  probably  show  that  the  17  genera  now 
known  to  occur  only  in  the  Lower  Limestones  exist  in  the  succeed- 

ing series. 
Carboniferous  Limestone. — This  finely  developed  group  of  rocks 

in  the  British  Islands,  which  has  received  so  much  attention  both 
under  geological  and  palseontological  aspects,  is  possibly  better 
understood  than  any  other  division  of  the  Carboniferous  system. 
The  limestone  beds  known  as  the  Mountain  Limestone  have  yielded 
no  less  than  63  genera  and  147  species  of  fishes ;  but  the  Yoredale 
series  which  succeed  them  yield  none ;  and  only  3  genera  and  3  species 
are  known  in  the  Millstone  Grit  (Megalichihys  Hibberti,  Ehizodus 
Hibberti,  and  Acanthodes  Bronni).  This  sudden  cessation  or  non- 

occurrence can  scarcely  be  accounted  for  on  lithological  grounds,  or 
original  sedimentary  accumulation,  such  as  would  be  applicable  to 
the  habits  of  certain  genera  of  the  Mollusca.  Bathymetrical  con- 

ditions may  have  influenced  this  paucity  in  the  whole  fauna  of  the 
Yoredale  and  Millstone  Grit,  which  is  so  apparent  on  inspection  of 
the  Table  of  Distribution.  38  genera  of  Placoidei  are  confined  to 
the  Carboniferous  Limestone ;  and  12  genera  of  the  same  order  are 
from  both  Lower  Limestone  Shale  and  Carboniferous  Limestone :  on 
the  other  hand,  it  is  remarkable  that  only  6  genera  of  Ganoidei  are 
strictly  or  essentially  confined  to  that  horizon  ;  they  are  Acrolepis, 
Asterolepis,  Coccosteus  ?,  Cycloptychius,  Phyllolepis,  and  Platycanthus. 
(I  give  them  as  near  the  truth  as  possible,  as  the  species  of  Ganoidei  in 
the  Carboniferous  system  are  in  as  much  confusion  as  the  Placoidei*.) 
As  before  stated,  the  Yoredale  rocks  (Upper  Limestone  Shale  of  some 
areas)  have  not  yielded  remains  of  fishes.  We  are  in  doubt  as  to  the 
real  position  of  the  Upper  Limestones  of  Durham  and  Northum- 

berland, or  what,  if  any,  should  be  assigned  to  the  Yoredale  group. 
Nevertheless  I  am  not  aware  of  any  Vertebrata  occurring  in  the 
Yoredale  beds.  The  Millstone  Grit,  as  before  stated,  has  only  (so 
far  as  I  know)  yielded  3  genera  and  3  species,  and  these  in  the 
form  of  scales. 

Lower  Coal-measures. — Whatever  conditions  caused  so  complete 
a  break  in  the  distribution  of  the  fishes  in  our  area  zoologically, 
stratigraphically,  and  geographically  during  the  deposition  of  the 
rocks  mentioned,  the  return  of  the  same  genera  and  many  of  the 
same  species  in  the  Lower  Coal-measures  is  equally  important.  We 
have  evidence  of  the  remains  of  52  genera  and  112  species,  the 
whole  composed  nearly  equally  of  the  orders  Placoidei  and  Ga- 

noidei.   The  numbers  may  be  thus  expressed : — In  the  Lower  Coal- 

*  The  Ganoid  Fishes  are  under  revision  by  Dr.  Traquair,  whose  accurate 
knowledge  of  the  order  will  be  brought  to  bear  upon  their  structure  and  classi- fication. 
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measures  32  genera  and  50  species  of  Ganoidei  occur,  in  the  Middle 
Coal-measures  5  genera  and  6  species,  in  the  Upper  Coal-measures 
6  genera  and  8  species.  The  Placoidei  are  represented  in  the  Lower 
by  22  genera  and  40  species,  in  the  Middle  by  10  genera  and  14 
species,  and  in  the  Upper  by  6  genera  and  8  species.  Eegarding 
the  Coal-measure  fishes  as  a  whole,  however,  they  stand  in  the  Table 
as  Lower  Coal-measures  52  genera  and  112  species,  Middle  14 
genera  and  20  species,  and  the  Upper  12  genera  and  14  species. 
The  numerical  distribution  for  Britain  and  Belgium  is — 

England   136  species. 
Scotland    152  „ 
Ireland    120  „ 
Belgium   50?  „ 

The  Carboniferous  system  is  finely  developed  in  Belgium.  37  of 
the  same  genera  occur  in  the  American  rocks,  10  being  Ganoidei 
and  27  Placoidei,  the  two  orders  there  yielding  240  species. 

Amphibia. — Of  the  4  orders  in  the  class  Amphibia,  the  Labyrin- 
thodontia  alone  occur  in  the  Carboniferous  rocks.  26  genera  and 
33  species  are  known  in  Britain.  Without  exception  they  all 
occur  in  one  or  the  other  of  the  divisions  of  the  Coal-measures. 

Prof.  Le  Koninck,  in  his  great  work  ('  Ann.  du  Mus.  Boy.  d'Hist. 
Nat.  de  Belg/  tome  ii.,  Faune  du  Calc.  Carb.  de  la  Belg.  pt.  i.),  has 
described  29  genera  and  44  species,  all  from  the  Carboniferous 
Limestone.  The  fauna  of  the  Coal-measures  in  Belgium  is  small 
compared  with  that  of  Britain. 

The  Lo  wee-Coal- me  asfee  genera  are  Amphiccelosaurus,  Amjphi- 
saiims.  Anthracerpeton,  Brachyscelis,  BatracMderpeton,  Discospon- 
dylus,  Dolichosoma,  Eipetocephalus,  Icktkyerpeton,  Kerateipeton, 
Lepterpeton,  Loxomma,  Ophiderpeton.  Labyrinthodontosaurus,  Lepto- 
gnathosaurus,  JIacrosaurus,  Megaloce-phalus,  Orihosauruf;,  Parabatra- 
chus,  Pholidogaster,  Streptodontosaurus,  and  Urocordylus. 

The  Middle- Co  al-measube  genera  are  only  3- — Anihraeosaurus, 
Megalerpeton,  and  holiderjpeton. 

Loocomma  and  Pteroplax  occur  in  both  Lower  and  Upper  Coal- 
measures. 

"We  are  chiefly  indebted  to  Professors  Huxley  and  Miall  for elaborate  researches  into  the  structure  and  affinities  of  the  extinct 

order  Labyrinthodontia,  a  group  eminently  characteristic  of  Carbo- 
niferous time ;  for,  with  the  exception  of  Bhiyiosaurus  from  the  Lias 

and  the  Jurassic  Brachyops,  no  remains  of  this  order  have  hitherto 
been  discovered  in  rocks  younger  than  the  Trias. 
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Table  XVI. —  Carboniferous. 
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The  Extension  of  the  Older  or  Paleozoic  Bocks  below  the 
Newer  or  Secondary  Formations. 

The  position  and  extension  of  the  Palaeozoic  rocks  beneath  the 
newer  formations  of  the  British  Islands  is  a  problem  of  deep  interest, 
and  is  now  occupying  much  attention  in  consequence  of  the  facts 
brought  to  light  by  the  numerous  trials  lately  made  either  for  the 
supply  of  water  or  in  search  of  minerals.  It  may  be  said  that  ever 
since  the  remarkable  trials  for  water  at  Harwich  and  Kentish  Town, 
and  also  the  still  more  remarkable  generalizations  (almost  predic- 

tions) of  R.  Godwin- Austen,  Esq.,  in  1856*,  and  Prof.  Prestwich  in 
1872  f,  with  reference  to  the  possible  extension  of  the  Coal-measures 
beneath  the  south-eastern  part  of  England,  the  minds  of  pure  geolo- 

gists have  been  excited  by  speculative  views,  and  desires  to  arrive 
at  some  knowledge  of  the  extension  or  distribution  of  old  land  or 
Palaeozoic  surfaces,  so  as  to  restore  to  the  eastward  in  England  the 
physical  geography  of  those  groups  of  rocks  which  now  constitute  so 
grand  a  feature  along  the  western  side  of  England,  Wales,  and  Scot- 

land, but  which  are  lost  or  covered  up  beneath  the  unconformable 

newer  or  Secondary  rocks.  West  of  long.  1°  30'  the  greater  part  of 
the  exposed  rocks  are  Palaeozoic,  ranging  from  the  Cambrian  to  the 
Coal-measures,  their  general  strike  being  about  N.E.  and  S.W. 
East  of  this  meridian  are  Secondary  and  Tertiary  rocks  of  great 
thickness,  which  doubtless  cover  the  easterly  extension  of  the  Palae- 

ozoic series  towards  the  European  continent.  The  geographical 
changes  of  land  and  sea  must  have  been  numerous  from  the  time 
of  the  consolidation  of  the  Cambrian  sea-bed  to  the  close  of  the 
Carboniferous  epoch,  the  rocks  of  the  latter  period  being  deposited 
in  depressions  and  valleys  of  the  older,  with  succession  or  position 
due  to  the  removal  of  the  subjacent  rocks.  With  the  old  and  wide 
extension  of  these  earliest-formed  masses  we  are  becoming  daily  more 
familiar.  Looking  at  the  physical  structure  of  the  south-western 
and  north-western  parts  of  the  British  Islands,  and  the  great  mass  of 
the  older  Palaeozoic  rocks  of  North  and  South  Wales,  it  is  evident 
that  from  the  Cheviots  to  Cornwall  the  oldest  rocks  in  Europe  are 
exposed,  their  eastern  extension  being  hidden.  The  Northumber- 

land and  Yorkshire  coal-fields  down  to  the  latitude  of  Notting- 
ham are  covered  and  deeply  buried  by  the  Triassic,  Jurassic,  and 

Cretaceous  rocks.  South  of  Nottingham  these  old  land  areas  are 
again  exposed ;  the  Charnwood  rocks  of  unknown  age,  the  associated 
coal-field  of  Ashby-de-la-Zouch,  with  the  Warwickshire  and  South- 
Staffordshire  coal-fields  stand  out  like  islands  in  the  midst  of  the  great 
Triassic  plain  of  mid-England ;  they  are  the  last  isolated  exposures 
or  remnants  of  Palaeozoic  land  seen  south  of  the  great  Penine  axis, 
A  line  drawn  from  the  Malvern  range,  due  south  to  the  Mendips, 
and  thence  to  Torquay,  will  define  absolutely  the  exposed  line  of 
demarcation  between  the  Palaeozoic  and  Mesozoic  rocks.  The  mass 
of  North  and  South  Wales  stands  out  in  bold  relief  westward 

*  Quart.  Journ.  Geol.  Soc.  vol.  xii.  pp.  38-46. 
t  Popular  Science  Eeview,  vol,  xi.  p.  241  (1872). 
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of  the  Severn  valley.  The  Old  Red  mountains  and  older  Silurian 

rocks  which  border  the  northern  edge  of  the  South -"Welsh  coal-field, as  well  as  the  Devonian  promontory  of  Cornwall  and  the  mass  of 
North  Devon,  isolated  as  they  appear  to  be  from  the  unconformity  of 
the  Secondary  rocks,  are  only  apparently  so  through  the  great  over- 

lap. Could  we  uncover  and  expose  the  old  Palaeozoic  floors  or  land- 
surfaces  with  all  their  irregularities,  doubtless  we  should  find 
that  the  eastern  face  of  the  Palaeozoic  plain  would  stretch  away 
under  the  north-eastern  and  south-eastern  counties  and  the 
German  Ocean,  the  newer  rocks  filling  up  the  irregularities  in  the 
old  land-surface-— this  denuded  plain  being  either  produced  by  the 
eroding  agency  of  the  Secondary  seas  during  the  slow  depression 
of  the  area  they  then  occupied,  or  previously  sculptured  and  fashioned 
into  hills  and  valleys  prior  to  the  deposition  of  the  Secondary  or 
Mesozoic  rocks.  The  Irish  Sea,  the  English  Channel,  and  the 
German  Ocean  are  only  hollows  in  the  land  occupied  by  the  several 
seas  around  the  British  coasts,  any  important  change  in  which 
would  alter  our  relative  position  to  the  continent  either  to  the  north, 
the  east,  or  the  south,  and  in  case  of  upward  movements,  would 
reveal  those  accumulations  which  have  gone  on  since  the  close  of  the 

Glacial  epoch.  Could  the  valleys  of  the  North  Sea  or  St.  George's 
Channel,  the  English  Channel,  and  the  German  Ocean  become  again 
dry  land,  we  should  again  be  restored  to  and  form  part  of  the  great 
European  plain  or  plateau,  and  those  stratigraphical  masses  that  are 
now  abruptly  cut  off  at  the  coast  all  round  the  British  Islands  would 
be  traced  in  broken  continuity  over  their  once  continuous  or  origi- 

nally connected  area.  Eurther,  could  we  strip  off  all  the  Secondary 
and  Tertiary  rocks,  and  reveal  or  expose  the  extension  of  the  older 
or  Palaeozoic  series  towards  Germany  on  the  east,  and  Prance  on 
the  south,  then  the  vexed  question  of  the  old  physical  geology  and 
geography  (palaeography)  of  Britain  and  the  relation  and  correlation 
of  our  area  with  that  of  Europe  would  be  revealed ;  the  once 
continuous  terrestrial  surface  joining  us  to  Europe,  and  probably 
America,  on  which  grew  and  flourished  the  flora  which  furnished 
the  materials  of  our  coal,  could  be  determined;  the  probable 
relation  of  the  underlying  or  partly  contemporaneous  Devonian  to 
both  the  Silurian  and  Carboniferous ;  the  reason  for  the  isolation  of 
the  Old  Red  Sandstone  in  different  geographical  areas,  marine  in 
one  area,  freshwater  in  another— the  one  with  a  well-defined  base 
and  top,  the  other  having  as  yet  no  discovered  base,  but  having  a 
well-defined  passage  into  the  Carboniferous ;  such  and  a  hundred 
other  problems  would  be  solved  could  this  old  floor  be  ours  to 
examine.  A  rise  of  a  thousand  feet  would  reveal  much  of  all  the  hidden 

older  land  east  of  long.  2°  W.,  or  all  eastward  of  that  which  extends from  the  southern  termination  of  the  Penine  chain  and  Charnwood 
Forest ;  for  we  now  know  that  as  far  south  as  Northampton^  and  at 

less  than  1000  feet "  in  depth,  the  Carboniferous  Limestone  occurs. 
Still  further  south,  and  but  little  deeper  (1184  feet),  the  Coal- 
measures  have  been  proved  at  Burford,  in  each  case  yielding  the 
characteristic  fossils,  the  limestone  at  Northampton  being  crowded 
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with.  2  species  of  corals,  Lithostrotiou  irregulare  and  Lonsdaleia  jlo- 
riformis  ;  the  Coal-measures  at  Burford  with  Cyclopteris  orbicularis, 
Neuropteris,  and  Pecopteris.  By  degrees  we  are  arriving  at  sufficient 
data  to  enable  us  to  judge  somewhat  of  the  physiography  of  these 
older  accumulations  or  formations  and  arriving  at  their  distribution. 
The  sources  of  the  oldest  sedimentary  strata  will  probably  ever 
remain  a  myster}' ;  the  materials  that  supplied  these  oldest  British 
strata  have  wholly  disappeared  ;  the  extent,  distribution,  and  dimen- 

sions of  the  Palaeozoic  series  all  afford  indications  and  proofs  of  the 
vast  regions  in  the  north  and  west  which  have  been  thus  denuded  or 
washed  away. 

This  brings  me  to  the  consideration  of  the  proof  of  the  extension 
of  the  Upper  Silurian  and  Devonian  rocks  eastward  of  the  Malvern 
chain,  the  Staffordshire  beds  (Dudley),  and  the  Bristol  Coal-basin, 
obtained  at  no  less  than  five  places,  if  not  six ;  the  seventh  was 
unfortunately  never  completed. 

The  oldest  rocks  yet  touched  are  the  Wenlock ;  they  were  deter- 
mined at  Ware,  in  Hertfordshire,  at  795  feet,  immediately  beneath 

the  Gault,  during  the  process  of  boring  for  an  extra  supply  of  water 
for  the  New  Biver  Company.    These  beds  dip  at  an  angle  of  40°  to 
the  S.E.;  consequently  their  strike  is  from  the  N.E.  to  the  S.W.;  and 
probably  the  Devonians  rest  upon  them  in  succession,  as  they  are 
known  to  occur  at  Turnford,  7  or  8  miles  to  the  south  of  Ware,  and 
continuously  on  to  London.    No  rocks,  however,  except  1  foot  of 

Lower  Greensand  ("  Carr  stone"),  came  in  between  the  Silurian  and 
the  Gault — the  Devonian,  Carboniferous,  and  all  the  Lower  Secondary 
rocks  being  unrepresented.    This  feature  in  the  palaeogeography 
of  the  eastern  region  of  England,  long  ago  anticipated  in  some  form 
by  Austen,  Prestwich,  and  Hull,  has  now  been  verified,  and  the  age 
of  the  rocks  determined.    The  line  occupied  by  the  Wenlock  rocks 
may  be  higher  or  nearer  to  the  north  than  was  hypothetieally  believed 
by  the  authors  above  mentioned,  but  not  more  so  than  the 
course  or  strike  of  the  Silurians  and  Devonians  wrould  probably 
take,  having  regard  to  the  position  of  the  Malvern,  Woolhope,  May- 
Hill,  and  Tortworth  Silurians  to  the  west,  although  the  Ware  beds 
can  hardly  be  referred  to  the  type  of  Silurian  rocks  that  exists  at 
the  places  above  named.    It  will  therefore  be  asked  whether  this 
Wenlock  at  Ware  is  of  British  or  continental  type ;  in  other  words, 
can  it  be  correlated  with  our  Welsh  or  English  tipper  Silurian,  or  is 
it  of  the  Ardennes  type  ?    Do  they  constitute  a  portion  of  the  Staf- 

fordshire (Dudley)  or  Shropshire  (Wenlock)  Silurians,  spreading  away 
eastwards  towards  Belgium  ?  or  are  they  a  prolongation  of  the  Silu- 

rians of  Belgium  to  the  west,  or  a  western  extension  from  the  con- 
tinent ?    In  other  words,  does  this  Wenlock  at  Ware  belong  to  the 

edge  of  another  basin  or  coast-line,  an  extension  from  Western 
Europe  or  Scandinavia,  or  an  easterly  expansion  of  the  Upper 
Silurian  of  the  Silurian  area?    The  facies  of  the  fossils  and  the 
characters  of  the  rock  in  all  essentials  are  decidedly  British ;  yet 
there  is  much  resemblance  to  the  Scandinavian  fauna,  a  prolongation 
of  the  rocks  containing  which  is  by  no  means  impossible  or  impro- 

ve!. XXXVII. r 
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bable.  On  the  whole,  however,  I  am  inclined  to  regard  the  Wenlocks 
under  Ware  as  part  of  the  continuous  and  old  denuded  Upper  Silurian 
surface  of  those  rocks  now  conspicuously  exposed  in  Herefordshire, 
Shropshire,  and  Worcestershire.  In  direct  E.  and  W.  line,  and  latitu- 
dinally,  the  Wenlock  rocks  of  Malvern,  Woolhope,  and  May  Hill  may 
(under  the  view  of  continuity)  claim  connexion ;  but  I  regard  the 
Ware  fossils  as  having  more  affinity  with  the  Wenlock-Edge  group, 
or  that  series  which  underlies  the  western  side  of  the  great  mass  of 
the  Old  lied  Sandstone. 

The  fossils  also  equally  resemble  those  of  the  Wren's  Nest  at 
Dudley,  where  the  dull  earthy  limestones  as  well  as  the  crys- 

talline ones  (as  at  Ware)  occur.  The  33  species  of  fossils  noticed 
in  the  cores  at  Ware  are  species  for  species  identical  with  those  of 

the  Wenlock  Edge  or  the  Wren's  Nest  (Dudley).  Could  we  remove 
the  overlying  Mesozoic  series  between  Ware  and  Burford,  and  again 
expose  the  Coal-measures  known  to  occur  there  at  the  depth  of 
1180  feet,  then  should  we  better  understand  the  thinning-out  of 
the  Triassic  and  Jurassic  series  eastwards  towards  this  Silurian 
ridge  or  plateau.  We  can  hardly  now  doubt  the  extension  of 
the  Burford  Coal-measures,  in  all  probability  terminating  against 
the  Silurian  or  Devonian  series  in  the  ■  Ware  region,  at  Turnford, and  near  London. 

To  what  distance  rocks  of  these  or  older  date  may  occur  north  of 
Ware  further  research  alone  can  decide.  We  have,  therefore,  under 
the  so-called  London  basin  an  axis  of  Palaeozoic  rocks,  two  divisions 
of  which  are  known,  the  Upper  Silurian  and  Devonian.  The  Lud- 

low rocks  may  be  expected  to  occur  under  or  a  little  south  of 
Hertford ;  for,  as  we  shall  see,  the  Devonians  set  in  between  Ware 
and  Turnford,  and  probably  occupy  the  entire  area  between  that 
place  and  London,  where  it  is  now  well  known  they  occur  under 
Tottenham  Court  Eoad.  The  boring  at  Ware  was>  carried  down 
797  feet  and  into  the  Wenlock  beds  to  the  distance  of  nearly 
50  feet,  or,  to  give  particulars : — Gravel  14  feet,  Chalk  416  feet, 
Chalk-marl  128  feet,  Upper  Greensand  77  feet,  Gault  160  feet,  and 
Lower  Greensand  (Carr  stone)  1  foot ;  the  boring  was  continued 
for  50  feet  in  the  Wenlock  Limestone,  and  without  the  intervention 
or  occurrence  of  the  Devonian.  We  are  thus  justified  in  stating 
that  the  old  Palaeozoic  land-surface  composed  of  Devonian  and 
Silurian  rocks  occupies  much  of  Middlesex  and  Hertfordshire  at  the 
mean  depth  of  970  feet ;  they  probably  extend  westward  to  the 
exposed  Silurian,  Devonian,  and  Carboniferous  areas  of  Cornwall, 
Devon,  and  Wales.  Harwich,  which  lies  80  miles  to  the  eastward 
and  10  miles  further  north,  and  probably  on  the  same  strike,  has 
revealed  Palaeozoic  rocks  at  a  depth  of  over  1000  feet ;  but  the  age  of 
these  Harwich  dark  clays  or  shales  was  never  clearly  made  out. 
This  question  of  the  depth  and  geographical  extension  of  these  oldest 
rocks  is  seldom  practically  tested  ;  for  no  mineral  wealth  of  sufficient 
value  occurs  below  the  Coal-measures  (Upper  Palaeozoic)  to  induce 
trial  or  experiment;  and  but  for  the  purpose  of  obtaining  water 
pure  and  in  quantity,  it  is  questionable  if  this  problem  would  have 
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been  solved  (at  present  at  least)  ;  had  the  Lower  Greensand  oc- 
curred in  its  normal  condition  as  a  water-bearing  stratum,  or  even 

had  the  Upper  Greensand  (above  the  Gault)  yielded  water  in  quan- 
tity, neither  at  Messrs.  Meux's,  at  Turnford,  nor  at  Ware  should  we 

have  touched  the  undoubted  and  unequivocal  Devonian  and  Silurian 
strata.  Eew  give  thought  to  or  are  aware  of  the  difference  that 
exists  in  the  thickness  of  rocks  of  the  same  age  in  different  yet  not 
very  remote  localities.  In  Britain  the  Cambrian  and  Lower  Silurian 
deposits  are  from  20,000  to  30,000  feet  in  thickness,  whilst  in 
Sweden  and  Russia  their  representatives  or  equivalents  in  time 
rarely  if  ever  exceed  1000  feet. 

This  difference  is  and  was  probably  due  to  the  form  and  nature  of 
the  Pre-Cambrian  land  on  which  the  newer  Cambrians  and  Silurians 
were  deposited ;  for  there  cannot  be  any  doubt  that  such  Pre- 
Cambrian  rocks  did  and  do  exist,  and  were  and  are  widely  extended, 
although  concealed  over  the  present  known  European  area,  and  that 
their  existence  was  connected  with  a  probable  great  geographical  ex- 

tension westwards  of  the  British  Islands.    The  plateau  governed  by 
the  100-fathom  level  that  surrounds  the  British  Islands  is  part  of 
this  extension,  on  which  all  our  physical  changes  have  taken  place. 
Probably  the  crystalline  rocks  of  Scandinavia,  parts  of  North  Wales, 

North-west  Ireland,  St.  David's,  and  the  Hebrides  are  exposed  areas 
of  this  Pre-Cambrian  stage  of  the  highest  antiquity,  and  were  covered 
on  their  submerged  and  denuded  masses  by  the  Longmynd,  Harlech, 
:id  St. -David's  rocks,  which  in  their  turn  were  succeeded  in 

some  areas  by  the  Lingula-flags,  the  Tremadoc,  and  Arenig,  life- 
groups  of  antiquity  so  high  that  we  have  no  formula  to  express  their 
age,  or  when  life  first  appeared  in  the  seas  of  the  British  Islands. 
As  yet  we  have  no  evidence  relative  to  these  formations  occur- 

ring eastward  of  the  Penine  chain,  of  which  Charnwood,  Ashby- 
de-la-Zouch,  and  the  Warwickshire  coal-field  are  the  most  southerly 
exposures  ;  but  we  have  lately  unexpectedly  determined  the  presence 
of  the  Carboniferous  Limestone  below  Northampton  at  the  depth  of 
890  feet*.    This  has  carried  still  further  south  the  Penine  axis, 
and  would  lead  us  to  expect  that  between  Northampton  and  the 
exposed  Coal-measures  of  Atherston  and  Nuneaton  an  extended  coal- 

field may  occur.    What  relation  the  Burford  coal  on  the  south  may 
have  is  conjectural  only ;  but  I  am  disposed  to  regard  the  whole  as 
one  greatly  extended  coal-tract.    We  must  now  regard  the  Carbo- 

niferous Limestone  of  Northampton  in  longitude  1°  30'  W.  as  the 
most  easterly  known  in  England ;  and  no  Triassic  rocks  cover  this 
limestone,  a  few  feet  only  of  undeterminable  rocks  occur  between  it 
and  the  Lower  Lias  f .  Whether  the  New  Red  has  thinned  away  entirely 
here,  or  it  happens  to  be  accidentally  absent,  is  a  question ;  but  at 
Burford  on  the  same  strike  and  relative  position  there  is  a  consider- 

able thickness  of  Triassic  rocks,  and  to  the  N.  and  N.  W.  also  every- 
*  In  the  cores  brought  up  I  determined  the  presence  of  Lithostrotion  junceum 

and  Lonsdaleia  floriformis  in  abundance. 
t  The  cores  brought  up  are  15  inches  in  diameter.  This  great  undertaking, 

as  well  as  those  at  Turnford  and  Chatham,  were  carried  on  by  Messrs.  Docwra 
and  Grulland  with  their  new  machinery. 
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where.    The  Upper  Devonian  beds  were  first  determined  by  myself 

at  Messrs.  Menx's  ;  they  are  of  the  true  N.  Devon  and  N.  Cornwall 
Devonian  type — dark  chocolate-coloured  semi-slates  containing  the 
characteristic  shells  Spirifera  disjuncta  and  ffliynchonella  cuboides 
&c.   This  discovery  solved  the  problem  of  the  existence  of  Palaeozoic 
rocks  at  an  accessible  depth  under  London,  and  of  the  absence  of 
the  Jurassic  series.    Immediately  above  the  Devonian  occurred  the 
Lower  Greensand,  abnormal  in  all  conditions  save  the  never- failing 
test  of  fossil  remains,  and  what  few  occurred  left  no  doubt  as  to  the 
age  of  this  at  first  somewhat  doubtful  rock.    Trigonia  alceformis, 
Cardium  Hillanum,  Trochoeyaihus  Harvey  anus,  and  Gerithia,  &c, 
added  to  the  general  facies,  immediately  settled  the  question  of  age  ; 
neither  of  the  other  four  borings  exhibited  any  signs  of  the  true 
Lower  Greensand.    At  Ware  and  Turnford  the  Gault  rested  upon 
from  8  to  10  inches  of  theCarr  stone,  and  this  was  all  that  represented 
the  Neocomian  rocks  beyond  the  65  feet  of  chalky  oolitic  subcal- 
eareous  abnormal  Lower  Greensand ;  all  the  borings  show  that  the 
Neocomian  (Lower  Greensand)  is  interrupted  on  the  north  by  the 
underground  Palaeozoic  ridge.    The  geographical  extent  or  surface- 
area  occupied  by  the  Devonian  of  North  Devon  between  the  Pilton 
beds  on  the  south  and  the  Linton  beds  on  the  north  (15  miles), 
where  we  believe  we  have  the  full  thickness  of  the  whole  series,  is 
as  near  as  possible  that  known  to  occur  between  London  and  Turn- 
ford,  assuming  that  the  strike  of  the  North-Devon  beds  is  directly 
towards  the  London  area,  and  thence  on  towards  Belgium  and  the 
Rhine  (Eifel  and  Coblentz).    The  Devonian  cores  brought  up  at 
both  localities  (Tottenham  Court  Road  and  Turnford)  yielded  the 
same  characteristic  fossils ;  and  the  beds  dipped  at  the  same  angle 

at  both  places,  30°  S.E. — the  plane  of  the  old  land-surface  being 
1148  feet  below  London,  and  980  feet  below  Turnford,  showing  a  dif- 

ference in  level  of  168  feet,  due  either  to  dip  or  denudation.   I  should 
believe  the  difference  was  due  rather  to  denudation  along  or  over  a 
given  plane  striking  from  S.W.  to  N.E.    Where  the  junction  of  the 
Upper  Devonian  and  Wenlock  rocks  may  take  place  between  Turn- 

ford and  Ware  it  is  difficult  to  say  ;  but  if  we  infer  that  the  Ludlow 
and  Lower  Devonian  beds  occur  above  the  Wenlock,  dipping  south 
between  Ware  and  Turnford,  then  there  is  little  room  for  them,  and 
the  Upper  Devonian  must  cease  at  no  great  distance  north  of  Turnford. 
Looking  at  the  thickness  of  the  Lower  Devonian  in  North  Devon,  and 
regarding  it  as  maintaining  the  same  in  its  strike  under  Wiltshire, 
Buckinghamshire,  Middlesex,  and  Hertfordshire,  there  is  room  in 

the  8  miles  from  S.  to  N.  at  the  dip  of  30°  S.  for  the  presence  of  the 
Lower  Devonian  and  Ludlow.    We  need  not  assume  that  the  Lud- 

low beds  do  occur,  any  more  than  we  should  expect  to  find  the  great 
sandy  and  gritty  group  of  the  Foreland,  whatever  it  may  repre- 

sent.   The  old  land-surface,  therefore,  of  Devonian  and  Old  Red 
Sandstone  of  the  southern  half  of  England  must  have  extended  from 

near  Yarmouth  (lat.  N.  52°  30'),  descending  by  a  gentle  southerly 
curve  to  about  Leighton  Buzzard,  thence  lising  to  the  Wenlock  pro- 

montory, and  again  sharply  deflected  S.W.  to  Milford  Haven,  and 
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on  under  the  Bristol  Channel  to  Cornwall,  all  east  of  the  Mendip 
Hills  being  now  covered  by  the  Secondary  and  Tertiary  strata — 
thus,  I  think,  showing-  that  a  widely  spread  floor  of  these  Palaeozoic 
rocks  occurs  under  the  extensive  region  of  the  southern  half  of 
England,  and  which  could  as  easily  be  shown  to  occur  in  the  north 
and  in  Ireland,  but  under  different  conditions. 

Now  that  the  Ware  Upper  Silurians  have  been  proved  to  dip  to 
the  south,  we  may  anticipate  the  occurrence  of  the  more  ancient  or 
lower  series  further  north  towards  Cambridge,  Huntingdon,  and 
Peterborough.  Whether  in  their  extension  northwards  they  may 
be  of  Scandinavian  type  we  can  only  surmise,  unless  the  Westmore- 

land and  Cumberland  Silurians  pass  under  the  unconformable  and 
overlapping  Carboniferous  group  of  the  Penine  chain  as  a  con- 

tinuous floor  or  old  surface  to  the  south. 
Since  the  determination  of  the  existence  of  the  Devonian  rocks 

north  of  the  Thames  to  Turnford,  and  of  the  Upper  Silurian  at  Ware, 
below  the  Cretaceous  rocks  at  the  depth  of  800  feet,  our  views  rela- 

tive to  the  distribution  of  the  Coal-measures  have  materially  altered. 
It  is  clear  that  all  the  stratified  rocks  between  the  Silurian  and  Gault 
and  the  Devonian  and  Gault  are  wanting  or  not  represented  ;  in  other 
words,  the  whole  of  the  Carboniferous,  Triassic,  and  Jurassic  rocks, 

and  the  Purbecks,  &c.  are  missing  north  of  the  Thames  to  lat.  52°  10'. 
This  shows  the  great  unconformable  overlap  upon  the  Silurian  and 
Devonian  floor  to  the  west.  Had  the  sub-Wealden  boring  been 
completed,  the  problem  as  to  extension  would  have  been  solved. 
Unfortunately  for  science  this  undertaking  was  never  completed, 
and  the  problem  remained  unsolved;  the  ancient  land  was  not 
discovered.  We  must  rest  content  with  the  hypothesis  of  Mr. 
Godwin- Austen  as  to  the  area  where  we  should  expect  to  find  the 
Coal-measures,  probably  ranging,  as  he  suggests,  under  or  north  of 
the  North  Downs.  Life  must  indeed  have  been  most  abundant  and 
prolific  in  the  Wenlock  sea  of  the  Ware  locality ;  for  so  rich  in 
fossils  are  these  Ware  beds  that  no  less  than  33  species  were 
obtained,  all  belonging  to  the  Wenlock  series,  furnishing  sufficient 
data  in  themselves  to  establish  and  determine  the  age  of  the  rocks 
in  which  they  occur. 

The  five  borings  in  the  London  area,  or  within  the  London  basin, 
within  a  radius  of  20  miles,  Ware  being  the  furthest  removed,  taking 
them  in  the  order  in  which  they  were  sunk,  may  be  thus  enume- 

rated: — No.  1.  Kentish  Town,  1300  feet  deep ;  the  London  clay 
passed  through  was  350  feet  thick,  the  Heading  beds  50  feet,  and 
the  Thanet  sands  15  feet,  Upper  Chalk  250  feet,  Chalk-marl  30  feet, 
Upper  Greensand  10  feet,  Gault  60  feet,  and  190  feet  of  red  sandy 
rock  believed  to  be  Old  Eed  Sandstone  or  a  condition  of  the  Devo- 

nian ;  the  depth  passed  through  was  1300  feet. 
No.  2.  The  Crossness  new  well  bore-hole  about  1030  feet  deep. 

No  London  clay  proper  occurred  in  this  sinking ;  the  alluvial  clay 
and  gravel  immediately  below  the  ordnance  level  was  20  feet  thick, 
and  rested  upon  the  Woolwich  and  Reading  and  Thanet  beds,  here 
about  100  feet  thick,  the  Chalk  620  feet,  the  Upper  Greensand 
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33  feet,  the  Gault  135  feet,  succeeded  by  loose  red,  coarse,  and  fine 
sand,  having  all  the  appearance  of  the  New  Red  Sandstone,  and 
resembling  the  Kentish-Town  Red  series. 

The  boring  No.  3,  the  most  important  in  geological  results, 
was  that  at  Messrs.  Meux's,  Tottenham  Court  Road.  The  London 
Tertiaries  here  attained  to  156  feet,  the  Upper  Chalk  440  feet, 
the  Lower  Chalk  and  Chalk-marl  215  feet,  the  Gault  and  Upper 
Greensand  190  feet,  the  Neocomian  (of  peculiar  type)  64  feet ; 
beneath  this  occurred  the  Upper  Devonian  shales  at  the  depth  of 
1064  feet,  with  characteristic  fossils,  Spirifera  disjuncta,  Edmondia, 
Rhynchonella  cuboides,  Orthis  sp.,  &c.  This  was  the  first  indication 
of  the  presence  of  rocks  older  than  the  Neocomian  east  of  North 
Devon  and  north  of  the  latitude  of  London,  clearly  showing  the 
easterly  extension  of  the  Palaeozoic  rocks  from  the  western  side  of 
England,  and  extending  towards  Holland  and  Belgium.  This  boring 
therefore  may  be  considered  classical ;  it  has  revealed  to  us  what 
was  surmised  intuitively  by  Mr.  Godwin-Austen  and  Prof.  Prest- 
wich.  Turnford  and  Ware  have  revealed  other  facts  of  nearly  equal 
significance,  and  at  the  depth  of  940  feet  and  800  feet. 

The  4th  boring  is  that  at  Turnford,  12  miles  north  of  London, 
where  the  London  Tertiaries  are  100  feet  thick,  the  Chalk  620  feet, 
the  Upper  Greensand  15  feet,  the  Gault  135  feet,  the  Neocomian, 
of  the  Carr-stone  type,  about  12  inches.  We  here  again  prove  the 
position  of  the  dark  chocolate-coloured  LTpper  Devonian  rocks 
crowded  with  characteristic  fossils  ;  at  the  depth  of  940  feet  I 
obtained  Spirifera  disjuncta,  Rhynchonella  cuboides,  Rhodocrinus, 
Strophomena  rhomboidalis,  Edmondia,  Pterinwa,  Avimlopecten, 
Modiola,  Avicida  damnoniensis,  A.  texturata,  Fenestella,  Tenta- 
culites,  &c. 

The  5th  trial  or  boring  for  water  was  at  Ware,  east  of  Hertford, 
and  due  north  of  the  Turnford  boring.  The  boring  commenced 
here  in  the  Upper  Chalk,  which  is  416  feet  thick,  followed  by  the 
Chalk-marl  125  feet,  the  Upper  Greensand  77  feet,  and  the  Gault 
160  feet,  the  Neocomian  a  trace  only  (8  inches),  and  of  the  Carr- 
stone  type,  resting  upon  an  eroded  surface  of  Upper  Silurian  Lime- 

stone. The  probable  relation  of  these  beds  to  the  typical  Wenlock 
series  of  Wales  and  Shropshire  I  have  discussed  in  the  earlier 
portion  of  this  section.  No  less  than  20  species  of  Brachiopoda 
alone,  with  13  other  species,  occur  and  are  given  in  the  list ;  and 
all  were  extracted  from  a  core  less  than  3  feet  in  length  and  1  foot 
in  diameter. 

The  species  collected  were  the  following : — 
I.  Protozoa  :  Ischadites  Koenigii,  Murch.  II.  Echinodermata  : 

Periechocrinus  moniliformis  and  Taxocrinus  sp.  III.  Annelida  :  Ten- 
taculites  ornatus,  Sow.  IV.  Crustacea  :  Phacops  caudatus,  Brongn. 
Molltjsca  Brachiopoda  :  Orthis  canaliculata,  Dalm. ;  O.  eler/antula, 
Dalm.;  Meristella  tumida,  Dalm.;  Cyrtia  expor recta,  Wahl. ;  Spirifera 
elevata,  Dalm. ;  S.  plicatella,  Linn.  ;  Athyris  sp.  ;  Crania  implicata, 
Sow.  ;  Rhynchonella  cuneata,  Dalm. ;  Atrypa  reticularis ;  Pentamerus 
falcatus,  Dalm. ;  P.  linguifer,  Sow. ;  Strojrfiomena  euglypha,  Dalm. ; 
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S.  reticulata,  M'Cojr ;  S.  depressa,  Dalm. ;  S.  rhomboidalis,  Wahl. ; 
S.  antiquata,  Sow. ;  Chonetes  sp. ;  Leptcena  sericea,  Sow. ;  L.  trans- 
versalis,  Dalm.  Conchifera  :  Ctenodonta  sp.  ;  Pterincea  sp.  ; 
Mytilus  mytilimeris,  Conr. ;  Orthonota  rigida,  Sow.  Gasteropoda  : 
EuompJialus  rugosus,  Sow.  Cephalopoda  :  Orthoceras  attenuaturn, 
Sow. ;  0.  angxdatum,  Wahl. ;  and  Orthoceras  sp. 

These  five  borings  within  the  metropolitan  area  are  of  infinite 
scientific  as  well  as  economic  value;  and  in  addition  the  equally 
important  trials  at  Burford  due  west  of  Ware,  and  that  of  North- 

ampton N.W.  of  London,  open  up  important  questions  as  to  the 

deeply-seated  structure  of  the  triangular  area  having  WTare  and 
Burford  at  its  base  and  Northampton  at  its  apex.  Have  we  within 
the  rolls  and  folds  of  the  Devonian  rocks  as  they  strike  across 

England  between  latitude  51°  and  52°  any  still  undiscovered  coal- 
tracts  ?  is  the  Bristol  coal-field  repeated  to  the  east  and  N.E.  to 
Burford,  with  the  underlying  Devonian  in  place  to  the  south-east  ? 
It  would  appear  so  when  we  regard  the  bearing  and  strike  of  the 
older  rocks  towards  the  continent.  The  geological  importance  and 
interest  of  these  borings  is  their  revelation  to  us  of  the  old  Palaeo- 

zoic land-surfaces,  whether  coast-lines  or  tablelands,  theoretically 
enabling  us  to  reconstruct  the  physiography  of  those  land-masses, 
concealed,  yet  connected  to  now  exposed  areas,  whether  British, 
European,  or  even  American. 

February  23,  1881. 

Robert  Etheridge,  Esq.,  E.R.S.,  President,  in  the  Chair. 

William  Henry  Goss,  Esq.,  Rode  Heath,  Cheshire,  and  Stoke- 
upon-Trent,  Staffordshire,  was  elected  a  Eellow  of  the  Society. 

The  following  communications  were  read  : — 

1.  A  letter  from  Dr.  John  Kirk,  communicated  to  the  Society  by 
the  Right.  Hon.  Earl  Granville,  dated  : — 

"  H.M  Agency  and  Consulate  General, 
Zanzibar,  December  20,  1880. 

"  My  Lord, 
"  It  may  be  of  interest  to  record  the  occurrence  here  of  an 

earthquake-shock  felt  in  the  island  of  Zanzibar  at  6.58  a.m.,  mean 
time,  on  the  morning  of  the  18th  inst. 

"  Although  the  shock  was  very  distinct,  no  damage  appears  to 
have  been  done  to  any  buildings  in  town. 

"  It  is  now  twenty-four  years  since  a  similar  shock  has  been  here 
noticed ;  but  on  the  mainland,  especially  in  the  vicinity  of  Ujiji, 
they  are  both  more  common  and  more  severe  than  at  the  coast. 

"  Shortly  after  the  cable  was  laid  between  Mozambique  and 
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Delagoa  Bay,  the  communication  was  suddenly  interrupted  after 
one  of  these  earthquake-shocks,  which  seems  to  have  caused  the 
falling  in  of  rocks  by  which  the  cable  was  crushed. 

"  I  have  the  honour  to  be  &c, "  John  Kirk, 

H.M.  Agent  and  Consul-General^  Zanzibar." 
"  The  Right  Honourable 
Earl  Granville,  Sfc. 

London." 
2.  "  The  Permian,  Triassic,  and  Liassic  Rocks  of  the  Carlisle 

Basin."    By  T.  V.  Holmes,  Esq.,  F.G.S. 

3.  "  On  Astroconia  Granti,  a  new  Lyssakine  Hcxactinellid  from 
the  Silurian  Formation  of  Canada.''  By  Prof.  W.  J.  Sollas,  M.A., F.G.S. 

The  following  objects  were  exhibited  : — 

Specimens  illustratiDg  the  transformation  of  Spodumene  into 
Felspars,  from  Branchville,  Connecticut,  exhibited  by  H.  Bauer- 
man,  Esq.,  F.G.S. 

Canine  of  Deuterosaurus  biarmicus,  Eichw.,  from  the  Upper  Per- 
mian of  Kargalinsk  Steppe,  Russia,  exhibited  by  W.  H.  Twelvetrees, 

Esq.,  F.G.S. 

Plates  prepared  for  the  illustration  of  the  next  part  of  Dr.  A. 
Fritsch's  'Fauna  der  Gaskohle  und  der  Kalksteine  der  Permfor- 
mation  Bohmens.' 

March  9,  1881. 

Robert  Etheridge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Robert  Thompson  Burnett,  Esq.,  Irlams  o'th'Height,  near  Man- 
chester ;  "William  Erasmus  Darwin,  Esq.,  B.A.,  Basset,  South- ampton ;  Charles  James  Fox,  Esq.,  26  South  Molton  Street,  W. ; 

and  the  Rev.  T.  Granger  Hutt,  M.A.,  Sedbergh,  Yorkshire,  were 
elected  Fellows  of  the  Society. 

The  following  communications  were  read  : — 

1.  "  Description  of  Parts  of  the  Skeleton  of  an  Anomodont  Reptile 
(Platypodosaurus  robustus,  Ow.). — Part  II.  The  Pelvis."  By  Prof. 
Owen,  C.B.,  F.R.S.,  F.G.S.,  &c. 

2.  "  On  the  Order  Theriodontia,  with  a  Description  of  a  new 
Genus  and  Species  (JElurosaurus  felinus,  Ow.)."  By  Prof.  Owen, 
C.B.,  F.R.S.,  F.G.S. 

3.  "  Additional  Observations  on  the  Superficial  Geology  of  British 
Columbia  and  adjacent  regions."  By  G.  M.  Dawson,  Esq.,  D.Sc, F.G.S. 
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The  following  specimens  were  exhibited : — 

Skull  of  JEliirosaurus  felinus,  exhibited  by  Prof.  Owen,  in  illus- 
tration of  his  paper. 

Incisor  tooth  of  Deuterosaunis  biarmicus,  Eichw. ;  and  a  Eepti- 
lian  canine  from  the  Upper  Permian  Cupriferous  Sandstones  of 
Kargalinsk  Steppe,  near  Orenburg,  exhibited  by  W.  H.  Twelvetrees, 
Esq.,  F.G.S. 

March  23,1881. 

R.  Etheeidge,  Esq.,  F.B.S.,  President,  in  the  Chair. 

Rev.  Daniel  Dutton,  Sydney  Street,  Wellington,  jSTew  Zealand  ; 
and  Capt.  George  Ernest  A.  Eoss,  170  Cromwell  Eoad,  S.  W.,  were 
elected  Eellows  of  the  Society. 

The  following  communications  were  read  : — 

1.  "  The  Upper  Greensands  and  Chloritic  Marl  of  the  Isle  of 
Wight."    By  C.  Parkinson,  Esq.,  F.G.S.  * 

2.  "  On  the  Flow  of  an  Ice-sheet,  and  its  connexion  with 
Glacial  Phenomena."    By  Clement  Eeid,  Esq.,  F.G.S.* 

3.  "  Soil-cap  Motion."  By  E.  W.  Coppinger,Esq.  Communicated 
by  the  President. 

The  following  specimens  were  exhibited  : — 

A  large  pebble  from  the  Gault  of  Folkestone,  exhibited  by  J.  S. 
Gardner,  Esq.,  F.G.S. 

Some  recent  Centipedes,  killed  near  Upata,  60  miles  S.E.  of  Las 
Tablas,  on  the  Orinoco  Eiver,  exhibited  by  G.  Attwood,  Esq., 
F.G.S. 

April  6,  1881. 

J.  W.  Htjlke,  Esq.,  F.E.S.,  Vice-President,  in  the  Chair. 

Edward  F.  Boyd,  Esq.,  Moor  House,  Leamside,  Fence  Houses  ; 
Herbert  de  Haga  Haig,  Esq.,  Lieut.  E.E.,  Staff  College,  Camberley, 

Farnboro'  Station ;  J.  C.  Margetson,  Esq.,  2  Spring  Hill,  Kings- 
down,  Bristol ;  Edward  David  Price,  Esq.,  Collegiate  School, 
Hounslow;  and  James  Tonge,  Esq.,  Woodbine  House,  West- 
houghton,  Bolton-le-Moors,  were  elected  Fellows  of  the  Society. 

*  This  paper  has  been  withdrawn  by  the  author  with  the  permission  of  the 
Council. 
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The  following  communications  were  read  : — 

1 .  "  The  Microscopic  Characters  of  the  Vitreous  Kocks  of  Montana, 
U.S."  By  F.  Rutley,  Esq.,  F.G.S. ;  with  an  Appendix  by  James 
Eccles,  Esq.,  F.G.S. 

2.  "  On  the  Microscopic  Structure  of  Devitrified  rocks  from  Bedd- 
gelert,  Snowdon,  and  Skomer  island."    By  E.  Rutley,  Esq.,  F.G.S. 

3.  "  The  Date  of  the  last  Change  of  Level  in  Lancashire."  By 
T.  Mellard  Eeade,  Esq.,  C.E.,  E.G.S. 

The  following  specimens  were  exhibited  : — 

Specimens  of  arsenical  silver-ore  from  Gunnison,  Colorado,  ex- 
hibited by  H.  Bauerman,  Esq.,  F.G.S. 

Rocks  and  rock-sections,  exhibited  by  F.  Rutley,  Esq.,  in  illustra- 
tion of  his  papers. 

April  27,  1881. 

R.  Etheeidge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Samuel  Gerrard  Kirchhoffer,  Esq.,  M.A.,  Yately  Grange,  Farn- 

boro'  Station ;  Arthur  Henry  Shakespere  Lucas,  Esq.,  The  Leys, 
Cambridge  ;  and  Frederick  Thomas  Nelson  Spratt,  Esq.,  Lieut.  R.E. 
Clare  Lodge,  Tunbridge  Wells,  were  elected  Fellows  of  the  Society. 

The  following  communications  were  read  : — 

1.  "On  the  precise  Mode  of  Accumulation  and  Derivation  of  the- 
Moel  Tryfan  Shelly  Deposits  ;  on  the  Discovery  of  similar  high-level 
Deposits  along  the  Eastern  Slopes  of  the  Welsh  mountains  ;  and  on 
the  Existence  of  Drift-zones  showing  probable  Variations  in  the  Rate 

of  Submergence."    By  D.  Mackintosh,  Esq.,  F.G.S. 

2.  "  On  the  Correlation  of  the  Upper  Jurassic  rocks  of  England 
with  those  of  the  Continent."  By  the  Rev.  J.  F.  Blake,  M.A., F.G.S.    Part  I.  The  Paris  basin. 

3.  "On  Fossil  Chilostomatous  Bryozoa  from  the  Yarra-Yarra, 
Victoria,  Australia."    By  Arthur  William  Waters,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Upper  molar  of  an  extinct  species  of  Elephant  from  the  Sivalic 
Older  Pliocene  (?),  and  Plant-remains  in  ironstone  nodules  from  Coal- 
brook  Dale,  exhibited  by  E.  Charlesworth,  Esq.,  F.G.S. 

Specimens  from  Moel  Tryfan  and  Frondeg  gravel-pit,  Denbigh- 
shire, exhibited  by  D.  Mackintosh,  Esq.,  in  illustration  of  his  paper. 
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May  11,  1881. 

E.  Etheridge,  Esq.,  F.H.S.,  President,  in  the  Chair. 

Joseph  Deeley,  Esq.,  Ruabon,  North  Wales  ;  George  Kilgour,  Esq., 
C.E.,  E.R.A.S.,  Dutoit's  Pan,  Griqualand  West,  South  Africa;  and 
Roderick  William  MacLeod,  Esq.,  Bengal  Staff  Corps,  55  Parliament 
Street,  W.,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  "  ISTotes  on  the  Eish-remains  of  the  Bone-bed  at  Aust,  near 
Bristol,  with  the  Description  of  some  new  Genera  and  Species."  By 
James  W.  Davis,  Esq.,  E.S.A.,  E.G.S. 

2.  "  On  some  Fish-spines  from  the  Coal-measures."  By  J.  W. 
Davis,  Esq.,  F.S.A.,  F.G.S. 

3.  "  On  some  specimens  of  Diastopora  and  Stomatopora  from  the 
Wenlock  Limestone."    By  Francis  D.  Longe,  Esq.,  F.G.S. 

[Abstract.] 

Mr.  Longe  showed  and  described  some  specimens  of  Bryozoa  from 
the  Wenlock  Limestone  of  Dudley,  which  he  compared  with  corre- 

sponding forms  from  the  Oolites  and  later  periods,  and  pointed  out 
the  close  similarity  of  the  Silurian  with  the  later  forms,  in  respect 
of  the  shape  and  dimensions  of  the  cells,  as  well  as  in  the  habit  of 
coenoecic  growth. 

Alluding  to  some  other  Palaeozoic  forms,  assigned  to  the  Bryozoa 
under  the  generic  names  of  Berenicea  and  Qeramopora,  he  pointed 
out  the  difference  between  the  shape  of  the  cells  in  these  forms  and 
those  which  he  had  described,  and  expressed  a  doubt  whether  they 
should  be  classed  as  Bryozoa  at  all. 

On  the  other  hand,  he  referred  to  some  specimens  described  by 
Professor  Nicholson  (Ann.  &  Mag.  Nat.  Hist.  vol.  xv.  1875)  under 
the  names  of  Alecto  auloporoides  &c.  as  having  the  true  Bryozoan 
cell,  and  furnishing  additional  evidence  of  the  existence  in  the 
Silurian  seas  of  forms  of  Bryozoa  which,  though  very  abundant  in 
the  Oolites  and  at  all  subsequent  periods,  were  not  generally  sup- 

posed to  have  existed  in  the  Palaeozoic  period. 

Discussion. 

The  President  stated  that  the  genus  Aulopora  had  never  been 
referred  to  the  Bryozoa  before,  but  to  the  Actinozoa.  He  demurred 

to  the  use  of  the  term  "  rjlant"  as  applied  to  the  Bryozoa. 
The  Author  stated  that  the  object  of  his  paper  was  to  prove  that 

in  the  Wenlock  beds  he  had  found  forms  quite  undistinguishable 
from  Stomatopora  or  Alecto,  and  Diastopora  or  Berenicea  of  later 
periods.    He  had  not  confounded  Aulopora  with  the  Bryozoa. 
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4.  "  On  a  new  Species  of  Plesiosaurus  (P.  Conybeari)  from  the 
Lower  Lias  of  Charmouth,  with  Observations  on  P.  megaceplialus, 

Stutchbury,  and  P.  brachycephalus,  Owen."  By  Prof.  W.  J.  Sollas, 
M.A.,  F.R.S.E.,  F.G.S.,  &c,  Professor  of  Geology  in  University 
College,  Bristol ;  accompanied  by  a  Supplement  on  the  Geological 
Distribution  of  the  Genus  Plesiosaurus,  by  G.  F.  Whidborne,  Esq., 
M.A.,  F.G.S. 

5.  "  On  certain  Quartzite  and  Sandstone  Fossiliferous  Pebbles  in 

the  Drift  in  "Warwickshire,  and  their  probable  identity  with  the  true Lower-Silurian  Pebbles,  with  similar  fossils,  in  the  Trias  at  Bud- 
leigh  Salterton,  Devonshire."  By  the  Bev.  P.  B.  Brodie,  M.A., E.G.S. 

The  following  specimens  were  exhibited : — 

Eish-spines  and  Teeth,  exhibited  by  J.  W.  Davis,  Esq.,  E.G.S.,  in 
illustration  of  his  papers  ;  and 

Specimens  of  Diastopora  and  JStomatopora,  exhibited  by  E.  D. 
Longe,  Esq.,  F.G.S.,  in  illustration  of  his  paper. 

May  25,  1881. 

R.  Etherilge,  Esq.,  F.R.S.,  President,  in  the  Chair. 

Rev.  Tom  Bullock  Hardern,  M.A.,  LL.M.,  Burnham  Overy,  Lynn, 
Norfolk,  was  elected  a  Fellow  of  the  Society. 

The  following  specimens  were  presented  to  the  Museum  : — The 
type  specimens  illustrating  the  "  Note  on  the  'Tubulations  Sableuses' 
of  the  4  Etage  Bruxellien'  in  the  Environs  of  Brussels"  by  H.  J. 
Carter,  Esq.,  F.R.S.  (Ann.  &  Mag.  Nat.  Hist.  May  1877),  who 
presented  them. 

The  following  communications  were  read  : — 

1.  "  On  the  Discovery  of  some  Remains  of  Plants  at  the  base  of 
the  Denbighshire  Grits,  near  Corwen,  North  Wales:'  By  Henry 
Hicks,  M.D.,  F.G  S.  With  an  Appendix  by  R.  Etheridge,  Esq!, 
F.R.S.,  Pres.  Geol.  Soc. 

2.  "Notes  on  a  Mammalian  Jaw  from  the  Purbeck  Beds  at 

Swanage,  Dorset."  By  Edgar  W.  Willett,  Esq.  Communicated  by the  President. 

The  following  specimens  were  exhibited  : — 
Specimens  of  the  Reptile  Fauna  of  the  Gosau  Formation,  exhibited 

by  Prof.  H.  G.  Seeley,>.R.S.,  F.G.S. ;  and 
Specimens  exhibited  by  Messrs.  Hicks  and  Willett  in  illustration 

of  their  papers. 
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June  8,  1881. 

E.  Etheeidge,  Esq.,  F.B.S.,  President,  in  the  Chair. 

The  Meeting  was  made  a  Special  General  Meeting  for  the  election 
of  a  Member  of  the  Council  in  the  room  of  the  late  Sir  P.  de  Malpas 
Grey-Egerton,  Bart.,  M.P.,  F.E.S.,  F.G.S. 

The  Peesident  announced  that  the  late  Sir  Philip  Egerton  had 
bequeathed  to  the  Society  all  the  original  drawings  made  from 
specimens  in  the  collection  of  the  Earl  of  Enniskillen  for  the  illus- 

tration of  Prof.  Agassiz's  works  on  Fossil  Fishes.  The  Society  had 
long  possessed  the  drawings  made  for  the  same  purpose  from  the 

Earl  of  Ellesmere's  collection,  and  some  years  ago  the  Earl  of 
Enniskillen  presented  those  which  had  been  prepared  from  speci- 

mens in  the  possession  of  Sir  Philip  Egerton.  Sir  Philip  Egerton's 
kind  bequest  would  complete  this  interesting  series. 

Mr.  John  Evans  remarked  that  on  this,  as  on  so  many  other 
occasions,  the  Society  was  deeply  indebted  to  the  kindness  of  the 
late  Sir  Philip  Egerton,  and  proposed  that  the  President  and  Secre- 

taries should  be  instructed  to  communicate  with  Sir  Philip's  repre- 
sentatives, and  to  express  the  gratitude  of  the  Society  for  this 

bequest  and  their  condolence  with  his  relatives  on  the  loss  they 
have  sustained. 

Prof.  W.  Boyd  Dawkins  seconded  this  proposal,  which  was  carried 
unanimously. 

The  ballot  for  a  new  member  of  Council  was  kept  open  till  9 

o'clock,  when  Sir  John  Lubbock,  Bart.,  M.P.,  F.E.S.,  was  declared to  have  been  elected. 

Grenville  A.  J.  Cole,  Esq.,  Mayland,  Sutton,  Surrey,  and  J.  L. 
Eoberti,  Esq.,  92  Malpas  Eoad,  New  Cross,  S.E.,  were  elected 
Fellows ;  and  II  Commendatore  Quintino  Sella,  of  Eome,  a  Foreign 
Member  of  the  Society. 

The  following  names  of  Fellows  of  the  Society  were  read  out  for 
the  first  time  in  conformity  with  the  Bye-laws,  Sect.  VI.  b,  Art.  6, 
in  consequence  of  the  non-payment  of  the  arrears  of  their  contribu- 

tions : — J.  Entwisle,  Esq. ;  E.  Koma,  Esq. ;  W.  H.  Le  Feuvre,  Esq.; 
C.  S.  Mann,  Esq. ;  Joseph  Thompson,  Esq. 

The  following  communications  were  read : — 

1.  "  The  Eeptile-Fauna  of  the  Gosau  Formation,  preserved  in  the 
Geological  Museum  of  the  University  of  Vienna."  By  Prof.  H.  G. 
Seeley,  F.E.S.,  F.L.S.,  F.G.S. ;  with  a  Note  on  the  Geological 
Horizon  of  the  Fossils,  by  Prof.  Edward  Suess,  F.M.G.S. 

2.  "  On  the  Basement-beds  of  the  Cambrian  in  Anglesey."  By 
Prof.  T.  McKenny  Hughes,  M.A.,  F.G.S. 
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3.  Description  and  Correlation  of  the  Bournemouth  Beds. — 
Part  II.  Lower  or  Freshwater  Series."  By  J.  S.  Gardner,  Esq., F.G.S. 

Specimens  were  exhibited  by  Messrs.  Seeley,  Hughes,  and  Gardner, 
in  illustration  of  their  papers. 

June  22,  1881. 

B.  Ethekldge,  Esq.,  F.B.S.,  President,  in  the  Chair. 

Thomas  Hart,  Esq.,  Bichmond  Terrace,  Blackburn ;  and  David 
William  Jones,  Esq.,  Coronel,  Chili,  South  America,  were  elected 
Fellows  of  the  Society. 

Specimens  of  Tertiary  Brachiopods  from  South  Australia,  and 
three  specimens  of  Mesozoic  Belemnites  from  Central  Australia,  were 
presented  to  the  Museum  by  Prof.  B.  Tate,  F.G.S. 

The  following  names  of  Fellows  of  the  Society  were  read  out  for 
the  second  time  in  conformity  with  the  Bye-laws,  Sect.  VI.  b,  Art.  6, 
in  consequence  of  the  non-payment  of  the  arrears  of  their  contribu- 

tions : — J.  Entwisle,  Esq. ;  B.  Koma,  Esq. ;  W.  H.  Le  Feuvre,  Esq.; 
C.  S.  Mann,  Esq. ;  Joseph  Thompson,  Esq. 

The  following  communications  were  read  : — 

1.  "  Description  of  a  new  Species  of  Coral  from  the  Middle  Lias 
of  Oxfordshire."    By  B.  F.  Tomes,  Esq.,  F.G.S. 

2.  "  Note  on  the  Occurrence  of  the  Bemains  of  a  Cetacean  in  the 

Lower  Oligocene  Strata  of  the  Hampshire  Basin."  By  Prof.  J.  W. 
Judd,  F.B.S.,  Sec.  G.S.  With  a  Note  by  Prof.  H.  G.  Seeley,  F.B.S., 
F.G.S. 

3.  "  Description  of  a  Peat-bed  interstratified  with  the  Boulder- 
drift  at  Oldham."    By  G.  H.  Hollingworth,  Esq.,  F.G.S. 

4.  "  Silurian  Uniserial  Stornatoporce  and  Ascodwtyar  By  G.  B. 
Vine,  Esq.  Communicated  by  Prof.  P.  Martin  Duncan,  F.B.S., 
F.G.S. 

5.  "  Note  on  the  Diamond-fields  of  South  Africa."  By.  E.  J. 
Dunn,  Esq.    Communicated  by  Prof.  Bamsay,  F.B.S.,  F.G.S. 

6.  "  On  a  new  Comatula  from  the  Kelloway  Bock."  By  P.  H. 
Carpenter,  Esq.,  M.A.,  Assistant  Master  at  Eton  College.  Commu- 

nicated by  the  President. 
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7.  "  Descriptive  Catalogue  of  Ammonites  from  the  Sherborne 
District."  By  Sydney  S.  Buckman,  Esq.  Communicated  by  Prof. J.  Buckman,  F.G.S.,  F.L.S.,  &c. 

The  following  specimens  were  exhibited  : — 

Prehistoric  remains  (pottery  &c.)  found  by  J.  B.  Andrews,  Esq., 
of  Mentone,  at  St.  Yallier,  near  Grasse,  in  the  neighbourhood  of 
dolmens  &c. 

Specimens  exhibited  by  Messrs.  Tomes  and  Judd  in  illustration  of 
their  papers. 

t2 
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Academy,  The.    Nos.  425-451.  1880. 
The  British  Association  at  Swansea,  157,  176,  190. 

 .    Nos.  452-478.  1881. 

Adelaide.  Philosophical  Society.  Transactions  and  Proceedings  and 
Report  for  1878-79.  1879. 

R.  Tate.  Anniversary  Address,  xxxix. — G.  Scoular.  The  Geology  of 
the  Hundred  of  Munno  Para,  Part  1,  60. — 0.  Tepper.  Introduction  to 
the  Cliffs  and  Rocks  at  Androssan,  Yorke's  Peninsula,  71. — R.  Tate. 
The  Natural  History  of  the  Country  around  the  Head  of  the  Great  Aus- 

tralian Bight,  94. — R.  Tate.  Zoologica  et  Palseontologica  Miscellanea, 
chiefly  relating-  to  South  Australia,  129. 

 .     Royal    Society  of   South  Australia.     Transactions  and 
Proceedings  and  Report.  Vol.  iii.,  for  1879-80.  1880. 

R.  Tate.  Anniversary  Address,  39. — J.  E.  Tenison-Woods.  On  some 
recent  and  fossil  Australian  Selenariaclse,  1. — Otto  Tepper.  The  "Bay 
of  Biscay"  Soil  of  South  Australia  and  its  Formation,  91. — J.  E.  Tenison- 
Woods.  On  some  new  Corals  from  the  Australian  Tertiaries,  99. — R.  Tate. 
Description  of  a  new  Species  of  Belemnite  from,  the  Mesozoic  Strata  of 
Central  Australia,  104. — G.  Scoular.  The  Geology  of  the  Hundred  of 
Munno  Para,  Part  2,  106.— R.  Tate.  On  the  Australian  Tertiary  Pal- 
liohranchs,  140. — R.  Tate.  Rock-formations  and  Minerals  in  the  vicinity 
of  Peake,  C.  A.,  179. — W.  Fowler.  Sections  of  Strata  traversed  by  two 
wells  at  Yarrow,  in  the  Hundred  of  Clinton,  181. 

Albany.  New-York  State  Museum  of  Natural  History.  Annual 
Reports,  Nos.  28  (Museum  edition,  1879),  29-31.  1878-79. 
Presented  by  James  Hall,  Esq.,  F.M.G.S. 

Analyst,  The.    Vol.  v.  Nos.  52-57.  1880. 
 .    Vol.  vi.  Nos.  58-63.    1881.  • 

Annals  and  Magazine  of  Natural  History.    Ser.  5.  Vol.  vi.  Nos. 
31-36.    1880.  Purchased. 

C.  Lap  worth.    On  the  Geological  Distribution  of  the  Rhabdophora,  16. 
—A.  W,  Waters.    Note  on  the  Genus  Heteropora,  156. — C.  Lapworth. 
On  the  Geological  Distribution  of  the  Rhabdophora,  185. — H.  J.  Carter. 
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On  fossil  Sponge-spicules  from  the  Carboniferous  Strata  of  Ben  Bul- 
ben,  near  Sligo,  209. — G.  Ootteau.  On  the  Tertiary  Echinida  of 
Belgium,  246. — R.  Etheridge,  Jim.  Notes  on  the  Gasteropoda  contained 
in  the  Gilbertson  Collection,  British  Museum,  and  figured  in  Phillips's 
1  Geology  of  Yorkshire,'  289.— A.  J.  Jukes-Brown.  The  Chalk  Bluffs  of 
Trimmingham,  305. — H.  Alleyne  Nicholson.  On  the  Minute  Structure  of 
the  recent  Heteropora  neozelanica,  Busk,  and  on  the  Relations  of  the 
Genus  Heteropora  to  Monticulipora,  329,  414. — A.  Agassiz.  On  Paleeon- 
tological  and  Embryological  Development,  348. — J.  W.  Davis.  On  a 
Species  of  Gyracanthus,  a  fossil  Fish  from  the  Coal-measures,  372. — W. 
J.  Sollas.    On  the  Flint  Nodules  of  the  Trimmingham  Chalk,  384,  437. 
Annals  and  Magazine  of  Natural  History.  Ser.  5.  Yol.  vii.  Nos. 

37-42.  1881.  Purchased. 
H.  A.  Nicholson.  On  some  new  or  imperfectly-known  Species  of 

Corals  from  the  Devonian  Rocks  of  France,  14. — R.  Etheridge,  Jun. 
Descriptions  of  certain  peculiar  Bodies  which  may  be  the  Opercula  of 
small  Gasteropoda,  discovered  by  Mr.  James  Bennie  in  the  Carboniferous 
Limestone  of  Law  Quarry  near  Dairy,  Ayrshire,  with  Notes  on  some  Si- 

lurian Opercula,  25. — W.  J  Sollas.  Note  on  the  Occurrence  of  Sponge- 
spicules  in  Chert  from  the  Carboniferous  Limestone  of  L-eland,  141. — G. 
C.  Wallich.  On  the  Origin  and  Formation  of  the  Flints  of  the  Upper  or 
White  Chalk;  with  Observations  upon  Prof.  Sollas's  Paper  in  '  The  Aimals 
and  Magazine  of  Natural  History'  for  December  1880, 162. — S.  H.  Scudder. 
Relation  of  Devonian  Insects  to  Later  and  Existing  Types,  255. — G.  C. 
Wallich.  On  Siliceous  Sponge-growth  in  the  Cretaceous  Ocean,  261. — P. 
H.  Carpenter  and  R.  Etheridge,  Jun.  Contributions  to  the  Study  of  the 
BritishPaheozoic  Crinoids,  28L — H.  J.  Carter.  On  the  Kunker  Formation 
of  the  Alluvium  in  India  compared  with  the  Flint  Formation  in  the  Chalk 
of  England,  308.— H.  Filhol.  The  Bears  of  the  Cavern  of  Lherm,  428.— 
J.  W.  Davis.  On  Palceospinax  priscus,  Egerton,  429. — S.  H.  Scudder. 
The  Structure  and  Affinities  of  Euphoberea,  Meek  and  Worthen,  a  Genus 
of  Carboniferous  Myriopoda,  437.— 0.  C.  Marsh.  Discovery  of  a  fossil 
Bird  in  the  Jurassic  of  Wyoming,  488. 

Atheneeum  (Journal).    Nos.  2748-2774.  1880. 
A.  C.  Ramsay.  Address  delivered  at  the  Swansea  Meeting  of  the 

British  Association  for  the  Advancement  of  Science,  August  25, 1880;  263. 
— British  Association  at  Swansea,  309. 

 .    Nos.  2775-2799.  1881. 
Sir  Philip  de  Malpas  Grey  Egerton,  Bart.,  M.P.,  494.— The  Hamad,  817. 

 .    Parts  630-636.  1880. 
 .    Parts  637-640.  1881. 

Barnsley.     Midland  Institute  of  Mining,  Civil,  and  Mechanical 
Engineers.    Transactions.    Yol.  vii.    Part  50.  1880. 

T.  W.  Embieton.    On  an  Outburst  of  Carbonic  Acid  Gas  in  the  Roche- 
belle  Coal  Mine,  France,  89. 

 .   .   .    Yol.  vii.  Parts  52  and  53.  1881. 
Basel.  Schweizerische  palaontologische  Gesellschaft.  Abhandlungen. 

Yol.  vii.  1880.  Purchased. 

Forsyth  Major.  Beitrage  zur  Geschichte  der  fossilen  Pferde. — Ph. 
de  la  Harpe.  Etude  des  Nummulites  de  la  Suisse  et  revision  des  especes 
eocenes  des  genres  Nummulites  et  AssUina. — L.  Riitimeyer.  Beitrage  zu 
einer  natiirlichen  Geschichte  der  Hirsche. — F.  Koby.  Monographie 
des  polypiers  jurassiques  de  la  Suisse. — P.  de  Loriol.    Monographie  pa- 
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leontologique  des  couches  de  la  zone  a  Ammonites  tenuilobatus  (Badener 
Schichten)  d'Oberbuchsitten  et  de  Wangen  (Soleure). — P.  de  Loriol. 
Description  de  quatre  ecliinodermes  nouveaux. 

Belfast  Natural-History  and  Philosophical  Society.     Proceedings  for 
the  Sessions  1878-79,  1879-80.  1880. 

'  J.  J.  Murphy.    Lunar  Volcanoes,  124. — J.  J.  Murphy.    On  the  Origin of  Mountains  and  Volcanoes,  148. — W.  H.  Patterson.    Flint  Implements 
&c.  found  at  Ballyinisert,  Co.  Down,  165. 

Berlin.  Deutsche  geologische  Gesellschaft.  Zeitsehrift.  Band  xxxii. 
Heft  2-4  (1880).  1881. 

W.  Pabst.  Untersuchung  von  chinesischen  und  japanischen  zur  Por- 
zellanfahrication  verwandten  Gesteinsvorkorumnissen,  223. — A.  Heim. 
Ziun  "  Mechanismus  der  Gehirgsbildung,  262.  — F.  Noetling.  Die  Ent- 
wickelung  der  Trias  in  Niederschlesien,  300. — F.  Sandberger.  Ueber  die 
Bildung  von  Erzgangen  mittelst  Auslaugung  des  Nebengesteins,  350. — 
PI.  Dewitz.  Ueber  einige  ostpreussische  Silurcephalopoden,  371. — G. 
Steinmann.  Mikroskopische  Thierreste  aus  dem  deutschen  Kohlenkalke 
(Foraminiferen  und  Spongien),  394. — W.  Branco.  Beobachtungen  an 
Aulacoceras  v.  Hauer,  461. — F.  Klockmann.  Ueber  Basalt-,  Diabas-  und 
Melaphyr-Geschiebe  aus  dem  norddeutschen  Diluvium,  408. — P.  Grigo- 
riew.  Der  Meteorit  von  Rakowska  im  Gouvernement  Tula  in  Russland, 
417. — Pothpletz.  Radiolarien,  Diatomaceen  und  Spharosomatiten  im 
silurischen  Kieselschiefer  von  Langenstriegis  in  Sachsen,  447. — A.  Neh- 
ring.  Uebersichtubervierundzwanzig  mitteleuropaische  Quartar-Faunen, 
468. — E.  Geinitz.  Der  Jura  von  Dobbertin  in  Mecklenburg  und  seine 
Versteinerungen,  510. — Fr.  Pfaff.  Einige  Beobachtungen  iiber  den  Loch- 
seitenkalk,  536. — Fr.  Pfaff.  Einige  Bemerkungen  zu  Herrn  Heim's  Auf- 
satz  "  Zum  Mechanismus  der  Gehirgsbildung,"  542.— G.  Holm.  Bemer- 

kungen iiber  Illcenus  crassicauda  Wahlenberg,  559. — H.  Oredner.  Ueber 
Glacialerscheinungen  in  Sachsen,  nebst  vergleichenden  Vorbemerkungen 
iiber  den  Geschiebemergel,  572. — W.  Bianco.  Ueber  die  Verwandtschafts- 
verhaltnisse  der  fossilen  Cephalopoden,  596. — Huyssen.  Uebersicht  der 
bisherigen  Ergebnisse  der  vom  Preussischen  Staate  ausgefiihrten  Tief  boh- 
rungen  im  norddeutschen  Flachland  unci  des  bei  diesen  Arbeiten  verf  olgten 
Planes,  612. — Jentzsch.  Uebersicht  der  silurischen  Geschiebe  Ost-  und 
Westpreussens,  623. — W.  Dames.  Ueber  Cephalopoden  aus  dem  Gault- 
quader  des  Hoppelberges  bei  Langenstein  unweit  Halberstadt,  685. — M. 
Hoyer.  Ueber  das  Vorkommen  von  Phosphorit-  und  Griinsand-Geschieben 
in  Westpreussen,  698. — E.  Kayser.  Dechenetta,  eine  devonische  Gruppe 
der  Gattung  Phillipsia,  703. — C.  Rammelsberg.  Ueber  die  Vanadinerze 
aus  dem  Staat  Cordoba  in  Argentinien,  708. — Max  Bauer.  Dioptas  aus 
den  Cordilleren  von  Chili,  714. — Max  Bauer.  Nochmals  die  Krystallform 
des  Cyanit,  717. — C.  Struckmann.  Ueber  die  Verbreitimg  des  Renthiers 
in  der  Gegenwart  und  in  alterer  Zeit  nach  Maassgabe  seiner  fossilen  Peste 
imter  besonderer  Beriicksichtigung  der  deutschen  Fundorte,  728. — F. 
Wahnschaffe.  Ueber  Gletschererscheinungen  bei  Velpke  und  Daundorf, 
774. — Otto  Lang.  Ueber  den  Gebirgsbau  des  Leinethales  bei  Gottingen, 799. 

 .    Gesellschaft  naturforschender  Freunde.  Sitzimgsberichte, 
1880.  1880. 

K.  A.  Lossen.  Vorlegung  und  Besprechung  von  Handstiicken  und 
Diinnschliffen  metamorphosirter  Eruptiv-  bezw.  Tuff-Gesteine  vom  Schma- 
lenberg  bei  Harzburg,  1. — O.  Iteinhardt.  Ueber  die  zum  Subgenus  Or- 
cula,  Held,  gehorigen  Pupa-Avten  imd  deren  geographische  Verbreitung, 
12. — v.  Martens.    Ueber  vorspringende  Linien  an  der  Innenilache  einiger 
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Muschelschalen,  welclie  die  Lage  dor  Kiemen  markiren,  22,  59. — 
S.  Schliiter.  Ueber  Zoantharia  rugosa  aus  dem  rheinischen  Mittel-  und 
Ober-Devon,  49. 

Berlin.  Koniglieh  preussische  Akademie  der  Wissenschaften.  Mo- 
natsbericht.  March  to  December  1880.  1880-81. 

Ramnielsberg.  Ueber  die  Zusamniensetzimg  des  Descloizits  mid  der 
natiirlichen  Vanadinverbindungen  iiberhaupt,  652.  —  Ranmielsberg. 
Ueber  die  Zusanimensetzung  des  Pollucits  von  Elba,  6G9. — Websky. 
Ueber  die  Krystallform  des  Descloizit,  672. 

 .   .   .    September  and  October  1880.  1881. 
Websky.    Ueber  die  Krystallform  des  Vanadinits  von  Cordoba,  779. 

 .    Zeitschrift  fiir  die  gesammtenNaturwissenschaften.  Band  liii. 
1880. 

K.  Pettersen.  Scheiierungserscheinimgen  in  der  gegenwartigen  Lit- 
toralzone,  247. — P.  Kaiser.  Ficoxylon  bohemicum:  ein  neues  fossiles 
Laubholz,  309. — L.  Besthorn.  Der  Kolmstein  bei  Nordhausen,  340. — 
O.  Luedecke.  Ueber  einen  Anorthitbasalt  vom  Fujino-yama,  in  Japan, 
410. — O.  Luedecke.  Ueber  Roemerit,  Grailich,  417. — H.  Poblig.  Zur 
Beantwortung  der  Frage  nach  Entstebimg  der  "krystallinischenSchiefer," 
445. — K.  Pettersen.  Terrassen  mid  alte  Strandlinien,  783. — R.  Oollett. 
Glaciale  Mergelknollen  mit  Fischrest-Emschliissen  aus  Beieren  im  nord- 
lichen  Norwegen,  839. 

Bern.    Schweizer  Alpenclub.    Jahrbuch,  XY.  Jahrgang  (1880),  and 
Beilagen.  Purchased. 

E.  v.  Fellenberg.    Geologiscbe  Wanderuno-en  im  Rhonegebiet  1878 
und  1879,  268. 
Birmingham.    Mason  Science  College.    Calendar  for  the  Session 

1880-81.  1881. 

Birmingham  Philosophical  Society.  Proceedings,  1878-79.  Yol.  i. 
No.  3.  1879.  Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 

H.  W.  Crosskey.  Notes  on  some  of  the  Glacial  Phenomena  of  the 
Vosges  Mountains,  with  an  Account  of  the  Glacier  of  Kertoff,  58. — T.  G. 
Bonney.  The  Structure  and  Distribution  of  the  Pre-Cambrian  Pocks  of 
Britain,  140. 
Bordeaux.   Societe  Linneenne.  Actes.  Serie  4.  Tome  iii.  Livr.  3  et 

4.  1879. 

Boston.    American  Academy  of  Arts  and  Sciences.  Proceedings. 
Yol.  xv.  Parts  1  &  2.  1880. 

Boston  Society  of  Natural  History.  Memoirs.  Yol.  iii.  Parti.  No.  3. 
1879. 

S.  H.  Scudder.  Palaeozoic  Cockroaches  :  a  complete  Revision  of  the 
Species  of  both  Worlds,  with  an  Essay  toward  their  Classification,  23. 

 .    Occasional  Papers.  III.  8vo.  1880. 
W.  O.  Crosby.  Contributions  to  the  Geology  of  Eastern  Massachu- 

setts, 1. 

 .    Proceedings.  Yol.  xx.  Parts  2  &  3  (1878-80).  1879-80. 
N.  S.  Shaler.  Evidences  of  a  Gradual  Passage  from  Sedimentary  to 

Volcanic  Rocks  in  the  Brighton  District,  129. — W.  O.  Crosby.  Occur- 
rence of  fossiliferous  Boulders  in  the  Drift  of  Truro,  Cape  Cod,  136. — 

T.  Sterry  Hunt.    Remarks  on  the  Precambrian  Rocks  of  Great  Britain, 
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140. — W.  O.  Crosby.    A  possible  Origin  of  Petrosiliceous  Rocks,  160. — 
G.  F.  Wright;  The  Karnes  and  Moraines  of  New  England,  210— W. 
Upham.  Glacial  Drift  of  Boston  and  Vicinity,  220. — S.  Kneeland.  On 
the  Mineralized  Phospkatic  Guanos  of  the  Equatorial  Pacific  Islands, 
235. — N.  S.  Shaler.  Notes  on  the  Submarine  Coast-shelf,  or  Hundred 
Fathom  Detrital  Fringe,  278. — M.  E.  Wadsworth.  Danalite  from  the 
Iron  Mine,  Bartlett,  N.  H.,  284. — M.  E.  Wadsworth.  Picrolite  from  a 
Serpentine  Quarry  in  Florida,  Mass.,  286. — W.  H.  Melville.  Analysis  of 
the  above  Picrolite,  287. — J.  H.  Huntington.  On  the  Iron  Ore  of  Bart- 

lett, N.  H.,  288. — W.  0.  Crosby.  Evidences  of  Compression  in  the  Pocks 
of  the  Boston  Basin,  308. — S.  H.  Scudder.  Probable  Age  of  Haulover 
Beach,  Nantucket  Harbour,  329. 

Brighton  and  Sussex  Natural-History  Society.    Annual  Report, 
1879-80.    1880.    Presented  by  W.  Whitaker,  Esq.,  F.G.S. 

Bristol  Museum  and  Library.    Report  of  Proceedings  at  the  Tenth 
Annual  Meeting.  1881. 

British  Association  for  the  Advancement  of  Science.  Report  of  the 
Fiftieth  Meeting,  held  at  Swansea,  1880.  1880. 

Everett.  Thirteenth  Report  of  the  Committee  appointed  for  the  pur- 
pose of  investigating  the  Rate  of  Increase  of  Underground  Temperature 

downwards  in  various  Localities  of  Dry  Land  and  under  Water,  26. — 
W.  Pengelly.  Sixteenth  and  concluding  Report  of  the  Committee  ap- 

pointed for  the  purpose  of  exploring  Kent's  Cavern,  Devonshire,  62. — 
H.  G.  Seeley.  Report  on  the  Mode  of  Reproduction  of  certain  Species  of 
Ichthyosaurus  from  the  Lias  of  England  and  Wurtemberg,  68. — G.  R. 
Vine.  Report  of  the  Committee  appointed  for  the  purpose  of  reporting 
on  the  Carboniferous  Polyzoa,  76. — C.  E.  De  Ranee.  Sixth  Report  of  the 
Committee  appointed  for  investigating  the  Circulation  of  the  Underground 
Waters  in  the  Permian,  New  Red  Sandstone,  and  Jurassic  Formations 
of  England,  and  the  Quantity  and  Character  of  the  Water  supplied  to 
Towns  and  Districts  from  those  Formations,  87. — W.  H.  Baily.  Second 
Report  of  the  Committee  appointed  for  the  purpose  of  collecting  and 
reporting  on  the  Tertiary  (Miocene)  Flora,  &c,  of  the  Basalt  of  the  North 
of  Ireland,  107. — H.  W.  Crosskey.  Eighth  Report  of  the  Committee 
appointed  for  the  purpose  of  recording  the  Position,  Height  above  the  Sea, 
lithological  Characters,  Size,  and  Origin  of  the  Erratic  Blocks  of  England, 
Wales,  and  Ireland,  reporting  other  matters  of  interest  connected  with 
the  same,  and  taking  measures  for  their  Preservation,  110. — First  Report 
of  the  Committee  appointed  for  the  purpose  of  exploring  the  Caves  of  the 
South  of  Ireland,  209.— C.  H.  Perkins.  On  the  Anthracite  Coal  and 
Coal-field  of  South  Wales,  220. — Geddes.  Report  of  the  Committee  for 
conducting  Palaeontological  and  Zoological  Researches  in  Mexico,  254. — 
J.  Gwyn  Jeffreys.  The  French  Deep-sea  Exploration  in  the  Bay  of 
Bisca}^,  378. — W.  Whitaker.  List  of  Works  on  the  Geology,  Mineralogy, 
and  Palaeontology  of  Wales  (to  the  end  of  1873),  397.— H.  C.  Bolton. 
On  the  Application  of  Organic  Acids  to  the  Examination  of  Minerals,  505. 
— H.  C.  Sorby.  Presidential  Address  to  Section  C,  565. — W.  Boyd  Daw- 
kins.  On  the  Action  of  Carbonic  Acid  on  Limestone,  573.  —  F.  C.  J. 
Spurrell.  On  the  Site  of  a  Palaeolithic  Implement  Manufactory  at  Cray- 
ford,  Kent,  574. — G.  H.  Kinahan.  On  the  Hiatus  said  to  have  been 
found  in  the  rocks  of  West  Cork,  574. — W.  H.  Dalton.  Note  on  the 
Range  of  the  Lower  Tertiaries  of  East  Suffolk,  575. — J.  P.  O'Reilly.  On 
the  Relation  to  be  established  between  Coast-line  Directions  represented 
by  Great  Circles  on  the  Globe,  and  the  Localities  marked  by  Earthquakes 
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in  Europe,  576.— W.  J.  Sollas.  On  the  Island  of  Torgkatten,  576— W. 
J.  Sollas.  On  a  Fragment  of  Mica  Schist,  577. — W.  T.  Blanford.  On  the 
Geological  Age  and  Relations  of  the  Sewalik  and  Pikermi  Vertebrate  and 
Invertebrate  Faunas,  577. — E.  Wethered.  On  the  Sandstone  and  Grits 
of  the  Lower  and  Middle  Series  of  the  Bristol  Coalfield,  579. — J.  Prest- 
wich.  On  a  Raised  Beach  in  Rhos  Sili  Bay,  Gower,  581. — J.  Prestwich. 
On  the  Geological  Evidence  of  the  temporary  Submergence  of  the  South- 

west of  Europe  during  the  early  Human  Period,  581. — C.  Moore.  Proofs 
of  the  Organic  Nature  of  Eozoon  canadense,  582. — W.  J.  Sollas.  On  a 
striated  Stone  from  the  Trias  of  Portishead,  586. — W.  J.  Sollas.  On  the 
Action  of  a  Lichen  on  Limestone,  586. — W.  J.  Sollas.  On  Sponge- 
spicules  from  the  Chalk  of  Trimmingham,  Norfolk,  586. — G.  M.  Dawson. 
Sketch  of  the  Geology  of  British  Columbia,  588. — H.  H.  Godwin- Ansten. 
On  the  Post-Tertiary  and  more  recent  Deposit  of  Kashmir  and  the  Upper 
Indus  Valley,  589. — R.  B.  Foote.  Notes  on  the  Occurrence  of  Stone  Im- 

plements in  the  coast  Laterite  south  of  Madras,  and  in  high-level  Gravels 
and  other  Formations  in  the  South  Mahratta  Country,  589. — C.  E.  De 
Ranee.  On  the  Pre-Glacial  Contours  and  Post-Glacial  Denudation  of  the 
North-west  of  England,  590. — Schaffhausen.  On  Prehistoric  Times  in 
the  Valley  of  the  Rhine,  624. — H.  Stopes.  On  a  Palaeolithic  Stone  Imple- 

ment from  Egypt,  624. — H.  Stopes.  On  a  Paleolithic  Flint  Implement 
from  Palestine,  624. 

Brussels.    Academie  Royale  des  Sciences.   Ammaire.    1879,  ]  880. 
and  1881.  1879-81. 

 .   .    Bulletins.    Serie  2.    Tome  xlvi.  (1878).  1878. 
C.  Malaise.  Decouverte  de  Brachiopodes  du  genre  Idngula  dans  le 

Cambrien  du  massif  de  Stavelot,  58.  —  C.  Malaise  et  L.  de  Koninck. 
Rapport  sur  le  menioire  de  M.  A.  Renard :  "  La  diabase  de  Challes, 
pres  de  Stavelot,"  186,  188.  —  C.  Malaise.  Rapport  sur  le  memoire 
de  M.  L.  de  Koninck  :  "  Sixieme  notice  sur  les  niineraux  beiges,"  189. 
— A.  Renard.  La  diabase  de  Challes,  pres  de  Stavelot,  228. — L.  L. 
de  Koninck.  Sixieme  et  septieme  notices  sur  les  niineraux  beiges,  240 
et  245. — E.  Dupont.  Rapport  sur  le  memoire  de  M.  A.  Renard  :  u  Re- 
cherches  lithologiques  sur  les  phthanites  du  calcaire  carbonifere  de  la 
Belgique,"  325. — E.  Dupont.  Sur  la  decouverte  d'ossements  dTguanodon, 
de  poissons  et  de  vegetaux  dans  la. fosse  Sainte-Barbe  du  charbonnage  de 
Bernissart,  387. — ArRenard.  Recherches  lithologiques  sur  les  phthanites 
du  calcaire  carbonifere  de  Belgique,  471. — E.  Dupont.  Sur  les  alluvions 
torrentielles  qui  se  deposent  denos  jours  sur  les  plateaux  de  TEntre-Sambre- 
et-Meuse  et  du  Condroz,  643. — C.  Malaise.  Sur  une  espece  minerale 
nouvelle  pour  la  Belgique  :  l'Arsenopyrite  ou  Mispickel,  881. 

 .   .   .   .    Tome  xlvii.  (1879).  1879. 
C.  Malaise^  Sur  l'Arsenopyrite  ou  Mispickel  et  sur  l'eau  arsenicale  de 

Court-Sain t-Etienne,  29. — P.  J.  Van  Beneden.  Sur  un  envoi  d'ossements 
de  Cetaces  fossiles  de  Croatie,  183. — C.  Malaise.  Rapport  sur  le  memoire 
de  M.  A.  Renard :  "Des  caracteres  distinctifs  de  la  dolomite  et  de  la  cal- 
cite  dans  les  roches  calcaires  et  dolomitiques  du  calcaire  carbonifere  de 
Belgique,"  492. — A.  Renard.  Des  caracteres  distinctifs  de  la  dolomite 
et  de  la  calcite  dans  les  roches  calcaires  et  dolomitiques  du  calcaire  car- 

bonifere de  Belgique,  541. — L.  L.  de  Koninck.  Huitieme  et  neuvieme 
notices  sur  les  mineraux  beiges,  564  et  568. 

 .   .   .   .    Tome  xlviii.  (1879).  1879. 
Gilkinet.  Du  developpement  du  regne  vegetal  dans  les  temps  geolo- 

giques,  814. 
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Brussels.  Academie  Royale  des  Sciences.  Bulletins.  Serie  2. 
Tome  xlix.  (1880).  1880. 

Stas.  Sur  la  decouverte  par  le  professeur  Scacchi,  de  Naples,  d'un 
corps  simple  nouveau  dans  la  lave  du  Vesuve,  93. — L.  G.  de  Koninck  et 
Cornet.  Rapports  sur  le  memoire  de  M.  E.  Vanden  Broeck  "  Sur  les 
phenomenes  d'alteration  des  depots  superficiels  par  l'infiltration  des  eaux 
meteoriques,  etudies  dans  leurs  rapports  avec  la  geologie  stratigraphique," 
615. — P.  J.  Van,  Beneden.  Rapport  sur  le  memoire  de  M.  G.  Cotteau: 
u  Description  des  Ecliinides  tertiaires  de  Belgique,"  619. 
Brussels.  Academie  Royale  des  Sciences.  Bulletins.  Serie  2. 

Tome  1.  (1880).  1880. 
P.  J.  Van  Beneden.  Les  Mysticetes  a  courts  fanons  des  sables  des 

environs  d'Anvers,  11. — L.  G.  de  Koninck.  Rapport  sur  le  memoire  de 
M.  A.  Renard  "  Sur  la  composition  cliimique  de  l'epidote  de  Quenast," 
80. — A.  Renard.  Sur  la  composition  chimique  de  l'epidote  de  Quenast, 170. — P.  J.  Van  Beneden.  Sur  deux  Plesiosaures  du  lias  inferieur  du 
Luxembourg,  308. 

 .   .    Memoires.    Tome  xliii.  le  Partie.  1880. 
A.  Briart  et  F.  L.  Cornet.  Description  des  fossiles  du  calcaire  grossier 

de  Mons.    3e  partie.  Supplement  aux  deux  premieres  parties. 
 .   .    Memoires  Couronnes.  Tomexxxix.  2e  Partie.  1879. 
 .   .   .    Tomexlii.  1879. 

Gr.  Cotteau.    Description  des  Ecliinides  du  calcaire  grossier  de  Mons. 

 .  .   .    Tome  xliii.  1880. 
G.  Cotteau.    Description  des  Ecliinides  tertiaires  de  la  Belgique. 

 .   .   .    (8vo.)    Tomexxix.  1880. 
F.  V.  Rysselberghe.    Note  sur  les  oscillations  du  littoral  beige,  No.  5. 
 .   .   .   .    Tome  xxx.  1880. 

 .   .   .   .    Tomexxxi.  1881. 

 .   .    Tables  des  memoires  des  membres,  des  memoires 
couronnes  et  de  ceux  des  savants  etrangers,  1816-57.  1858. 

 .   .   ,  1858-78.  1879. 

 .    Societe  Malacologique  de  Belgique.    Annales.    Tome  xii. 
1877. 

C.  Paul.  Considerations  nouvelles  sur  les  systemes  Bolderien  et 
Diestien,  7. — G.  Dollfus.  Valvata  disjuncta,  espece  nouvelle  des  meu- 
lieres  superieures  des  environs  de  Paris,  27. — T.  Lefevre  et  A.  Watelet. 
Additions  a  la  faune  tertiaire  du  bassin  de  Paris.  Description  de  deux 
Solens  nouveaux,  29. — J.  de  Cossigny.  Tableau  des  terrains  tertiaires 
de  la  France  septentrionale,  37.  A.  Rutot,  G.  Dollfus  et  J.  Ortlieb. 
Rapports  sur  le  memoire  precedente,  40. — T.  Davidson.  Liste  des  prin- 
cipaux  ouvrages,  memoires  ou  notices  qui  traitent  directement  ou  indi- 
rectement  des  Bracliiopodes  vivants  et  fossiles,  55. — A.  Rutot.  Quelques 
observations  relatives  aux  conclusions  de  M.  Lefevre  dans  son  rapport  sur 
mon  travail  intitule :  "  Description  de  la  Rostellaria  robusta  Rutot,"  xi. — 
T.  Lefevre.  Rapport  sur  le  travail  de  M.  Vincent,  intitule :  Description 
de  la  faune  de  l'etage  landenien  inferieur  de  la  Belgique,  xxvii. — J.  Deby. 
Necrologie.  David  Forbes,  xxx. — A.  Rutot.  Rapport  sur  le  travail  de 
M.  G.  Vincent,  intitule:  Description  de  la  faune  de  l'etage  landenien 
inferieur.    lre  partie :  Massif  du  Brabant,  xxxvi. — E.  Vanden  Broeck  et 
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Paul  Cogels.  Observations  sur  les  couches  quaternaries  et  pliocenes 
de  Merxem  pres  d'Anvers,  lxviii. — T.  Lefevre.  Sur  la  "Note  sur  la 
RosteUaria  robusta  "  par  M.  Rutot,  lxix. 
Brussels.  Societe  Malacologique  de  Belgique.  Proces-verbaux  des 

Seances.  Tome  viii.  1870. 
A.  Rutot.  Note  sur  des  fossiles  du  Tongrien  inferieur,  v. — G.  Vincent 

et  A.  Rutot.  Observations  nouvelles  relatives  a  la  faune  du  sj^steme 
Bruxellien  et  a  celle  de  l'ancien  Laekenien  superieur,  actuellement 
systeme  Wemmelien,  xi. — E.  Vanden  Broeck  et  Paul  Cogels.  Diluvium  et 
Campinien,  reponse  a  M.  C.  Dr.  Winkler,  xviii. — A.  Rutot.  Sur  la  plus 
belle  coupe  de  terrains  qui  ait  jamais  ete  visible  aux  environs  de  Bruxelles, 
xlvii. — E.  Yanden  Broeck.  Compte  rendu  de  l'excursion  faite  a  Anvers 
les  27  et  28  Juillet  1879,  lxvii. 

 .  .   .    Tomeix.  1880. 
P.  Cogels  et  0.  Van  Ertborn.  Nouvelles  observations  sur  les  couches 

quaternaries  et  pliocenes  de  Merxem,  v. 

 .   .   .    Tome  x.  pp.  i-xxxvi.  1881. 
A.  Rutot.  Compte  rendu  d'une  course  dans  le  quaternaire  de  la  vallee 

de  la  Somme,  aux  environs  d' Abbeville,  vii. — A.  Rutot.  Note  sur  les 
decouvertes  paleontologiques  faites  dans  ces  derniers  temps  aux  environs 
d'Erquelennes,  xviii. — Stevens.  Liste  des  fossiles  recueillis  dans  les  ter- 

rains eocenes  des  environs  de  Bruxelles,  xx. — T.  Lefevre.  La  RosteUaria 
ampla,  Sol.  et  ses  varietes,  xxiv. 

Budapest.  K.  ungarische  geologische  Anstalt.   Jahrbuch.  Band  iv. 
Heft  4.  1881. 

J.  Bockh.  Geologische  und  Wasser-Verhaltnisse  der  Umgebimg  der 
Stadt  Fiinfkirclien. 

■  .    Literarische  Berichte  aus  Ungarn.     Band  iv.    Heft  1-4. 
1880. 

F.  Schafarzik.  Ueber  das  Erdbeben  in  Siid-Ungarn,  642.  (For  the 
continuation  of  this  journal  see  "  Leipzig.   Ungarische  Revue.") 

 .    Magyar  Tuclomanyos  Akademia.    Ertekezesek  a  Mathema- 
tikai  Tudomanyok  Korebol.  Kotet  vii.  Szam  3-18.  (1879-80). 
1879-80. 

 -.   .   Ertekezesek  a  Termeszettudomanyok  Korebol.  Kotet 
ix.  Szam  20-25.  (1879).  1879-80. 

G.  Stollar.  Az  Also-kekedi  gyogyforras  chemiai  elemzese,  Szam  21, 
p.  3. — L.  Solymosi.  A  Felso-rakosi  savanyuviz  valamint  a  szekely- 
udvarhelyi  hideg  sosfiirdo  chemiai  elemzese,  Szam  21,  p.  19. — W.  A. 
Scherfel.  A  Felso-ruszbachi  asvanyviz*  vegyelemzese,  Szam  22.  —  J. 
Szabo.  A  granat  es  Cordierit  (Dichroit)  szereplese  a  magyarorszagi 
trachytokban,  Szam  23. 

 .  .   .    Kotet  x.  Szam  1-18  (1880).  1880-81. 
T.  Ortvay.  A  magyarorszagi  Dimaszigetek  foldirati  csoportosiilosa  s 

kepzodesok  tenyezoi,  Szam  3. — J.  Bockh.  Adatoka  Mecsekhegyseg  es 
domboideke  jurakorbeli  lerakodasainak  ismeretehez.  I.  Stratigraphiai 
resz.    Szam  10. 

— — .   .    Mathematikai  es  Termeszettdomanyi  Kozlemenyek. 
Kotet  xvi.    1881.  • 

S.  Roth.    Szepesmegye  nehany  barlangjanak  leirasa,  613. 
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Buenos  Ayres.    Socieclad  Cientifica  Argentina.    Anales.    Tomo  x. 
Entrega  1-6.  1880-81. 

J.  J.  J.  -Kyle.    La  Boronatrocalcita  de  la  Proyincia  de  Salta,  169. — 
J.  J.  J.  Kyle.    Observaciones  sobre  im  deposito  fosfatico  en  la  Patagonia, 
226. 

 .  .   .    Tomo  xi.    Entrega  2-5.  1881. 
Caen.  Societe  Linneenne  de  Normandie.  Bulletin.  Ser.  3.  Yol.  i. 

(1876-77).  1877. 
G.  de  Tromelin.  Etude  de  la  faune  du  gres  silurien  dans  le  Calvados,  5. 

— G.  Dollfus.  Terebripora  capillacea  :  Biyozoaire  nouveau  du  terrain 
devonien  du  Cotentin,  96. — J.  Pepin.  Note  sur  une  nouvelle  espece  de 
Steneosaure,  115. — L.  Crie.  Considerations  sur  la  flore  tertiaire  de  Eye 
(Sarthe),  121. — L.  Crie.  Note  sur  le  Carpolithes  Decaisneana,  nob.,  des 
gres  eocenes  de  la  Sarthe,  123. 

 .  — -.   .   .  Yol.  ii.  (1877-78).  1878. 
Moriere.  Sur  le  gres  de  Bagnoles,  5. — G.  de  Tromelin.  Sur  les 

terrains  paleozoiques  de  la  Basse-Normandie,  6. — Lodin.  Note  sur  le 
niveau  occupe  a  Honfleur  par  l'argile  de  Kimmeridge,  15. — J.  Moriere. 
Note  sur  le  gres  de  Bagnoles  (Orne),  20. — L.  Crie.  Note  sur  les  Morinda 
de  la  flore  eocene  du  Mans  et  d' Angers,  46. — J.  Moriere.  Note  sur  im 
tronc  fossile  paraissant  se  rapporter  au  genre  Cycadeomyelon,  Saporta,  51. 
— J.  Moriere.  Note  sur  une  Asteride  fossile  nouvelle  trouvee  dans 
l'oxfordien  des  Vaches-noires  entre  Dives  et  Villers-sur-Mer,  75. — 
Letellier.  Deuxieme  excursion  de  la  Societe  Linneenne  a  Alen9on,  270. 
— Lodin.  Du  mode  de  formation  et  de  la  classification  des  terrains  supe- 
rieurs,  315. — Drouaux.  La  geologie  et  l'Exposition  geologique  au  con- 
gres  du  Havre,  325. — Letellier.  Note  geologique  sur  les  terrains  traverses 
par  le  cliemin  de  fer  d'Alencon  a  Domfront,  340. — Lionnet.  Phosphates 
de  chaux  fossiles,  geologie  et  origine,  application  en  agriculture,  351. 

Calcutta.    Asiatic  Society  of  Bengal.    Journal.    N.  S.   Yol.  xlvii. 
Extra  number  to  Part  1  for  1878.  1880. 

 .   .   .  .    Yol.  xlix.    Part  1.    Nos.  1-4,  and 
extra  number.  1880-81. 

 .   .   .   .  Yol.  xlix.  Part  2.  Nos.  1-4.  1880-81. 
R.  Lydekker.  A  Sketch  of  the  History  of  the  fossil  Vertebrata  of 

India,  8. 

 .   .   .   .  Vol.  1.   Part  1.  No.  1.  1881. 

 .   .   .   .  Yol.  1.   Part  2.  No.  1.  1881. 
Y.  Ball.  On  the  Identification  of  certain  Diamond-mines  in  India, 

which  were  known  to  and  worked  by  the  Ancients,  especially  those  which 
were  visited  by  Tavernier :  with  a  note  on  the  History  of  the  Koh-i-nur, 
31. — List  of  Earthquakes  recorded  in  Assam  during  the  years  1879  and 
1880,  61. 

 .   .   Proceedings.   1880,  Nos.  2-10.  1880. 
Rev.  C.  Swynnerton.  On  a  Celt  of  the  Palaeolithic  Type  found  at 

Thandiani,  Punjab,  175. 

 .   .   .    1881,  Nos.  1-3.  1881. 
V.  Ball.  On  the  Identification  of  certain  Diamond-mines  in  India 

which  were  known  to  and  worked  by  the  Ancients,  especially  those  which 
were  visited  by  Tavernier,  2. 
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Cambridge  Philosophical  Society.     Proceedings.    Vol.  iii.  Parts 
7  &  8.  1880. 

O.  Fisher.  On  the  Implement-bearing  Loams  in  Suffolk,  285. — 
T.  MCK.  Hughes.  On  the  Transport  of  fine  Mud  and  Vegetable  Matter 
by  Confervas,  339. — T.  MCK.  Hughes.  On  the  Altered  Rocks  of  Anglesea, 
341. — W.  Keeping.  On  the  included  Pebbles  of  the  Neocomian  Deposits 
of  Potton  and  Upware,  and  their  bearing  upon  the  Physical  Features  of 
the  Lower  Cretaceous  Period,  377. 

 .    - — .    Vol.  iv.    Part  1.  1881. 
E.  Tawney  and  H.  Keeping.  On  the  Beds  at  Headon  Hill  and  Colwell 

Bay  in  the  Isle  of  Wight,  59. 
 .    Transactions.    Vol.  xiii.  Part  1.  1881. 

Cambridge,  U.S.A.    Museum  of  Comparative  Zoology  at  Harvard 
College.    Annual  Eeport  for  1879-80.  1880. 
 .   .    Bulletin.    Vol.  vi.    Nos.  8-11.  1880. 

 .   .   .    Vol.  vii.    No.  1.   (Geological  Series,  Vol.  i. 
No.  1.)  1880. 

M.  E.  Wadsworth.  Notes  on  the  Geology  of  the  Iron  and  Copper 
Districts  of  Lake  Superior,  1. 

 .   .    Vol.  viii.    Nos.  1-4.  1880. 
C.  D.  Walcott.  The  Trilobite :  new  and  old  Evidence  relating  to  its 

Organization,  192. — H.  A.  Hagen.  The  Devonian  Insects  of  New  Bruns- 
wick, 275. 
 .   .    Memoirs.    Vol.  vi.    No.  1.  1880. 

J.  D.  Whitnev.  The  Auriferous  Gravels  of  the  Sierra  Nevada  of 
California,  289. 

 .   .   .    Vol.  vii.    No.  1.  1880. 
L.  Agassiz.    Report  on  the  Florida  Reefs,  1. 
 .   .   .    Vol.  vii.    No.  2.    Part  1.  1880. 

J.  D.  Whitney.    The  Climatic  Changes  of  later  Geological  Times,  1. 

Canterbury.    East-Kent  Natural-History  Society.     12th  Report, 
1870.    Presented  by  W.  Whitalcer,  Esq.,  F.G.S. 

 .   .    20th  Report,  1878.    Presented  by  W.  WJiitaher, 
Esq.,  F.G.S. 

G.  Dowker.  On  Flint  Stones,  with  an  account  of  Banded  Flints,  20. — 
McDakin.  Structure  of  the  Sea-cliffs  at  Folkestone,  29. — McDakin.  On 
some  Fossil  Wood  from  Eastwear  Bay  near  Folkestone,  35. — J.  Reid.  On 
the  various  Iron-stone  Bands  in  the  Strata  of  East  Kent,  40. — McDakin. 
On  the  Tertiaries  of  the  London  and  Hampshire  Basins,  44. 

Cardiff  Naturalists'  Society.    Report  and  Transactions.    Vol.  xi. 1879.  1880. 
W.  J.  Sollas.  On  the  Silurian  District  01  Rhymney  and  Pen-y-lan, 

Cardiff,  7. — T.  Wright.  On  the  Geological  Features  of  the  Landscape 
seen  from  Symond's  Yat,  70. 
Cassel.     Palseontographica.     Band  xxvii.     Lief.  1-6.  1880-81. 

Purchased. 

F.  Romer.  Ueber  eine  Kohlenkalk-Fauna  der  Westkiiste  von  Sumatra,  1. 
— W.  Branco.  Beitrage  zur  Entwickelungsgeschichte  der  fossilen  Cepha- 
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lopoden,  12. — F.  Sandberger.  Ein  Beitrag  zur  Kenntniss  der  interpleisto- 
canen  Schichten  Englands,  82. — Hans  Pohlig.  Maritime  Unionen,  105. — 
M.  Neumayr  und  V.  Uhlig.  Ueber  Ammonitiden  aus  den  Hilsbildungen 
Norddeutschlands,  129. 

Cassel.    Palsaontographica.    Supplement  iii.    Lieferung  8  und  9. 
1880.  Purchased. 

R.  D.  M.  Verbeek,  O.  Boettger  und  K.  von  Fritsch.    Die  Tertiar- 
formation  von  Sumatra  und  ihre  Thierreste,  1. 

Chemical  News.   Yol.  xli.  Nos.  1074.  1880. 

 .    Yol.  xlii.   Nos.  1075-1101.  1880. 
J.  A.  Church.  The  Heat  of  the  Comstock  Lode,  42, 52. — A.  C.  Ramsay. 

Presidential  Address  to  the  British  Association,  99. — F.  A.  Massie.  On 
the  Composition  of  JDufrenite  from  Rockbridge  Co.,  Va.,  181. — F.  A. 
Massie.  Analysis  of  Amphibole  (var.  Actinolite)  from  Amelia  Co.,  Va., 
194. — W.  T.  Page.  Analysis  of  a  Highly  Aluminous  Pyroxene  from 
Amhurst  Co.,  Ya.,  194. — A.  L.  Baker.  Analysis  of  Ferruginous  Mineral, 
probably  referable  to  Amphibole,  from  Amhurst  Co.,  Ya.,  194. — W.  T. 
Page.  Examination  of  Livingstonite  from  a  New  Mexican  Locality,  195. 
— W.  T.  Page.  Examination  of  a  altered  Livingstonite  from  Guadalcazar, 
S.  Luis  Potosi,  Mexico,  195. — A.  Liversidge.  Water  from  a  Hot  Spring, 
New  Britain,  324. — A.  Liversidge.  Water  from  a  Hot  Spring,  Fiji 
Islands,  324. 

 .    Yol.  xliii.   Nos.  1102-1125.  1881. 
H.  Leffman.  Analyses  of  some  Geyser  Deposits,  124. — R.  Romanis. 

On  the  Hot  Spring  at  Natmoo  near  Maulmain,  British  Burmah,  191. 

Chemical  Society.    Journal.    No.  200.  1879. 
G.  Attwood.    On  a  Gold  Nugget  from  South  America,  427. 

 .   .   Nos.  212-217.  1880. 
H.  Baker.    On  a  Crystal  of  Diamond,  579. 

 .   .    Nos.  218-223.  1881. 
R.  H.  Davis.  The  ancient  Allum  Well  at  Harrogate,  19. — A.  Liver- 

sidge.   Analyses  of  Queensland  Soils,  61. 

 .   .    Indexes  to  vols,  xxxvii.  &  xxviii.  1880. 

Cincinnati  Society  of  Natural  History.    Journal.    Vol.  iii.   Nos.  2 
&3.  1880. 

S.  A.  Miller.  North- American  Mesozoic  and  Csenozoic  Geology  and 
Palaeontology,  79. — S.  A.  Miller.  Description  of  four  new  species  of 
Silurian  Fossils,  140. — A.  G.  Wetherby.  Remarks  on  the  Trenton  Lime- 

stone of  Kentucky,  with  descriptions  of  new  fossils  from  that  formation 
and  the  Kaskaskia  (Chester)  Group,  Sub-Carboniferous,  145. — S.  A. 
Miller.  North- American  Mesozoic  and  Csenozoic  Geology  and  Palaeon- 

tology, 165. — S.  A.  Miller.  Descriptions  of  four  new  species  and  a  new 
variety  of  Silurian  Fossils,  and  remarks  upon  others,  232. 

Clausthal.    Berg-  und  huttenmannische  Yereins  Maja.  {Late  Natur- 
wissenschaftlicher  Yereins.)    Neue  Folge.     Heft  2.  1880. 
Purchased. 

F.  Wunderlich.  Beitrag  zur  Kenntniss  der  Kielschiefer,  Adinolen  und 
Wetzschiefer  des  nordwestlichen  Oberharzes,  1. — H.  L.  Bridgman.  Das 
Erzvorkommen  im  Leadville  District,  119. 



ADDITIONS  TO  THE  LIBRARY. 

255 

Copenhagen.  Kongelige  Danske  Yidenskabernes  Selskab.  Natur- 
videnskabelige  og  Mathematiske  Afhandlinger.  Rsekke  5. 
Bind  xii.  No.  6.  1880. 

 .   .   .    Rrckke  6.    Bind  i.  Nos.  1  &  2.  1881. 

 .   .    Oversigt.    1880,  Nos.  2  &  3.  1880. 

— -.  .   .    1881,  No.  1.  1881.. 

Colliery  Guardian.    Vol.  xl.  Nos.  1018-1044.  1880f 
Excursion  of  the  Edinburgh  Geological  Society  to  Linlithgow  and 

Borrowstounness,  98. — The  Lamb-bottom  Caves  at  East  Harptree, 
Somerset,  186. — British-Association  Meeting  at  Swansea,  346,  375. — 
The  Coal  Industry  of  the  Lower  Rhine  and  of  Westphalia,  426. — W. 
Saise.  The  Kurhurballee  Coalfields,  with  some  remarks  on  Indian  Coals, 
454. — Coal  in  Cape  Colony,  461. — Coal  deposits  in  Natal,  664,  856. — 
H.  Woodward.  The  Temperature  of  strata  in  Coal  mines,  903. — W. 
Bailes.    On  Mineral  Veins,  1065. 

 .    Vol.  xli.    Nos.  1045-1068.  1881. 
John  Brown.  A  description  of  some  borings  on  the  Clifton  Estate,  and 

of  the  sinking  at  Clifton  Colliery,  Nottingham,  93. — The  deepest  Coal-pit 
in  Britain,  387. — The  St.  Etienne  Coalfield,  413. — Coal  in  Venezuela, 
493,  785. 

Cracow.  Akademija  umiejetnosci  w  Krakowie.  Sprawozdanie, 
1879.  1880. 

Jana  Trejdosiewicza.    O  porfirze  w  Krolestwie  Polskiem,  258. 

Darmstadt.  Vereins  fiir  Erdkunde.  Notizblatt.  1880.  Eolge  4. 
Heft  1.  1880. 

Delemont.  Societe  Jurassienne  d'Emulation.  L'Emulation  Juras- 
sienne.  1877,  Jan.-Juillet.  1877.  Presented  by  H.  B.  Wood- 

ward, Esq.,  F.G.S. 

Dorpat.  Natiirforscher-Gesellschaft.  Archiv  fiir  die  Naturkunde. 
Ser.  2.  Biologische  Naturkunde.  Band  ix.  Lief.  1  u.  2. 
1880. 

 .   .    Sitzungsberichte.   Band  v.  Heft  3,  1880.   ]  881. 
C.  Grewingk.  Uebersicht  der  altquartaren  und  ausgestorbenen  neu- 

quartaren  Saugethiere  Liv-,  Est-  und  Kurlands,  332. — O.  Grewingk. 
Ueber  cylindrische  Strudel-  und  Sickergruben  in  devonischen  Gypslager 
bei  Diinhof,  oberhalb  Riga,  359. — M.  Ostwald.  Ueber  Moorseen,  433. — 
C.  Grewingk.  Ueber  zwei  Geschiebehiigel  der  Westkiiste  Estland;s  und 
deren  Entstehungsweise,  435. 

Dresden.  Naturwissenschaftlichte  Gesellschaft  Isis.  Sitzungs- 
berichte. (1880.)  1881. 

Deichmuller.  Ueber  eine  Abhandlung  Ton  Walter  Keeping  "  On  some 
Columnar  Sandstone  in  Saxon  Switzerland,"  1. — A.  Jentzsch.  Briefliche 
Mittheilungen  fiber  seine  Sammlung  siichsischer  Diluyialvorkommnisse,  4. 
— H.Engelhardt.  Ueber  den  tertiaren  Siisswassersandstein  yon  Grasseth,  5. 
— E.  Zschau.  Ueber  jMineralvorkommnisse  im  Granit,  6. — H.  B.  Geinitz. 
Ueber  die  Fortschritte  der  geologischen  Eorschungen  in  Nordamerika,  59. 
— H.  Engelhardt.  Ueber  Pfianzenreste  aus  den  Tertiarablagerungen  von 
Liebotitz  und  Putschirn,  77. 
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Dublin.  Eoyal  Geological  Society  of  Ireland.  Journal.  N.  S.  Vol.  v. 
Part  3.  1880. 

T.  Mellard  Reade.  A  Problem  for  Irish  Geologists  in  Post-Glaeial 
Geology,  173. — S.  Haughton.  Notes  on  the  Annual  Water-discharge  of 
large  Rivers,  with  Indications  of  some  New  Methods  of  Calculation.  177. 
— J.  P.  O'Reilly.-  On  the  Occurrence  of  Microline  Feldspar  in  Dalkey 
Granites,  189. — V.  Ball.  On  Spheroidal  Jointing  in  Metamorphic  Rocks 
in  India  and  elsewhere,  producing  a  Structure  resembling  Glacial  "  Roches 
Moutonnees,"  193. — S.  Haughton.  On  Rossetti's  Law  of  Cooling,  applied 
to  the  consideration  of  the  relative  effects  of  Sun-heat,  Earth-heat,  Star- 
heat,  and  Atmospheric  Conditions  upon  Climates  during  Geological  Time, 
199. — G.  H.  Kinahan.  Anniversary  Address,  212. — V.  Ball.  On  the 
Evidence  in  favour  of  the  belief  in  the  existence  of  Floating  Ice  in  India 
during  the  deposition  of  the  Talchir  (Permian  or  Permio-Triassic)  Rocks, 
223.— V.  Ball.  On  the  Coalfields  and  Coal  Production  of  India,  230.— 
V.  Ball.  On  the  Mode  of  Occurrence  and  Distribution  of  Gold  in  India, 
258. 

 .    Royal  Irish  Academy.    "Cunningham  Memoirs."    No.  1. 1880. 

 .   .     Transactions.    Yol.  xxiv.     Antiquities.    Part  1. 
1864. 

 .   .   .    Vol.  xxvi.    Science.    Part  22.  1879. 

J.  P.  O'Reilly.  Explanatory  Notes  and  Discussion  of  the  Nature  of  the 
Prismatic  Forms  of  a  Group  of  Columnar  Basalts,  Giant's  Causeway,  641. 

 .   .   .  Vol.  xxvii.  Polite  Literature  and  Antiqui- 
ties.   Part  3.  1879. 

 .   .   .    Irish  Manuscript  Series.    Vol.  i.    Part  1. 
1880. 

 .   .    Proceedings.     Ser.  2.    Vol.  i.    No.  1,  1869-70. 
1870. 

W.  K.  Sullivan.  On  the  Formation  of  Thenardite  in  connexion  with 
the  date  of  the  Glacial  Period,  and  the  Temperature  that  prevailed  during 
it,  as  deduced  from  the  Influence  of  the  Eccentricity  of  the  Earth's  Orbit 
on  the  Length  of  Summer  and  Winter  in  Aphelion  and  Perihelion,  2. — 
W.  K.  Sullivan.  Note  on  the  Hornblende  and  Augite  Groups  of  Mine- 

rals, 37. 

 .   .  .    Ser.  2.   Vol.  i.   No.  11,  1874-75.  1875. 
 .   .   .    Ser.  2.    Vol.  ii.    No.  1.  1879. 

 .   .   .    Ser.  2.    Vol.  iii.    No.  4.  1880. 

Eastbourne  Natural- History  Society.    Papers,  1879-80.  Presented 
bij  W.  WhitaJcer,  Esq.,  F.G.S. 

A.  Ramsay.    On  the  Local,  Stratigraphical,  and  Palaeontological  Evi- 
dence as  to  the  conditions  of  the  Cretaceous  Ocean. 

East-India  Association.   Journal.   Vol.  xiii.   Nos.  1&2.  1880-81. 

Easton.  American  Institute  of  Mining  Engineers.  Transactions. 
Vol.  i.  1871-73.  (Philadelphia.)  Presented  by  W.  WhitaJcer, 
Esq.,  F.G.S. 

J.  F.  Blandy.  Topography,  with  especial  reference  to  the  Lake  Su- 
perior Copper  District,  75.— J.  W.  Harden.    The  Brown  Hematite-ore 
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deposits  of  South.  Mountain,  between  Carlisle,  Waynesborough,  and  the 
South-eastern  Edge  of  Cumberland  Valley,  136. — B.  S.  Lyman.  On  the 
Importance  of  Surveying  in  Geology,  183. — R.  N.  Clark.  The  Tertiary 
Coal-beds  of  Canyon  City,  Colorado,  293. — T.  S.  Hunt.  The  Geognos- 
tical  History  of  the  Metals,  331.— O.  J.  Heinrich.  The  Midlothian 
Colliery,  Virginia,  346. — B.  Silliman.  On  the  probable  Existence  of 
microscopic  Diamonds,  with  Zircons  and  Topaz,  in  the  Sands  of  Hydraulic 
Washings  in  California,  371. — T.  S.  Hunt.  Remarks  on  an  Occurrence  of 
Tin-ore  at  Winslow,  Maine,  372.— T.  S.  Hunt.  The  Origin  of  Metalli- 

ferous deposits,  413. 

Easton.  American  Institute  of  Mining  Engineers.  Transactions. 
Vol.  ii.  1873-74.  Presented  by  W.  Whitaker,  Esq.,  F.G.S. 

T.  S.  Hunt.  The  Geology  of  the  North  Shore  of  Lake  Superior,  58. — 
R.  W.  Raymond.  Remarks  on  the  Occurrence  of  Anthracite  in  New 
Mexico,  140. — R.  W.  Raymond.  Remarks  on  the  Occurrence  of  South- 
African  Diamonds,  143. — R.  P.  Rothwell.  Alabama  Coal  and  Iron,  145. 
— T.  S.  Hunt.  The  Coals  of  the  Hocking  Valley,  Ohio,  273. — J.  C. 
Smock.  The  Magnetic  Iron-ores  of  New  Jersey,  their  Geographical  Dis- 

tribution and  Geological  Occurrence,  314. 

 .   .   .    Vol.  vi.  (1877-78).   1879.   Presented  by  W. 
Whitaher,  Esq.,  F.G.S. 

A.  J.  Bowie,  jr.  Hydraulic  Mining  in  California,  27. — 0.  J.  Heinrich. 
The  Manhattan  Salt  Mine  at;  Goderich,  Canada,  125.— C.  M.  Rolker.  The 
late  operations  on  the  Mariposa  Estate,  145. — J.  C.  Smock.  The  Fire 
Clays  and  Associated  Plastic  Clays,  Kaolins,  Feldspars,  and  Fire  Sands 
of  New  Jersey,  177.— W.E.  C.  Eustis.  The  Nickel  Ores  of  Orford, 
Quebec,  Canada,  209. — A.  L.  Holley.  Notes  on  the  Iron  Ore  and  An- 

thracite Coal  of  Rhode  Island  and  Massachusetts,  224. — 0.  J.  Heinrich. 
The  Mesozoic  Formation  in  Virginia,  227. — T.  Egleston.  Copper  mining 
on  Lake  Superior,  275. — W.  S.  Keyes.  The  Eureka  Lode  of  Eureka, 
Eastern  Nevada,  344.— R.  W.  Raymond.  What  is  a  Pipe  Vein  ?,  393.— 
J.  P.  Carson.  Iron  Manufacture  in  Mexico,  398. — P.  Frazer,  jr.  Clas- 

sification of  Coals,  430. — G.  H.  Cook.  On  the  Southern  Limit  of  the  last 
Glacial  Drift  across  New  Jersey  and  the  adjacent  parts  of  New  York  and 
Pennsylvania,  467. — E.  P.  Jennings.  Analyses  of  some  Tellurium  Mine- 

rals, 506.— P.  Frazer,  jr.  Missing  Ores  of  Iron,  531.— W.  P.  Blake.  The 
Ore-deposits  of  Eureka  District,  Eastern  Nevada,  554. 

Edinburgh.    Geological  Society.    Transactions.    Vol.  iii.    Part  3. 
1880. 

A.  Taylor.  On  the  Crag  Structure  on  the  South  Slopes  of  Queen's 
Park,  279. — W.  I.  Macadam.  On  the  Chemical  Composition  of  Rocks 
from  Salisbury  Crag  (south  side),  288.— W.  M'Diarmid.  On  the  North- 

east coast  of  Norfolk,  292. — T.  Stock.  On  a  Section  recently  exposed 
near  Straiton,  294. — J.  Young.  On  Scottish  Carboniferous  Microzoa, 
299. — H.  M.  Cadell.  On  the  Volcanic  Rocks  of  the  Borrowstounness 
Coalfield,  304.— J.  Melvin.  On  the  Evidence  the  Vegetable  Soil  affords 
as  to  Geological  Time,  326. — T.  D.  Wallace.  On  the  Geology  of  Rathven 
and  Enzie,  331. — D'A.  W.  Thompson.  On  the  Ulodendron  and  Halonia, 
341. — J.  Henderson.  On  some  recently  discovered  Fossiliferous  Beds  in 
the  Pentlands,  353. — D.  Milne  Home.    Valedictory  Address,  357. 

 .    Royal  Society.    Proceedings.    Vol.  x.  1879-80. 
A.  Geikie.  On  the  Geology  of  the  Rocky  Mountains,  426. — J.  Geikie. 

The  Geology  of  the  Faroe  Islands,  495. — J.  Murry.  On  the  structure  and 
VOL.  XXXVII.  U 
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origin  of  Coral  Reefs  and  Islands,  505. — A.  Geikie.  Rock- weathering,  as 
illustrated  in  Edinburgh.  Churchyards,  518. — Sixth  Report  of  the  Boulder 
Committee,  577. — R.  H.  Traquair.  Report  on  Fossil  Fishes  collected  by 
the  Geological  Survey  of  Scotland  in  Roxburgshire  and  Dumfriesshire. 
Part  I.  Ganoidei,  710. — B.  N.  Peach.  On  some  new  Crustacea  from  the 
Cementstone  Group  of  the  Calciferous  Sandstone  Series  of  Eskdale  and 
Liddesdale,  711. 

Edinburgh.  Royal  Society.  Transactions.  Vol.  xxix.  Part  2. 
1880. 

Epping   Forest   and  County  of  Essex  Naturalists'  Field  Club. 
Transactions.    Vol.  i.    Parts  1-3.  1880-81. 

H.  "Walker.    A  day's  Elephant  Hunting  in  Essex,  27. 
Falmouth.  Royal  Cornwall  Polytechnic  Society.  Forty-eighth 

Annual  Report.  1880. 

Geneva.    Societe  de  Physique  et  d'Histoire  Naturelle.  Memoires. Tome  xxvii.    Partie  1.  1880. 
P.  de  Loriol.    Monographie  des  Echinides  contenus  dans  les  couches 

nummulitiques  de  l'Egypte,  59. 

Geological  and  Natural-History  Repertory  and  Journal  of  Prehistoric 
Archaeology  and  Ethnology.  Edited  by  S.  J.  Mackie.  1865-67. 
Purchased. 

Geological  Magazine.    Dec.  II.  Vol.  vii.  Nos.  7-12.  1880. 
W.  H.  Hudleston.  Contributions  to  the  Palaeontology  of  the  Yorkshire 

Oolites,  289,  391,  481,  529. — T.  G.  Bonney.  Classification  of  Welsh  Pre- 
Cambrian  Rocks,  298. — R.  Etheridge,  jun.  Contributions  to  British  Tnbi- 
colar  Annelides,  304. — E.  Wilson.  On  the  Unconformability  of  the  Keuper 
and  Bunter,  308.— W.  J.  M'Gee.  The  "  Laterite  "  of  the  Indian  Penin- 

sula, 310. — A.  B.  "Wynne.  The  Palaeozoic  Rocks  of  the  Northern  Punjab, 313. — T.  Davidson.  On  the  Brachiopoda  that  characterize  the  Beds  of 
Brittanjr  and  South  Devon,  337. — F.  Romer.  Note  on  the  Genus  Cau- 
nopora  of  Phillips,  343. — W.  Davies.  On  the  Bones  of  the  Lynx  from 
Teesdale  obtained  by  Mr.  James  Backhouse,  of  York,  346. — J.  J.  Harris 
Teall.  Influence  of  Earth  Movements  on  the  Structure  of  the  British 
Islands,  349. — J.  Croll.  Aqueous  Vapour  in  Relation  to  perpetual  Snow, 
357. — A.  Champernowne.  Upper  Devonian  in  Devonshire,  359. — R.  Ethe- 

ridge, jun.  Contributions  to  a  Study  of  Carboniferous  Tubicolar  Annelides, 
362. — J.  G.  H.  Godfrey.  Association  of  Stibnite  and  Cinnabar  in  Mineral 
Deposits,  369. — T.  M.  Reade.  Oceans  and  Continents,  385. — T.  G.  Bonney. 
Pebbles  in  the  Bunter  Beds  of  Staffordshire,  404.— H.  H.  Howorth.  The 
Mammoth  in  Siberia,  408,  491,  550.— W.  Keeping.  On  the  Pebbles  of 
the  Upper  Neocomian  of  the  South-east  of  England,  414. — T.  Rupert 
Jones.  Note  on  a  Well  lately  sunk  at  Wokingham,  421. — E.  T.  Newton. 
Notes  on  the  Vertebrata  of  the  Pre-Glacial  Forest-bed  of  the  East  of 
England,  424.— C.  T.  Clough.  The  "Whin  Sill"  of  Teesdale,  as  an 
Assimilator  of  the  surrounding  Beds,  433. — E.  T.  Newton.  Notes  on  the 
Vertebrata  of  the  Pre-Glacial  Forest-bed  Series  of  the  East  of  England, 
447. — E.  B.  Tawney.  Woodwardian  Laboratory  Notes :  North- Wales 
Rocks,  452. — Thoroddsen,  Thorvald.  Volcanic  Eruptions  and  Earth- 

quakes in  Iceland  within  Historic  Times,  458. — H.  Hicks.  Pre-Cambrian 
Volcanos  and  Glaciers,  488. — G.  R.  Vine.  On  the  Carboniferous  Polyzoa, 
501. — R.  J.  Ussher.   On  the  Caves  and  Kitchen-Middens  at  Carrigagower, 
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Co.  Cork,  512. — T.  G.  Bonney.  On  some  Serpentines  from  the  Rhaetian 
Alps,  538. — R.  B.  Foote.  Notes  on  the  Occurrence  of  Stone  Implements 
in  the  Coast  Laterite  south  of  Madras,  542. — A.  Liversidge.  Analyses  of 
Moa  Egg-shell,  546. — C.  Reid.  Classification  of  the  Pliocene  and  Pleis- 

tocene Beds,  548. 

Geological  Magazine.   N.S.  Dec.  II.  Vol.  viii.  Nos.  1-6.  1881. 
T.  Davidson.  On  Spiral-bearing  Brachiopoda  from  the  Wenloek  and 

Ludlow  Shales  of  Shropshire,  1. — H.  G.  Seeley.  On  two  Ornithosaurians 
from  the  Upper  Greensand  of  Cambridge,  13. — O.  Fisher.  Oblique  and 
Orthogonal  Sections  of  a  folded  Plane,  20. — F.  D.  Longe.  On  the  Oolitic 
Polyzoa,  23. — R.  H.  Traquair.  On  New  Fish-remains  from  the  Blackband 
Ironstone  of  Borough-Lee,  near  Edinburgh,  34. — W.  H.  Hudleston.  Contri- 

butions to  the  Palaeontology  of  the  Yorkshire  Oolites,  49, 110. — J.  D.  Dana. 
Metamorphism  of  Massive  Crystalline  Rocks,  59,  110,  162. — B.  N.  Peach 
and  J.  Home.  The  Glaciation  of  the  Shetland  Isles,  65. — J.  Smith  and 
T.  Rupert  Jones.  Upper  Silurian  Entomostraca,  70. — T.  Mellard  Reade. 
Oceanic  Islands,  75. — T.  Stock.  On  a  nearly  entire  Rhkodus  at  Wardie, 
77.— W.  J.  Sollas.  On  Striated  Triassic  Pebbles,  79.— A.  B.  Wynne. 
On  the  Travelled  Blocks  of  the  Upper  Punjab  and  a  supposed  Glacial 
Period  in  India,  97. — T.  Davidson  and  George  Maw.  On  the  U.  Silu- 

rian Rocks  of  Shropshire,  with  their  Brachiopoda,  100. — W.  A.  E. 
Ussher.  Pre-historic  Europe  and  the  Cornish  Forest-beds,  131. — G.  H. 
Kinahan.  1  Laccolites,'  134. — T.  Davidson.  New  Upper  Silurian  Bra- 

chiopoda from  Shropshire,  145. — G.  M.  Dawson.  Geology  of  British 
Columbia,  156,  214. — W.  H.  Hemes.  Woodwardian  Laboratory  Notes  : 
Part  3.  The  Bagshot  Beds,  171. — G.  W.  Lamplugh.  On  a  Shell-bed  under 
the  Drift  at  Speeton  near  Filey,  Yorkshire,  174. — T.  Rupert  Jones.  On  the 
Carboniferous  System  in  Britain,  181. — H.  Woodward.  Note  on  a  Head- 
shield  of  Zenaspis  Salweyi,  193. — R.  D.  Roberts.  Position  of  the  Twt-Hill 
Conglomerate,  194. — T.  Mellard  Reade.  iEolian  Sandstone,  197. — H.  H. 
Howorth.  The  Mammoth  in  Europe,  198,  251. — D.  Milne  Home.  Glaci- 

ation of  the  Shetlands,  205. — W.  G.  Lock.  Volcanic  History  of  Iceland, 
212. — J.  S.  Gardner.  Subsidence  and  Elevation,  241. — J.  E.  Marr. 
Classification  of  the  Cambrian  and  Silurian  Rocks,  245. — E.  T.  Newton. 
The  Vertebrata  of  the  Forest-bed  Series  of  the  East  of  England,  256. — 
C.  Lapworth.  Correlation  of  the  Lower  Palaeozoic  Rocks  of  Britain  and 
Scandinavia,  260. 

 .   .    Vol.  vii.  Nos.  7-12.    1880.  Purchased. 

 .   .    Vol.  viii.    Nos.  1-6.    1881.  Purchased. 

Geologists'  Association.    Proceedings.    Vol.  vi.  Nos.  7-9.  1880 and  1881. 

Visit  to  the  Museum  of  Practical  Geology,  Jermyn  Street :  Demon- 
stration on  the  Minerals  in  the  Horse-shoe  Case ;  reported  by  W.  H. 

Hudleston,  311. — J.  S.  Gardner.  Excursion  to  the  Hampshire  Coast, 
316. — R.  Owen.  Visit  to  the  British  Museum :  Demonstration  on  the 
Elephantine  Mammals,  321. — T.  Rupert  Jones,  A.  Irving,  and  C.  Cooper 
King.  Excursion  to  Camberley,  329. — W.  Whitaker.  Excursion  to 
Upnor,  336.— W.  H.  Hudleston.  Excursion  to  Oxford.— W.  H.  Hudle- 

ston. Excursion  to  Aylesbury,  344. — A.  Taylor.  On  the  Origin  and 
Petrology  (specially  of  the  South  side)  of  Salisbury  Crags,  Edinburgh, 
353.— J.  W.  Davis.  On  the  Fish  Fauna  of  the  Yorkshire  Coal-field,  359. 
— Excursion  to  Kew  Gardens,  Richmond,  and  Kingston  Hill,  370. — Ex- 

cursion to  Croydon  and  Riddlesdown,  372. — Excursion  to  Redhill,  373. 
u2 
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W.  J.  Sollas.  On  the  Geology  of  the  Bristol  District,  375. — Excursion 
to  Maidstone,  392. — Excursion  to  Leith  Hill  and  Dorking,  393. — Excur- 

sion to  Bristol,  396. — G.  S.  Boulger.  On  the  Geological  and  other 
Causes  that  Affect  the  Distribution  of  the  British  Flora,  403.— J.  F. 
Blake.  On  the  Classification  of  .Rocks,  413. — E.  Renevier.  A  Petro- 
graphical  Classification  of  Rocks,  426. — T.  Rupert  Jones.  On  the  Geology 
and  Physical  Features  of  the  Bagshot  District,  429. 

Geologists'  Association.    Proceedings.    Yol.  vii.  No.  1.  1881. 
T.  Rupert  Jones.  Presidential  Address,  1. — H.  Hicks.  On  some 

Recent  Researches  among  Pre-Carnbrian  Rocks  in  the  British  Isles,  59. 
Giessen.    Oberhessische  Gesellschaft  fiir  Natur-  und  Heilkunde. 

Neunzehnter  Bericht.  1880. 
A.  Nies.    Vorlauflger  Bericht  iiber  zwei  neue  Mineralien  von  Grube 

Eleonore  am  Diinsberg  bei  Giessen,  111. — A.  Streng.  Ueber  die  Phosphate 
von  Waldgirmes,  151. 

Gloucester.  Cotteswold  Naturalists'  Field  Club.  Proceedings. 
1879-80.  1880. 

Sir  W.  V.  Guise,  Bart.  Presidential  Address,  1879,  94. — E.  Witchell. 
On  a  Section  of  Stroud  Hill  and  the  Upper  Ragstone  Beds  of  the  Cottes- 
wolds,118.— Sir  W.  V.  Guise,  Bart.  Presidential  Address,  1880,  137.— 
T.  Wright.    On  the  Modern  Classification  of  the  Ammonitidse,  170. 

Haarlem.  Societe  Hollandaise  des  Sciences.  Archives  Neerlandaises 
des  Sciences  Exactes  et  Naturelles.  Tome  xv.  Livr.  3-5. 
1880. 

Halifax,  N.  S.  Nova-Scotian  Institute  of  Natural  Science.  Pro- 
ceedings and  Transactions.  Yol.  v.  Part  2.  1880. 

D.  Honeyman.  Nova-Scotian  Geology,  Annapolis  County,  119. — D. 
Honey  man.  Geological  Waifs  from  Magdalen  Islands,  136. — D.  Honey- 
man.  Nova-Scotian  Geology  :  Notes  on  a  New  Geological  Progress  Map 
of  Pictou  County,  192. 

Havre.  Societe  Geologique  de  Normandie.  Bulletin.  Tome  v. 
1878.  (1880?) 

G.  Lioimet.  Reunion  de  la  Societe  Linneenne  de  Normandie  a  Alen- 
con  les  15  et  16  Juin  1878  (premiere  journee),  40. — G.  Drouaux.  Reunion 
de  la  Societe  Linneenne  de  Normandie  a  Alencon  les  15  et  16  juin  1878 
(deuxieme  journee),  53. — G.  Drouaux.  La  Geologie  et  l'Exposition  geo- 

logique au  Congres  du  Havre,  74. — E.  Savalle.  Note  sur  les  sables  neo- 
comiens  de  la  Heve  et  sur  quelques  especes  f ossiles  qui  y  out  ete  recueil- 
lies,  94. — E  Savalle.  Note  sur  une  espece  de  crustace  fossile  trouve  dans 
les  sables  micaces  de  la  Heve,  98. — E.  Savalle.  Note  sur  les  sables  rni- 
caces  de  la  Heve,  100. — F.  Prudhomme.  Rapport  sur  le  Tome  V.  des 
Annales  de  la  Societe  Geologique  du  Nord,  106. — -C.  Brylinski.  Note 
sur  VEozoon  canadense,  114. — M.  Gourdon.  Note  sur  quelques  blocs 
erratiques  de  la  Vallee  de  Valencia  de  Arreu,  Catalogue,  119. — (G.  Lion- 
net?).  Notes  sur  quelques  substances  minerales  servant  aux  Arts  ou  a, 
lTndustrie,  120. — G.  Biochet.  Note  sur  le  dolmen  troue  d'Aizier,  Eure, 137. 

 .   .   .    Tome  vi.  1879.    1880.    (Exposition  Geo- 
logique et  Paleontologique  du  Havre  en  1877.) 

Description  de  l'Exposition,  1. — G.  Lennier  et  G.  Lionnet.  Resume 
sur  la  Geologie  Normande,  29. — Letellier.    Les  terrains  des  environs 



ADDITIONS  TO  THE  LIBRARY. 26l 

d'Alencon,  523. — W.  A.  E.  Ussher.  Etude  sur  les  roches  triasiques  de 
Normundie  et  sur  les  depots  limitrophes,  531. — A.  Duraud.  L'etage  co- 
rallien  sur  le  littoral  du  Calvados,  563. — E.  Savalle.  Note  sur  les  sables 
micaces  de  l'etage  neocomien,  a  la  Heve,  et  sur  quelques  especes  fossiles 
decouvertes  recemment  a  ce  niveau,  577. — G.  Dollfus.  Essai  sur  l'ex- 
tension  des  terrains  tertiaires  dans  le  bassin  anglo-parisien,  584. — G. 
Cotteau.  Catalogue  des  Echinides  jurassiques  de  Norniandie,  606. — G. 
de  Saporta.  Notice  sur  les  vegetaux  fossiles  de  la  craie  inferieure  des 
environs  du  Havre,  640. — G.  Drouaux.  Combustibles  mineraux  eu  Nor- 

man die,  662. — C.  Marchand.  De  la  composition  chiniique  des  calcaires 
exposes  par  la  Societe  Geologique  de  Normandie,  692. — Besnou.  Consi- 

derations sommaires  sur  quelques  produits  sousmarins,  et  analyses  de  ces 
produits,  704. — E.  Marchand.  Considerations  generales  sur  la  constitu- 

tion des  eaux  potables  et  en  particulier  des  eaux  du  terrain  cretace  dans 
les  arrondissements  du  Havre  et  d'Yvetot,  742. — H.  Meurdra.  Etude 
sur  le  regime  des  sources  du  Havre,  777. — E.  T.  Hamy.  Notes  d'an- 
thropologie  paleontologique,  prises  a  l'Exposition  du  Havre,  791. — D. 
Bourdet.  L'archeologie  prehistorique  a  l'Exposition  du  Havre,  807. — C. 
Beaugrand.  Note  sur  quelques  silex  tailles  des  environs  d'Yvetot  et  du Havre,  846. 

Heidelberg.    Naturbistoriscri-medicinischer  Yerein.  Yerhandlirngeri. 
Neue  Folge.    Band  ii.  Heft  5.  1880. 

A.  Schmidt.    Die  Zinkerz-Lagerstatten  von  Wiesloch,  Baden,  369. 

Institution  of  Civil  Engineers.    Minutes  of  Proceedings.    Yol.  lx. 
1880. 

 .   ■.    Yol.  lxi.  1880. 
J.  Lucas.  The  Hydrogeology  of  the  Lower  Greensands  of  Surrey  and 

Hampshire,  200. — G.  Attwood.  The  Chile  Vein  Gold  Works,  South 
America,  244. 

 .   .    Yol.  lxii.  1880. 

 .   .    Yol.  lxiii.  1881. 

Kansas.    Kansas  City  Review  of  Science  and  Industry.    Yol.  ii. 
No.  10.    1879.    Presented  by  W.  Whitaker,  Esq.,  F.G.S. 

 .   .    Yol.  iii.  No.  6.  1879. 
B.  F.  Mudge.  Botany  and  Evolution,  321. — E.  P.  West.  Following 

the  Pick  and  the  Spade,  328.— W.  H.  R.  Lykins.  The  Stone  Age  in 
Kansas,  331. 

 .   .    Yol.  iii.  No.  9.  1880. 
J.  A.  Smith.  Some  Objections  to  Modern  Geological  Teachings,  740. 

— The  Attractions  of  the  Yellowstone  National  Park,  743. 
 .   .    Yol.  iv.  No.  1.  1880. 

T.  M'K.  Hughes.    Antiquity  of  Man  Questioned,  19. 
Lausanne.  Societe  Yaudoise  des  Sciences  Naturelles.  Bulletin. 

Ser.  2.  Tome  xvii.  No.  84  1880. 

E.  Schmidt.  Analyse  de  l'eau  de  Vernex-dessus,  15. — G.  Maillard. 
Nouveau  gisement  de  feuilles  fossiles,  32. — P.  de  la  Harpe.  Note  sur  les 
Nummulites  Partsehi  and  Oosteri,  de  la  H.,  du  calcaire  du  Michelsberg, 
pres  Stockerau  (Autriche)  et  du  Gurnigelsandstein  de  Suisse,  33. — G. Maillard.  Notice  sur  la  molasse  dans  la  ravine  de  la  Pandeze  an  Moulin 
de  Belmont,  81. — W.  Fraisse.    Note  sur  les  erosions  de  Yallamand,  157. 
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Leeds.    Philosophical  and  Literary  Society.    The  Annual  Report 
for  1879-80.  1880. 

 .    Yorkshire  Geological  and  Polytechnic  Society.  Proceedings. 
Vol.  vii.  Part  3,  1880.  1881. 

J.  W.  Davis.  On  the  Distribution  of  Fossil  Fish  in  the  Yorkshire 
Coal-fields,  228. — G.  W.  Lamplugh.  On  a  Fault  in  the  Chalk  of  Flambro' 
Head,  with  some  Notes  on  the  Drift  of  the  Locality,  242. — J.  R.  Dakyns. 
On  Glacial  Deposits  North  of  Bridlington,  246. — J.  Magens  Mello.  On  a 
Short  History  of  the  Creswell  Caves,  252. — J.  W.  Davis.  On  a  Group 
of  Erratic  Boulders  at  Norber,  near  Clapham,  in  Yorkshire,  266. — W.  H. 
Wood.  On  a  Chemical  Method  of  Distinguishing  Black  Obsidian  from 
Black  Blast  Furnace  Slag,  274.— W.  Y.  Veitch.  On  the  Geology  of  the 
District  around  Middlesborough,  284. — T.  Allison.  Notes  on  the  Geology 
of  the  Cleveland  District,  285. — L.  C.  Miall.  On  some  Bones  of  Ctenodus, 
289. — J.  W.  Davis.  Report  of  the  Raygill  Fissure  Exploration  Commit- 

tee, 300. — J.  W.  Davis.  Summarv  of  Geological  Literature  relating  to 
Yorkshire,  published  during  1878,  1879,  and  1880,  319. 

Leipzig.     Naturforschende  Gesellschaft.    Sitzungsberichte.  Jahr- 
gang  vi.  1879.  1880. 

 .   .   .    Jahrgang  vii.  1880.  1881. 
H.  Credner.  Ueber  die  geologischen  Resultate  einer  Tief  bohrung  am 

Berliner  Bahnhofe  zu  Leipzig,  1. 

 .    Ungarische  Revue.    1881.    Hefte  1-3.  1881. 

 .     Zeitschrift  fur  Krystallographie  und  Mineralogie.  (Groth.) 
Band  iv.    Hefte  5  &  6.    1880.  Purchased. 

H.  Laspeyres.  MineralogischeBemerkungen,433. — L.  Calderon.  Ueber 
die  optischen  Eigenschaften  der  Zinkblende  von  Santander,  504. 

 .   .    (  .)    Band  v.    Hefte  1-6.    1880-81.  Pur- 
chased. 

G.  vom  Rath.  Mineralogische  Mittheilungen,  1. — A.  Daniour  und  G. 
vom  Rath.  Ueber  den  Kentrolith,  eine  neue  Mineralspecies,  32. — A. 
Bertin.  Ueber  eie  Farben  von  Krystallplatten  im  elliptisch  polarisirten 
Liclite,  36. — V.  von  Zepharovich.  Mineralogische  Notizen,  96. — A.  Brim. 
Mineralogische  Notizen,  103. — W.  Voigt.  Ueber  den  Einfluss  einer 
Kriimmung  der  Prismenflachen  auf  die  Messungen  von  Brechungsindices 
und  iiber  die  Beobachtungen  des  Herrn  Calderon  an  der  Zinkblende,  113. 
— W.  Websky.  Ueber  die  Berechnung  der  Elemente  einer  monoklinischen 
Krystallgattung,  168. — G.  J.  Brush  und  E.  S.  Dana.  Ueber  Krystalli- 
sirten  Danburit  von  Russell,  St.  Lawrence  County,  New  York,  183. — G. 
J.  Brush  und  E.  S.  Dana.  Ueber  die  Mineralfundstatte  von  Branchville, 
Connecticut:  der  Spodumen  und  seine  Zersetzungsprodukte,  191. — A. 
Grosse-Bohle,  Ueber  das  optische  Verhalten  des  Senarmontils  und  der 
reguliiren  arsenigen  Saure,  222. — A.  Daniour  und  G.  vom  Rath.  Ueber 
den  Trippkeit,  eine  neue  Mineralspecies,  245.— M.  Guyot.  Ueber  einen 
ungewohnlich  grossen  Euklaskrystall,  250. — F.  Sansoni.  Ein  neues  Vor- 
kommen  von  krystallisirten  Manganspath,  250. — F.  Sansoni.  Pyrit  vom 
Binnenthal,  252. — P.  Groth.  Beitrag  zur  krystallographischen  Kenntniss 
des  Wismuthglanzes,  252. — P.  Groth.  Eine  Pseudomorphose  aus  dem 
Binnenthal,  253. — G.  vom  Rath.  Mineralien  von  Zoptau,  253;  Baryt 
in  Basalt,  256 ;  Mineralien  von  Copiapo  in  Chile,  256 ;  Ueber  Fahlerz 
von  Horhausen,  258 ;  Diaspro  vom  Greiner,  259. — D.  M.  Kramberger. 
Pilarit,  ein  neues  Mineral  aus  der  Gruppe  des  Chrysocolla,  260. — C.  Dolter. 
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KrystaUographisch-chemische  Studien  am  Vesuvian,  289. — G.  A.  Konig. 
Jarosit  von  einer  neuen  Fundst'atte,  317. — G.  A.  Konig.  Beegerit,  ein 
neues  Mineral,  322. — A.  von  Lasaulx.  Mineralogische  Notizen,  32G. — H . 
Forstner.  Cossvrit,  ein  Mineral  aus  den  Liparitlaven  der  Insel  Pantel- 
laria,  348.— H.  Forstner.  Ueber  kiinstlichen  Wurtzit,  363.— 0.  Vrba. 
Mineralogische  Notizen,  417. — J.  Beckenkarnp.  Ueber  die  Ausdehnung 
inonosymmetrischer  und  asymmetrischer  Krystalle  durch  die  Warme,  436. 
— G.  J .  Brush.  Ueber  arnerikanische  Sulfoselenide  des  Quecksilbers,  467. 
— A.  Arzruni  und  S.  Koch.  Ueber  den  Analchn,  483. — G.  vom  Rath. 
Quarz  und  Feldspathe  von  Dissentis,  490. — G.  vom  Rath.  Lamellare 
Zwillingsvenvachsung  des  Augit  nach  der  Basis,  495. — P.  Groth.  Einige 
Erwerbungen  der  Strassburger  Universitatssammlung,  496. — J.  Lehmann. 
Krystallographische  Mittheilungen,  529. — M.  Websky.  Ueber  Descloizit 
und  Vanadinit  aus  La  Plata,  542. — E.  Bamberger  und  K.  Feussner.  So- 
dalith  von  Tiahuanaco,  580. 

Lille.    Societe  Ge'ologique  du  Nord.  Annales.  Tome  vii.  (1879-80). 1881. 

Ladriere.  Documents  nouveaux  pour  l'etude  du  terrain  devonien  des 
environs  de  Bavai,  1. — Ladriere.  Le  terrain  quaternaire  du  Nord,  11. — 
A.  Rutot  et  E.  Vanden  Broeck.  Les  phenomenes  post-tertiaires  en  Bel- 

gique dans  leurs  rapports  avec  l'origine  des  depots  quaternaires  et 
modernes,  33. — A.  Potier.  Lettre  a  M.  Gosselet  au  sujet  de  l'argile  a 
silex,  53. — Ortlieb.  Compte-rendu  d'une  excursion  geologique  a  Renaix, 
Belgique,  67. — De  Lapparent.  Note  sur  l'argile  a  silex  du  Nord  de  la 
France,  79. — C.  Barrois.  Note  sur  les  alluvions  de  la  Serre,  Aisne,  82. 
— A.  Rutot.  Note  sur  une  coupe  de  terrain  observee  dans  la  Gare  de 
Frameries  pres  Mons,  Belgique,  92. — Gosselet.  Notes  sur  les  sables  ter- 
tiaires  du  plateau  de  l'Ardenne,  100. — Potier.  Resultats  de  deux  sondages 
de  Sangatte,  112. — F.  Romer.  Le  genre  Oldhamia,  Forbes,  115. — 
Gosselet.  De  1' usage  du  droit  de  priorite  et  de  son  application  aux  noms 
de  quelques  Spiriferes,  122. — Gosselet.  Roches  cristallines  des  Ardennes, 
132.— O.  Barrois.  Sur  les  recherches  geologiques  de  Mr.  G.  K.  Gilbert 
dans  les  monts  Henry,  160. — Gosselet.  Division  a  etablir  dans  le  terrain 
diluvien  de  la  vallee  de  la  Somme,  165. — C.  Barrois.  Note  sur  l'etage 
turonien  de  l'lrlande,  173. — C.  Barrois.  Note  sur  la  fauna  quaternaire 
de  Sangatte,  181. — Ladriere.  Observations  sur  le  terrain  cretace  des  envi- 

rons de  Bavai,  184. — Gosselet.  Sondage  de  Menin,  188. — Van  Ertborn. 
Sur  la  position  du  Diestien,  et  Page  des  sables  blancs  de  Herenthals,  191. — 
J.  Ortlieb.  Lettre  a  M.  le  Maire  de  Tourcoing  au  sujet  de  l'etablisse- 
ment  d'un  Cimetiere,  192. — Gosselet.  Troisieme  note  sur  le  Famennien  : 
tranckee  du  chemin  de  fer  du  Luxembourg ;  les  schistes  de  Barvaux,  195. 
— Jannel.  Note  sur  la  presence  de  phosphates  dans  le  lias  des  Ardennes 
et  de  la  Meuse,  201.  —  Gosselet.  Quatrieme  note  sur  le  Famennien: 
divisions  a  etablir  dans  les  schistes  et  les  Psammites  des  environs  de 
Maubeuge,  206. — Ladriere.  Note  sur  les  tranchees  des  chemin  de  fer 
d'Henin-Lietard  a  Garvin,  211. — P.  Hallez.  Discours  presidentiel,  217. 
— T.  Barrois.  Rapport  sur  les  travaux  de  la  Societe  en  1878-79,  229. — 
Gosselet.  Compte-rendu  de  l'excursion  aux  environs  de  Saint-Omer,  235. 
— N.  de  Mercey.  Note  sur  la  confusion  resultant  de  l'emploi  de  la  deno- 

mination d'argile  a  silex  appliquee  a  deux  depots  places,  l'un  a  la  base, 
et  l'autre  au  sommet  de  la  serie  tertiaire  du  Nord  de  la  France,  237. — N. 
de  Mercey.  Observations  a  l'occasion  de  quelques  travaux  publies  dans les  Annales  de  la  Societe  geologique  du  Nord  sur  le  quaternaire  ancien, 
246. — O.  Barrois.  Sur  le  terrain  silurien  superieur  de  la  presqu'ile  de 
Crozon,  258. — Gosselet.  Description  geologique  du  canton  de  Berlaimont, 
270. — J.  Ladriere.    Etude  sur  les  limons  des  environs  de  Bavai,  302. — 
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P.  Duponchelle.  Compte-rendu  de  l'excursion  du  29  aout  au  7  sep- 
tenibre  1879  dans  les  terrains  primaires  de  l'Ardenne  et  de  l'Eifel,  319. 
— C.  Maurice.  Compte-rendu  de  l'excursion  du  3  au  7  septembre  1879 
dans  les  regions  volcaniques  de  l'Eifel,  331. — C.  Maurice.  Compte-rendu 
de  l'excursion  geologique  du  29  mars  au  ler  avril  1880  dans  le  Boulon- 
nais,  350. — P.  Duponchelle.  Gris-Nez  et  environs  de  Marquise,  360. — 
J.  Coroenne.  Compte-rendu  de  l'excursion  du  jeudi  29  avril  1880  a 
Sainghin,  369. — -C.  Maurice.  Compte-rendu  de  l'excursion  du  2  mai 
1880,  372. — J.  Coroenne.  Compte-rendu  de  l'excursion  du  6  juin  1880, 
a  Ath  et  a  Lens,  376. — Tracliet.  Compte-rendu  de  l'excursion  geologique 
du  16  au  18  mai  1880,  dans  l'arrondissement  d'Avesnes,  379. 
Linnean  Society.    Journal.    Zoology.   Vol.  xv.    No.  82.  1880. 

 .   .   .   .    Nos.  83-85.  1880-81. 
E.  Ray  Lankester.  On  the  Tusks  of  the  fossil  Walrus  found  in  the 

Red  Crag  of  Suffolk,  144. — P.  H.  Carpenter.  On  the  Genus  Solanocrinus, 
Goldfuss,  and  its  Relations  to  recent  Comatulce,  187. 

 .   .    Botany.    Vol.  xviii.    Nos.  106-112.  1880-81. 

 .    Transactions.    2nd  Ser.    Botany.    Yol.  i.    Parts  8  &  9. 
1880. 

Lisbon.  Academia  Real  das  Sciencias.  Jornal  de  Sciencias  Mathe- 
maticas,  Physicas  e  Naturaes.   Yol.  vi.    No.  24.  1878. 
 .   .   .  Yol.  vii.    Nos.  25-28.  1879-80. 

J.  F.  N%  Delgado.  Oorrespondance  relative  a  la  classification  des  schistes 
siluriens  a  Nereites  decouverts  dans  le  sud  du  Portugal,  103. — J.  C.  B. 
Cotter.  Fosseis  das  bacias  terciarias  marinas  do  Tejo,  do  Sado  e  do 
Algarve,  112. 

 .   .   .    Yol.  viii.    No.  29.  1880. 

 .  .    Sessao  publica  ern  9  de  Junho  de  1880.  1880. 

 .   .  Memorias.  Classe  de  Sciencias  Mathematicas,  Phy- 
sicas e  Naturaes.  Ser.  2.  Tomo  v.  Parte  2.  1878. 

J.  Filippe  Nery  Delgado.  Terrenos  paleozoicos  de  Portugal,  sobre  a 
existencia  do  terreno  siluriano  no  Caixo  Alemtejo.  —  Carlos  Ribeiro. 
Estudios  prehistoricos  em  Portugal.  Noticia  d'algumas  estacoes  e  monu- 
mentos  prehistoricos.    Noticia  da  estacao  humana  de  Licea. 

 .    Sociedade  de  Geographia.    Boletin.    Ser.  2.    Nos.  1-4. 
1880-81. 

Liverpool.  Geological  Society.  Proceedings.  Session  21st  (1879-80). 
Yol.  iv.  Part  2.  1880. 

W.  Semmons.  Presidential  Address,  98. — C.  Ricketts.  On  the  Car- 
boniferous Limestone  near  Skipton  and  in  North  Derbyshire,  132 — T. 

M.  Reade.  The  Glacial  Beds  of  the  Clyde  and  Forth,  139. — R.  A.  Esk- 
rigge.  Notes  on  human  Skeletons  and  Traces  of  human  Workmanship 
found  in  a  Cave  at  Llandudno,  153. — W.  Boyd  Dawkins.  Memorandum 
on  the  Remains  found  in  the  same  Cave,  156. 

 .    Naturalists'  Field  Club.   Proceedings  for  the  year  1879-80. 
1880.    Presented  by  W.  Whitalcer,  Esq.,  F.G.S. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  Series  5. 
Yol.  x.  Nos.  59-64.  1680.  Presented  by  Br.  Francis,  F.L.S., 
F.G.S. 
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London,  Edinburgh,  and  Dublin  Philosophical  Magazine.    Series  5. 
Vol.  xi.   Nos.  65-71.    1881.   Presented  by  Dr.  Francis,  F.G.8. 

London.    Hertfordshire  Natural-History  Society  and  Meld  Club. 
Transactions.    Vol.  i.    Part  1.  1880. 

J.  E.  Harting.    Animals  which  have  become  extinct  in  Britain  within 
historic  times,  5. 

London  Iron-Trades  Exchange.  Vol.  xxvi.    No.  1098.  1880. 
 .    Vol.  xxvii.    Nos.  1099-1124.  1880. 

The  Minerals  of  New  South  Wales,  7,  66, 134, 169, 196, 237, 268. 
 .    Vol.  xxviii.    Nos.  1125-1199.  1881. 

Petroleum  in  Venezuela,  397. — Extinct  Monsters  in  a  Coal  Mine,  536. 

Manchester.   Geological  Society.   Transactions.  Vol.  xv.   Parts  14- 
18.  1880. 

J.  B.  Perrin  and  John  Plant.  On  concretionary  Nodules  of  Limestone 
and  foliated  Mouldings  in  the  Permian  Marls  near  Leigh,  305. — W.  Watts. 
Geological  Strata,  and  Mode  of  Procedure  in  driving  a  Tunnel  at  Saddle- 
worth,  352. — J.  D.  Kendall.  The  Formation  of  Rock-basins,  368. — C.  E. 
De  Ranee.    Further  Notes  of  Triassic  Borings  near  Warrington,  388. 

 .   .   .   Vol.  xvi.    Parts  1-5.  1881. 
J.  Dickinson.  On  the  Discovery  of  Rock-Salt  at  Preesal,  Lancashire, 

26. — H.  A.  Woodward.  On  the  Temperature  of  Strata  and  Seams  of 
Coal  taken  in  the  new  Sinkings  of  the  Clifton  and  Kersley  Coal  Company 
at  Newtown  Collieries,  Clifton,  29. — G.  Wild.  On  marine  fossil  Shells 
at  Ashton  Moss  Collierv  Sinking,  near  Ashton-under-Lyne,  37. — W. 
Watts.  On  "  Arctic  Peat  Bog,"  Rhodes  Bank,  Oldham,  43.— G.  H.  Kina- 
han.  Iron-masked  Rocks,  77. — J.  T.  Boot.  Sections  of  Collieries  and 
Bore-holes,  83. 

— - — .    Literary  and  Philosophical  Society.    Memoirs.    Series  3. 
Vol.  vi.  1879. 

Rooke  Pennington.  A  Descent  into  Elden  Hole,  Derbyshire,  1. — A. 
W.  Waters.  Inquiries  concerning  a  Change  in  the  Position  of  the  Earth's 
Axis,  110. — C.  A.  Burghardt.  On  the  Origin  of  some  Ores  of  Copper,  171, 
253. — E.  W.  Binney.  Notice  of  a  fossil  Plant  found  at  Laxey,  in  the 
Isle  of  Man,  214. — J.  B.  Hannay.    On  Siliceous  Fossilization,  234. 

>  .   .    Proceedings.   Vol.  xvi.  (1876-77).  1877. 
W.  Boyd  Dawkins.  Address,  34. — J.  Plant.  Wealden  Fossils  from 

Columbia,  S.  America,  50. — -M.  Stirrup.  The  Raised  Beaches  of  the 
County  Antrim,  their  Molluscan  Fauna  and  Flint  Implements,  51. — M. 
M.  Pattison  Muir.  Note  on  a  Manganese  Ore  from  New  South  Wales, 
and  on  a  Specimen  of  native  Silver  from  New  Zealand,  58. — H.  Grim- 
shaw.  On  a  Mineral  Water  from  Humphrey  Head,  near  Grange  Sands, 
North  Lancashire,  63. — E.  W.  Binney.  A  Notice  of  some  organic  Remains 
from  the  Schists  of  the  Isle  of  Man,  102. — A.  W.  Waters.  Inquiries 
concerning  a  Change  of  Position  of  the  Earth's  Axis,  171. — John  Plant. 
Footprints  of  Dinornis,  Bones  of  Dinornis  and  Dodo,  181. — M.  Stirrup. 
Upon  Specimens  from  the  Fresh  Water  Deposits  of  La  Limagne  d'Auvergne 
in  Central  France,  182. — E.  W.  Binney.  Note  on  the  Upper  Coal-Measures 
of  Canobie,  Dumfriesshire,  192. 

 .  .  .    Vol.  xvii.  (1877-78).  1878. 
A.  W.  Waters.  Table  of  Effect  of  Movements  of  the  Surface  of  the 

Globe  on  the  Shifting  of  the  Axis  of  the  Earth,  2. — E.  W.  Binney.  On 
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some  Coal-Measure  Plants  and  other  organic  Remains  from  Spain,  5.  — 
M.  M.  Pattison  Muir.  Note  on  an  Edible  Clay  from  New  Zealand,  6.  — 
C.  A.  Burghardt.  On  the  Origin  of  some  Ores  of  Copper,  27,  151. — E. 
W.  Binney.  Notice  of  a  large  Boulder  Stone  at  Old  Trafford,  Manchester, 
54. — W.  0.  Williamson.  On  the  Microscopic  Conditions  of  a  Slab  from 
the  Mountain  Limestone  of  Bolland,  70. — E.  W.  Binney.  Notice  of  a 
fossil  Plant  found  at  Laxey,  in  the  Isle  of  Man,  85. — J.  B.  Hannay.  On 
Siliceous  Fossilization  (Part  1),  97. 

Manchester.  Literary  and  Philosophical  Society.  Proceedings. 
Yol.  xviii.  (1878-79).  1879. 

E.  W.  Binney.  On  Boulders  of  Clay  from  the  Drift,  40. — C.  Grimshaw 
and  H.  Grimshaw.  On  a  further  Analysis  of  the  Water  of  the  Mineral 
Spring  at  Humphrey  Head,  45.— A.  Bell.  The  Area  of  the  Middle  Drifts 
as  determined  by  their  Contents,  51. — J.  B.  Hannay.  On  Siliceous  Fos- 

silization (Part  2),  75. — C.  A.  Burghardt.  Mineralogical  Notes,  111. — 
E.  W.  Binney.  On  the  Marine  Shells  found  in  the  Lancashire  Coalfields, 
117. 

 .  .  .    yd.  xix.  (1879-80).  1880. 
E.  W.  Binney.  Notes  on  some  Fossils  from  the  Iron  Mines  of  Furness, 

5. — J.  Plant.  Bog-butter  (Butyrellite),  from  Co.  Galway,  Ireland,  70. — 
E.  W.  Binney.  Notes  on  a  Bore  through  Triassic  and  Permian  Strata 
lately  made  at  Openshaw,  98. — J.  Plant.  On  Flexible  Sandstone,  103. — 
J.  Plant.  On  the  Use  of  Infusorial  Earth,  106.— Watson  Smith.  The 
Castel  Nuovo  Lignite  Deposit,  near  San  Giovanni,  Tuscany,  135. 

Melbourne.  Royal  Society  of  Yictoria.  Transactions  and  Proceed- 
ings. Vol.  xvi.  1880. 

A.  W.  Howitt.  The  Diorites  and  Granites  of  Swift's  Creek  and  their 
Contact  Zones,  with  Notes  on  the  Auriferous  Deposits,  11. — J.  Cosmo 
Newbery.  Some  new  Localities  for  Minerals  in  Victoria,  144. — N.  Taylor. 
Notes  on  the  Geology  of  the  West  Tamar  District,  Tasmania,  155. 

Middlesbrough.    Cleveland  Institution  of  Engineers.  Proceedings, 
1879-80.    No.  6.    Presented  by  G.  Barrow,  Esq.,  F.G.S. 

G.  Barrow.    On  the  Cleveland  Ironstone  (Part  2),  180. 

Mineralogical  Society.   Journal.  Vol.  iv.   Nos.  17-19.  1880-81. 
J.  H.  Collins.  On  some  Cornish  Tin-stones  and  Tin-capels,  1,  103.— 

Heddle.  The  Geognosy  and  Mineralogy  of  Scotland,  County  of  Caith- 
ness, 21. — J.  P.  Howley.  List  of  Newfoundland  Minerals,  36. — A.  French. 

On  a  peculiar  pasty  Form  of  Silica  from  a  Cavity  in  Gold-bearing  Quartz, 
42.  — Heddle.    On  a  new  Face  on  Crystals  of  Stilbite  from  two  Localities, 
43.  — T.  A.  Redwin.  Further  Notes  on  Mineral  Growth,  96.— Heddle. 
Preliminary  Notice  of  Substances  which  may  prove  to  be  new  Minerals, 
117. — W.  Terrill.  On  certain  crystallized  Products  formed  in  Smelting 
Operations,  133. — Heddle.  On  the  Geognosy  and  Mineralogy  of  Scotland : 
Sutherland,  135. — H.  C.  Bolton.  Action  of  Organic  Acids  on  Minerals, 
181. — Heddle.  On  Substances  which  may  prove  to  be  new  Minerals,  189. 
— C.  O.  Trechmann.    On  crystallized  Olivine  from  Slag,  192. 
Montreal.  Canadian  Naturalist.  N.  S.  Vol.ix.  Nos.  6-8.  1880-81. 

J.  W.  Dawson.  New  Facts  respecting  the  geological  Relations  and 
fossil  Remains  of  the  Silurian  Ores  of  Pictou,  Nova  Scotia,  332. — G.  F. 
Matthew.  Tidal  Erosion  in  the  Bay  of  Fundy,  368.— T.  Sterry  Hunt. 
Geological  Notes,  or  Abstracts  of  recent  Papers,  429. — C.  U.  Shepard. 
A  peculiar  Mineral  of  the  Scapolite  Family,  437. — J.  W.  Dawson. 
Revision  of  the  Land  Snails  of  the  Paleozoic  Era,  with  Descriptions  of 
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new  Species,  449. — F.  Bain.  Note  on  Fossils  from  the  Red-Sandstone 
System  of  Prince-Edward  Island,  463. 
Montreal.    Canadian  Naturalist.    N.  S.    Vol.  x.    No.  1.  1881. 

J.  W.  Dawson.  Palreontological  Notes,  1. — A.  W.  Wright.  On  the 
Gaseous  Substances  contained  in  the  Smoky  Quartz  of  Branchville,  Conn., 
12. — G.  M.  Dawson.  Note  on  the  Geology  of  the  Peace-River  Region,  20. 
— J.  F.  Whiteaves.  On  a  new  Species  of  Pterichthys,  allied  to  Bothrio- 
lepis  ornata,  Eichwald,  from  the  Devonian  Rocks  of  the  north  side  of  the 
Baie  des  Chaleurs,  23. — J.  F.  Whiteaves.  Description  of  a  new  Species 
of  Psammodus  from  the  Carboniferous  Rocks  of  the  Island  of  Cape 
Breton,  36. — R.  Chalmers.  On  the  Glacial  Phenomena  of  the  Bay- 
Chaleur  Region,  37. — C.  Hoffmann.  Recent  Analyses  of  Canadian 
Minerals  and  River-waters,  55. 

Montrose.  Natural-History  and  Antiquarian  Society.  Report  of 
the  Directors,  1881.  1881.  Presented  by  W.  S.  Dallas,  Esq., 
F.L.S. 

R.  Barclay.  Mineralogy  of  the  Arbroath  and  Montrose  Railway-cut- 
ting, 8. 

Moscow.  Societe  Imperiale  des  Naturalistes.  Bulletin.  Tome  liv. 
(1879).    No.  4.  1880. 
 .   .   .    Tome  lv.  Nos.  1  &  2.  1880. 

V.  KiprijanofT.  Ueber  fossile  Fische  des  Moscauer  Gouvernements,  1. 
— W.  H.  Twelvetrees.  On  a  Labyrinthodont  Skull  (Platyops  Rickardi, 
Twelvetr.)  from  the  Upper  Permian  Cupriferous  Strata  of  Kargalinsk 
near  Orenburg,  117. — W.  H.  Twelvetrees.  On  Theriodont  Humeri  from 
the  Upper  Permian  Copper-bearing  Sandstones  of  Kargalinsk  near  Oren- 

burg, 123. — H.  Trautschold.  Zur  Frage  iiber  das  Sinken  des  Meeres- 
spiegels,  174. 

Munich.  Koniglieh-bayerische  Akademie  der  Wissenschaften.  Ab- 
handlungen  der  mathematisch-physikalischen  Classe.  Band  xiii. 
Abth.  3.  1880. 

 .   .     Sitzungsberichte  der  mathematisch-physikalischen 
Classe.  1879,  Heft  4.  1879. 

 .   .   .  1880,  Hefte  1-4.  1880. 
C.  W."  Giimbel.  Geognostische  Mittheilungen  aus  den  Alpen,  164, 

542. — C.  W.  Giimbel.  Ueber  die  mit  einer  Fliissigkeit  erfiillten  Chalce- 
donmandeln  (Enhydros)  von  Uruguay,  241. — F.  Pfaff.  Petrographische 
Untersuchungen  iiber  die  eocenen  Thonschiefer  der  Glarner  Alpen,  461. 

 .   .  .   1881,  Hefte  1  und  2.  1881. 
V.  Kobell.  Ueber  Polarisationsbilder  an  Zwillingen  zweiaxiger  Kry- 

stalle,  199. — K.  Haushofer.  Ueber  das  Verhalten  des  Dolomit  gegen 
Essigsaure,  220. 
Nancy.  Societe  des  Sciences.  Bulletin.  Serie  2.  Tome  iv.  Fasc.  10 

(1879).  1880. 
Fliche.  Sur  les  lignites  quaternaires  de  Jarville,  8. — Braconnier. 

Description  des  terrains  qui  constituent  le  sol  du  departement  de  Meurthe- 
et-Moselle,  12. 

 .   .   .   .    Tome  iv.  Fasc  11  (1880).  1880. 
Nature.    Yol.  xxii.  Nos.  556-574.  1880. 

J.  S.  Gardner.    A  Chapter  in  the  History  of  the  Coniferse,  199. — J. 
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Milne.  Seismology  in  Japan,  208. — T.  S.  Humpidge.  New  Metals, 
232.— The  Caribbean  Sea,  242. — N.  S.  Maskelyne.  Prof.  W.  H.  Miller, 
247. — Artificial  Diamonds,  255. — A.  Geikie.  North- American  Geology  : 
Idaho  and  Wyoming,  268. — J.  S.  Gardner.  Observations  on  Arctic 
fossil  Floras  with  regard  to  Temperature,  341. — J.  Murray.  The  Struc- 

ture and  Origin  of  Coral  Reefs  and  Islands,  351. — A.  C.  Ramsay.  Address 
to  the  British  Association  :  On  the  Recurrence  of  certain  Phenomena  in 
Geological  Time,  383. — H.  0.  Sorby.  Opening  Address  to  the  Geological 
Section  of  the  British  Association,  390. — A.  Geikie.  A  Fragment  of 
Primeval  Europe,  400. — A.  Agassiz.  Palseontological  and  Embryological 
Development,  424. — British  Association :  Reports  of  Committees,  442  ; 
Section  C,  Geology,  449.— H.  B.  Guppy.  The  Yang-tse,  the  Yellow 
River,  and  the  Pei-ho,  487. — Landslips,  505. — Richard  Owen,  577. — A. 
Zittel.    The  Geology  of  the  Libyan  Desert,  587. 

Nature.    Yol.  xxiii.    Nos.  575-600.  1880-81. 
A.  Geikie.  The  Lava-fields  of  North-western  Europe,  3— A.  Murray. 

Mineral  Resources  of  Newfoundland,  46. — Curious  Impressions  in  Cam- 
brian Sandstone  near  Loch  Maree,  93. — J.  Thomson.  Notes  on  the 

Geology  of  East  Central  Africa,  102.— C.  J.  Merriman.  Subterranean 
Forest  in  India,  105.— British  Earthquakes,  117— A.  Geikie.  The 
Mineralogical  Society  of  Great  Britain  and  Ireland,  150. — A.  Geikie. 
Geology  of  Bosnia  and  Herzegovina,  224. — J.  S.  Gardner.  A  Chapter 
in  the  History  of  the  Coniferse,  251,  412. — J.  S.  Gardner.  Geologising 
at  Sheppey,  293.— C.  E.  De  Ranee.  The  Blackheath  Holes,  365.— Inter- 

esting new  Crinoids,  377. — Dr.  J.  J.  Bigsby,  389. — The  recent  Discovery 
of  the  Body  of  Rhinoceros  Mcrckii  in  Siberia,  466— Gold  in  Newfound- 

land, 472. — V.  Ball.  On  the  Identity  of  some  ancient  Diamond-mines 
in  India,  especiallv  those  mentioned  by  Tavernier,  490. — H.  J.  Johnston- 
Lavis.  The  Earthquake  in  Ischia,  497.— C.  E.  De  Ranee.  The  Inter- 

national Geological  Congress,  510. — Achille  Delesse,  535. — The  new- 
Museum  of  Natural  History,  549. — Dunes  amd  Moving  Sand,  569.— Sir 
Philip  de  Malpas  Grey  Egerton,  579— C.  A.  Stevenson.  Earthquake  of 
November  28,  1880,  in  Scotland  and  Ireland,  591. 

 .    Yol.  xxiv.    Nos.  601-607.  1881. 
T.  G.  Bonney.    A  Geologist's  Notes  on  the  Royal  Academy,  85. 

Neuchatel.    Societe  des  Sciences  Naturelles.    Bulletin.    Tome  xii. 
Cahier  1.  1880. 

E.  Desor.   Sur  la  mer  saharienne,  16.— Ritter.    De  Taction  des  vagues 
sur  les  sables  des  bords  du  lac  de  Neuchatel,  114. 

Newcastle-upon-Tyne.  Natural- History  Society  &c.  Natural- 
History  Transactions.  Yol.  vii.  Part  2.  1880. 

R.  E.  Hooppel.  Presidential  Address  to  the  Members  of  the  Tyneside 
Naturalists'  Field  Club,  187.— W.  Howchin.  Notes  on  a  Find  of  Pre- 

historic Implements  in  Allendale,  with  Notices  of  similar  Finds  in  the 
surrounding  District,  210. — J.  Wright.  Short  Memoir  of  the  Life  of 
Thomas  Belt,  F.G.S.,  235.— Hugh  Miller.  Tyneside  Escarpments :  their 
Preglacial,  Glacial,  and  Postglacial  Features,  285.—  R.  Howse.  Pre- 

liminary Note  on  the  Discovery  of  old  Sea-caves  and  a  raised  Sea-beach 
at  Whitburn  Lizards,  361 .— R.Howse.  Note  on  the  Priority  of  Discovery 
of  Anodon  Jukesii,  Forbes,  in  the  Lower  Carboniferous  Rocks  of  North 
Northumberland,  376. 

•.  North-of-England  Institute  of  Mining  Engineers.  Trans- 
actions.  Yol.  xxix.  (1879-80).  1880. 
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New  Haven,  Conn.  American  Journal  of  Science.  Ser.  3.  Vol.  xx. 
Nos.  115-120.  1880. 

J.  D.  Dana.  Geological  Relations  of  the  Limestone  Belts  of  West- 
chester County,  N.  Y.,  21,  191,  359,  450.— C.  A.  White.  Antiquity  of 

certain  subordinate  Types  of  Fresh-water  and  Land  Mollusca,  44. — 
C.  U.  Shepard.  Mineralogical  Notices,  54. — J.  M.  Stillman.  Bernar- 
dinite ;  its  Nature  and  Origin,  93. — G.  J.  Brush  and  E.  S.  Dana.  On 
Crystallized  Danburite  from  Russell,  St.  Lawrence,  New  York,  111. — 
J.  F.  Whiteaves.  On  a  new  Species  of  Pterichtln/s,  allied  to  Botkno- 
lepis  ornata,  Eichwald,  from  the  Devonian  Bocks  of  the  North  Side 
of  Baie  des  Chaleurs,  132.— C.  D.  Wallcott.  The  Permian  and  other 
Palaeozoic  Groups  of  the  Kanab  Valley,  Arizona,  221. — 0.  C.  Marsh. 
Notice  of  Jurassic  Mammals  representing  two  new  Orders,  235. — G.  J. 
Brush  and  E.  S.  Dana.  Mineral  Locality  at  Branchville.  Connecticut : 
(fourth  paper)  Spodumene  and  the  Results  of  its  Alteration,  257. — A. 
Agassiz.  Palseontological  and  Embryological  Development,  294,  375. — 
J.  W.  Dawson.  Revision  of  the  Land  Snails  of  the  Palaeozoic  Era,  with 
Descriptions  of  new  Species,  403. — W.  O.  Crosby  and  G.  H.  Barton. 
Extension  of  the  Carboniferous  Formation  in  Massachusetts,  416. — E.  T. 
Cox.  Discovery  of  Oxide  of  Antimony  in  extensive  Lodes  in  Sonora, 
Mexico,  421. — H.  S.  Williams.  Abstract  of  some  Palaeontoiogical  Studies 
of  the  Life  History  of  Spirifer  Icevis,  EL,  45U. 

 .   .   .    Yol.  xxi.    Nos.  121-126.  1881. 
G.  W.  Hawes.    The  Albany  Granite,  New  Hampshire,  and  its  Contact 

Phenomena,  21. — C.  Barrois.    Review  of  Professor  Hall's  recently  pub- 
lished Volume  on  the  Devonian  Fossils  of  New  York,  44. — Earthquake 

at  the  Philippine  Islands,  of  July  1880,  52. — W.  H.  Dall.    Notes  on 
Alaska  and  the  Vicinity  of  Behrino-  Strait,  104. — S.  H.  Scudder.  Relation 
of  Devonian  Insects  to  later  and  existing  Types,  111. — C.  U.  Shepard. 
Meteoric  L'on  of  Lexington  Co.,  S.  C,  117. — G.  F.  Wright.    Date  of  the 
Glacial  Era  in  Eastern  North  America,  120. — P.  Collier.  A  remarkable 
Nugget  of  Platinum,  123. — R.  P.  Whitfield.    A  new  Genus  and  Species 
of  Air-breathing  Mollusk  from  the  Coal-measures  of  Ohio,  125. — J.  L. 
Smith.   Hiddenite,  a  Variety  of  Spodumene,  128. — S.  W.  Ford.  Remarks 
on  the  Genus  Obolella,  131. — H.  M.  Chance.    The  Millstone  Grit  in 
England  and  Pennsylvania,  134. — O.  C.  Marsh.    Principal  Characters 
of  American  Jurassic  Dinosaurs,  167. — S.  H.  Scudder.    Structure  and 
Affinities  of  JEuphoheria  of  Meek  and  Worthen,  182. — C.  G.  Rockwood. 
Recent  American  Earthquakes,  198. — G.  W.  Hawes.    Liquid  Carbon 
Dioxide  in  Smoky  Quartz,  203. — A.  W.  Wright.    Gaseous  Substances 
contained  in  Smoky  Quartz  of  Branchville,  Conn.,  209. — W.  C.  Kerr. 
Origin  of  new  Points  in  the  Topography  of  North  Carolina,  216. — W.  P. 
Blake.    Occurrence  of  Realgar  and  Orpiment  in  LTtah  Territory,  219. — 
O.  C.  Marsh's  Monograph  on  tire  Odontornithes  or  Toothed  Birds  of 
North  America,  255. — W.  E.  Hidden.     Whitfield  County,  Georgia, 
Meteoric  Iron,  286. — J.  E.  Hilgard.    The  Basin  of  the  Gulf*  of  Mexico, 288.— E.  A.  Smith.     The  Geology  of  Florida,  292. — G.  J.  Brush.  On 
American  Sulpho-Selenides  of  Mercury,  with  Analvses  of  Onofrite  from 

Utah  by  W.  J.  Comstock,  312.— H.  S.  WiUiams. '   Channel-fillings  in Upper  Devonian  Shales,  318. — 0.  C.  Marsh.     New  Order  of  extinct 
Jurassic  Reptiles  (Cceluria),  339. — 0.  C.  Marsh.    Discovery  of  a  fossil 
Bird  in  the  Jurassic  of  Wyoming,  341. — 0.  C.  Marsh.    American  Ptero- 
dactyles,  342. — W.  C.  Kerr.    Action  of  Frost  in  the  Arrangement  of 
superficial  Earthy  Material,  345. — N.  H.  Winchell.    Ball's  Observations on  Arctic  Ice,  and  the  Bearing  of  the  Facts  on  Glacial  Phenomena  in 

Minnesota,  358.— J.  P.  Cooke. "  William  Hallowes  Miller,  379.— G.  M. 
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Dawson.  Geology  of  Peace-River  Region,  391. — 0.  C.  Marsh.  American 
Jurassic  Dinosaurs,  417. — J.  D.  Dana.  Geological  Relations  of  the 
Limestone  Belts  of  Westchester  County,  New  York :  South  Westchester 
County  and  Northern-New- York  Island,  425. — J.  L.  Smith.  Nodule  of 
Chromite  in  the  Interior  of  compact  Meteoric  Iron  from  Cohahuila,  461. 
J.  F.  Whiteaves.  Fossil  Fishes  from  the  Devonian  Rocks  of  Scaumenac 
Bay,  in  the  Province  of  Quebec,  494. — 0.  0.  Marsh.  New  Jurassic 
Mammals,  511. 

New  Haven,  Conn.  Peabody  Museum  of  Yale  College.  Memoirs. 
Yol.i.  1880. 

0.  C.  Marsh.  Odontornithes :  a  Monograph  on  the  extinct  Toothed 
Birds  of  North  America,  1. 

New  York.  Lyceum  of  Natural  History.  Annals.  Yol.  xi.  No. 
13  (Index  and  Contents).  1876. 

■  .   .   .    N.  S.    Yol.  i.    Nos.  9-13.  1879-80. 
A.  A.  Julien.    On  Spodumene  and  its  Alterations,  318. 

New  York.  The  Engineering  and  Mining  Journal.  Yol.  xxxi. 
Nos.  1-11,  13-22.  1881.  Presented  by  Dr.  C.  Le  Neve 
Foster,  F.G.S. 

A.  C.  Campbell.  The  Copper  and  Iron-bearing  Rocks  of  Lake  Su- 
perior, 20. — W.  B.  Devereux.  Gold  and  its  associated  Minerals  at 

King's  Mountain,  North  Carolina,  39. — W.  C.  Kerr.  The  Mica  Yeins  of 
North  Carolina,  211. — A.  Murray.  The  Gold  Region  near  Brigus,  New- 

foundland, 232.— The  Gold  Mines  of  the  Rhastian  Alps,  281.— J.  S.  New- 
berry. The  Genesis  of  our  Iron  Ores,  286,  298.— F.  M.  F.  Cazin.  The 

Triassic  Age  of  Sand-Rock  carrying  ores  of  Copper  and  Silver,  and  the 
origin  of  these  Ores,  300.— The  History  of  Tin,  313.— The  Geological 
formation,  Tombstone,  Arizona,  316. 

Norwich  Geological  Society.    Proceedings.   Yol.  i.  Part  5.  1881. 
II.  B.  Woodward.  On  a  Disturbance  of  the  Chalk  at  Trowse,  109. — 

J.  Reeve.  Additions  to  List  of  Fossils  from  the  Norwich  Crag  at 
Bramerton,  110. — H.  Norton.  On  the  Palaeontology  of  the  Ancients 
(Greeks  and  Romans),  110. — A.  J.  Jukes  Browne.  The  Subdivisions  of 
the  Chalk,  113. — J.  H.  Blake.  Well-boring  at  East  Dereham  Water- 

works, 126. — C.  Reid.  Well-boring  at  Cromer  Waterworks,  129.— H. 
Norton.  Derivation  of  the  Word  "  Paramoudra,"  132. — J.  H.  Blake.  On 
the  Age  and  Relation  of  the  so-called  Forest-bed  of  the  Norfolk  and 
Suffolk  Coast,  137. 

Norwich.  Science  Gossip  Club.  Report  of  Proceedings  at  the 
Annual  Meeting,  June  11,  1874.  1874.  Presented  by  H.  B. 
Woodward,  Esq.,  F.G.S. 

 .   .     Report  of  Proceedings  at  the  Annual  Meetings 
June  6,  1877,  and  May  14,  1878.    1878  (?).    Presented  by 
H.  B.  Woodward,  Esq.,  F.G.S. 

S.  C.  Sothern.    Presidential  Address,  6. — H.  B.  Woodward.  Presi- 
dential Address,  29. 

Nottingham.  The  Forester,  or  the  Nottingham-High-School  Maga- 
zine.   Yol.  i.    1878.   Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 
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Nottingham.  The  Forester,  or  the  Nottingham-High-School  Maga- 
zine. Vol.  ii.  1879.  Presented  by  W.  Whitaker,  Esq., 

F.G.S. 
The  Sandstones  of  the  Carboniferous  and  Triassic  Rocks,  68. — Geo- 

logical Excursion  to  Charnwood  Forest,  94. 

 .  .    Vol.  iii.    1880.    Presented  bij  W.  Whitaker,  Esq., 
F.G.S. 

The  Origin  of  Sandstones,  36. 

Palaeontographical  Society.  Monographs.  Vol.  xxxy.  (1881;.  1881. 
(Two  copies.) 

T.  Wright.  The  Cretaceous  Echinodermata,  yoI.  i.  part  9. — T.  David- 
son. Supplement  to  the  Fossil  Brachiopoda,  vol.  iv.  part  4. — J.  Lycett. 

The  Fossil  Trigonise  :  Supplement. — T.  Wright.  The  Lias  Ammonites, 
Part  4. — R.  Owen.  The  Reptilia  of  the  Liassic  Formation,  Part  3. — 
L.  Adams.  The  Fossil  Elephants  (E.  primigenius  and  meridionalis), 
Part  3. 

Paris.  Academie  des  Sciences.  Comptes  Rendus.  Tome  xcii. 
Nos.  1-24.  1881. 

W.  L.  Green.  Nouvelle  irruption  du  Mauna-Loa  (iles  Hawai),  48. — 
A.  Daubree.  Substances  cristallines  produites  aux  depens  de  medailles 
antiques,  immergees  dans  les  eaux  thermales  de  Baracci,  commune 
d'Olmeto  (Corse),  27. — A.  Daubree.  Production  contemporaine  du  soufre 
natif  dans  le  sous-sol  de  Paris,  101. — B.  Studer.  Le  contact  mecanique 
du  gneiss  et  du  calcaire,  dans  i'Oberland  bernois,  observe  par  M.  A. 
Baltzer,  169. — A.  Daubree.  Examen  de  materiaux  provenant  de  quelques 
forts  vitrifies  de  la  France ;  conclusions  qui  en  resultent,  269. — D.  Col- 
ladon.  Sur  le  tremblement  de  terre  qui  a  ete  ressenti  en  Suisse,  le  27 
janvier  1881,  330. — S.  Meunier.  Examen  lithologique  et  geologique  de 
la  meteorite  tombee  le  13  Octobre  1872  aux  environs  de  Soko-Banja,  en 
Serbie,  331. — F.  Fouque  et  A.  M.  Levy.  Reproduction  artificielle  des 
basaltes,  367. — A.  Daubree.  Sur  les  reseaux  de  cassures  011  diaclases  qui 
coupent  la  serie  des  terrains  stratifies;  nouveaux  exemples  fournis  par 
les  couches  cretacees  -aux  environs  d'Etretat  et  de  Dieppe,  393. — A.  Cara- 
ven-Cachin.  Anciennete  de  YElephas  primigenius  (Blum.)  dans  le  bassin 
sous-pyreneen,  475. — Desor.  Ossements  humains  trouves  dans  le  dilu- 

vium de  Nice ;  examen  de  la  question  geologique,  746. — Niepce.  Osse- 
ments humains  trouves  dans  le  diluvium  de  Nice ;  description  des 

ossements,  749. — Quatrefages.  Ossements  humains  trouves  dans  le 
diluvium  de  Nice ;  determination  de  la  race,  750. — A.  Gaudry.  Sur  un 
nouveau  genre  de  poisson  primaire,  752. — A.  Julien.  Sur  l'existence  et 
les  caracteres  du  terrain  cambrien  dans  le  Puy-de-D6me  et  dans  1'Allier, 
754. — Dieulafait.  Loi  generale  de  formation  des  eaux  minerales  salines  : 
application  au  cas  particulier  de  Greoux  (Basses- Alpes),  756. — L.  Crie. 
Sur  la  decouverte,  a  Noirmoutiers  (Vendee)  de  la  flore  eocene  a  Sabalites 
andegavensis,  Sch.,  759. — A.  Julien.  Sur  la  nature  et  l'ordre  drapparition 
des  roches  eruptives  anciennes  que  Ton  observe  dans  la  region  des  volcans 
a  crateres  du  Puy-de-D6me,  799. — Des  Cloizeaux  et  Damour.  Note  sur 
la  chalcomenite,  nouvelle  espece  minerale  (selenite  de  cuivre),  837. — 
J.  L.  Smith.  Anomalie  magnetique  du  fer  meteorique  de  Sainte-Cathe- 
rine,  843. — Mayen^on.  Sur  la  bismuthine  produite  par  les  houilleres 
incendiees,  854. — F.  Fouque  et  A.  Michel  Levy.  Reproduction  arti- 

ficielle des  diabases,  dolerites  et  meteorites  a  structure  ophitique,  890. — 
A.  Julien.  Sur  le  terrain  devonien  de  Diou  (Allier)  et  de  Gilly  (Saone- 
et-Loire),  891. — H.  Filhol.    Sur  les  differentes  especes  d'Ours  dont  les 
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debris  sont  ensevelis  dans  la  cavern e  de  Lherin  (Ariege),  929. — Le  Cha- 
telier.  Production  d'un  silicate  de  baryte  hydrate  en  cristaux,  931. — 
E.  Mallard.  Snr  la  production  d'un  phosphure  de  fer  cristallise  et  du 
feldspatli  anorthite,  dans  les  incendies  des  houilleres  de  Commentry,  933. 
De  Pellissier.  Sur  le  tremblement  de  terre  de  Ohio,  956. — G.  Holland. 
Sur  les  grandes  dunes  de  sable  du  Sahara,  968.— A.  Daubree.  Examen 
de  materiaux  provenant  des  forts  vitrifies  de  Craig  Phadrick,  pres  Inver- 

ness (Ecosse)  et  de  Hartmanuswillerkopf  (Haute- Alsace),  980. — A. 
Daubree.  Meteorite  tombee  a  Louans  (Indre-et-Loire)  le  25  janvier 
1845  et  dont  la  chute  est  restee  inedite,  984. — Lawrence  Smith.  Nodule 
de  chromite  dans  l'interieur  du  fer  meteorique  de  Oohahuila  (Mexique) 
(meteorite  de  Butcher),  991. — F.  Fouque.  Sur  la  serie  stratigraphique 
des  roches  qui  constituent  le  sol  de  la  haute  Auvergne,  1039. — F.  Fouque 
et  M.  Levy.  Examen  de  quelques  produits  artificiels  de  James  Hall, 
1040. — E.  Filhol.  Sur  quelques  feldspaths  de  la  vallee  de  Bagneres-de- 
Luchon  (Haute-Garonne),  1059. — A.  Gaudry.  Sur  les  plus  anciens  rep- 

tiles trouves  en  France,  1143. — H.  FayoL  Etudes  sur  le  terrain  houiller 
de  Commentry,  1172.— G.  de  Saporta  et  A.  F.  Marion.  Sur  les  genres 
Williamsonia,  Carruth.  et  Goniolma,  d'Orb.,  1185, 1268. — F.  Pisani.  Sur 
un  vanadate  de  plomb  et  de  cuivre  du  Laurium,  1292. — A.  Julien.  Sur 
l'existence  du  terrain  cambrien  a  Saint-Leon  et  Chatelperron  (Allier), 
1293. — H.  Fayol.  Sur  le  terrain  houiller  de  Commentry;  experiences 
faites  pour  en  expliquer  la  formation,  1296. — De  Lesseps.  Sur  le  rap- 

port de  M.  le  commandant  Roudaire,  relatif  a  sa  derniere  expedition  dans 
les  chotts  tunisiens,  1309. — E.  Hebert.  Observations  sur  les  resultats 
geologiques  fournis  par  les  missions  de  M.  le  commandant  Roudaire  dans 
les  chotts  tunisiens,  1310. — A.  Daniour.  Nouvelles  analyses  sur  la  jadeite 
et  sur  quelques  roches  sodiferes,  1312. — C.  Friedel  et  E.  Sarrasin.  Sur 
la  reproduction  par  voie  aqueuse  du  feldspatli  orthose,  1374. — A.  Julien. 
Sur  la  faune  carbonifere  de  Regny  (Loire)  et  ses  relations  avec  celle  de 
l'Ardoisiere  (Allier),  1431. 

Paris.    Annales  des  Mines.    Serie  7.   Tome  xvii.    2e  et  3e  livr.  de 
1880.  1880. 

Delesse  et  de  Lapparent.  Extraits  de  geologie  pour  les  annees  1877 
et  1878,  209. — Petiton.  Note  sur  les  mines  de  l'archipel  des  Feroe  (iles 
de  Suderoe  et  de  Naalsoe),  305. — F.  Rigaud.  Notice  sur  les  travaux 
executes  a  Bourboime-les-Bains,  349. 

 .   .   .    Tome  xviii.    4^-6e  livr.  de  1880.  1880. 
E.  Boutan.  Note  sur  la  constitution  geologique  de  1'isthme  de  Panama, 

au  point  de  vue  de  l'execution  du  canal  interoceanique,  5. — E.  Sauvage. 
Notice  sur  les  sources  minerales  des  departements  de  Seine-et-Oise,  de 
Seine-et-Marne  et  du  Loiret,  102. — Ferrand.  Notice  sur  les  mines 
d'anthracite  de  la  Mure,  121. — A.  Carnot.  Note  sur  deux  varietes  de 
diadochite  (phosphosulfate  de  fer)  trouvees  dans  la  mine  d'anthracite  de 
Peychagnard  (lsere),  148. — G.  Holland.  Mission  transsaharienne  de 
Laghouat,  El-Goleah,  Ouargia,  Biskra :  geologie  et  hydrologie,  152. — 
Domeyko.  Note  sur  des  cristaux  epigenes  de  cuivre  metallique  prove- 

nant des  mines  de  cuivre  de  Coro-Coro  en  Bolivie,  531. — Domeyko. 
Note  sur  les  mineraux  de  bismuth  de  Bolivie,  du  Perou  et  du  Chili, 
538. 

 .   .   .    Tome  xix.   lre  livr.  de  1881.  1881. 
Villot.  Note  sur  le  regime  de  la  source  de  Camoins-les-Bains  (com- 

mune de  Marseille),  5,  157. — M.  Du  Chatenet.  Etat  actuel  de  l'indus- trie  minerale  dans  le  Cerro  de  Pasco,  61. 
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Paris.    Annales  des  Sciences  Geologiques.    Tome  x.    1879.  Pur- 
chased. 

C.  Barrois.  Memoire  sur  le  terrain  cretace  du  bassin  d'Oviedo,  No.  1. — 
Cotteau.  Notice  sur  les  Ecliinides  urgoniens  recueillis  par  M.  Barrois 

dans  la  province  d'Oviedo  (Espagne),  No.  2. — H.  Filhol.  Etude  des 
niammiferes  fossiles  de  Saint-Geraud  le  Puy  (Allier),  No.  8. 

 .   .    Tomexi.   Nos.  1  &  2.    1880.  Purchased. 
H.  Filhol.  Etude  des  mammiferes  fossiles  de  Saint-Geraud  le  Puy 

(Allier),  1,  49. 

 .   .     Tome  xi.    Nos.  1  &  2.    1880.     Presented  by 
*  M.  Hebert. 

 .    Annales  des  Sciences  Naturelles.    Serie  6.    Zoologie  et  Pa- 
leontologie.    Tome  ix.  Nos.  1-6.    1880.  Purchased. 
 .   .   .    Tomex.    Nos.  1-6.    1880.  Purchased. 

 .    Annales  Hydrographiques.    Serie  2.    Tome  i.    2e  semestre 
1879.  1879.     Presented  by  the  Depot  de  la  Marine. 
 .   .  .    Index  to  vols.  xxix.  to  xli.  1879. 

 .     Association   francaise   pour   l'Avancement   des  Sciences. 
Compte-rendu  de  la  8e  Session  (Montpellier,  1879).  1880. Purchased. 

Garrigou.  Des  sources  minerales  mercurielles  de  la  France,  analyse 
des  eaux  minerales,  474. — A.  Toucas.  Notice  sur  le  terrain  cretace  des 
Corbieres,  574. — V.  Lemoine.  Sur  les  ossements  fossiles  des  terrains 
tertiaires  inferieurs  des  environs  de  Reims,  585. — E.  Riviere.  De  quelques 
hyperostoses  de  poissons  trouvees  dans  les  grottes  quaternaires  de  Menton 
en  Italie,  595. — F.  Ponimerol.  Le  mouflon  quaternaire,  600. — A.  Jean- 
jean.  Etude  sur  l'oxfordien  superieur,  le  corallien  et  le  neocomien  infe- 
rieur,  dans  les  Cevennes,  610. — P.  de  Loriol.  Les  crinoides  fossiles  de 
la  Suisse,  627. — C.  Grad.  Sur  la  formation  des  charbons  feuilletes  gla- 
ciaires  de  la  Suisse,  636. — Cazales  de  Fondouce.  Erosion  de  cailloux 
quaternaires  due  a  Taction  du  vent  et  du  sable,  646. — P.  de  Loriol.  Note 
sur  les  echinides  recueillis  dans  les  expeditions  du  '  Challenger'  et  du 
'Blake,'  650. — G.  Cotteau.  Considerations  stratigraphiques  et  paleon- 
tologiques  sur  les  echinides  de  l'etage  cenomanien  de  TAlgerie,  655. — 
Moriere.  Note  sur  une  station  de  silurien  a  la  Breche-au-diable  (Cal- 

vados), 663. — C.  Barrois.  Sur  l'etendue  du  systeme  tertiaire  inferieur 
dans  les  Ardennes  et  sur  les  argiles  a  silex,  666. — C.  Barrois.  Sur  le 
marbre  griotte  des  Pyrenees,  668. — C.  Barrois.  Sur  la  faune  troisieme 
silmienne  du  Finistere,  669. — E.  Riviere.  Le  pliocene  de  Castel  d'Appio 
en  Italie,  nomenclature  des  fossiles  qu'il  renferme,  670. — Oilier  de 
Marichard.  Les  troglodytes  de  TArdeche  ou  premiere  page  inedite  de 
l'histoire  du  Vivarais,  797. — Pommerol.  Le  gisement  quaternaire  de 
Sarlieve,  801. — F.  Daleau.  Les  stations  prehistoriques  des  etangs 
d'Hourtin  et  de  Lacanau  (Gironde),  807. — P.  Fiere.  Grottes  prehis- 

toriques du  Dauphine,  852. 

Paris.    Depot  de  la  Marine.    Annnaire  des  Marees  des  cotes  de 

France  pour  l'an  1881.  1880. 
 .    Journal  de  Conchyliologie.   Serie  3.  Tome  xx.  Nos.  3  et  4. 
1880.  Purchased. 

R.  Tournouer.  Description  d'un  Ostrea  fossile  de  la  mollasse  miocene VOL.  xxxvii.  00 
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de  Forcalquier,  Basses-Alpes,  256. — H.  Douville.     Sur  la  forine  de 
1'ouverture  de  V Ammonites  pseudo-ancejis,  355. 
Paris.    Journal  de  Conchyliologie.    Serie  3.    Tome  xxi.   No.  1. 

Purchased. 

 .    Museum  d'Histoire  Naturelle.   N ouvelles  Archives.  Serie  2. 
Tome  iii.  Ease.  1  et  2.  1880. 

S.  Meunier  et  J.  Lambert.    Recherches  stratigraphiques  et  paleon- 
tologiques  sur  les  sables  marins  de  Pierrefitte  pres  Etampes,  Seine-et-Oise, 
235. — A.  T.  de  Rochebrune.    Revision  des  ophidiens  fossiles  du  Museum 
de  histoire  naturelle,  272. 

 .    Revue  Scientifique  de  la  Erance  et  de  FEtranger.    Sene  2. 
Tome  xix.  Nos.  1-26.  1880. 

Eouque.  De  la  petrologie,  de  la  place  qu'elle  doit  occuper  dans  les programmes  universitaires  et  des  modifications  principales  a  apporter 
dans  ces  programmes  en  ce  qui  regarde  les  sciences  geologiques,  18. — 
G.  Rolland.  La  mission  transsaliarienne  d'El  Goleah,  53. — 0.  Velain. 
La  chorologie  des  sediments  et  sa  signification  pour  la  geologie  et  la 
theorie  de  la  descendance,  204. — Eriedel.  La  reproduction  des  mineraux, 
242.—  C .  Barrois.  Paleontologie  de  l'Etat  de  New  York,  257. — J.  Thoulet. 
Contribution  a  l'etude  des  proprietes  physiques  et  clrimiques  des  mine- 
raux  microscopiques,  283. — J.  Roche.  La  mission  d'exploration  trans- 
saharienne,  505. — J.  Bayol.    La  mission  du  haut  Niger,  601. 

 .   .   .   Tome  xix.  Nos.  1-25.  1881. 
Faye.  Les  volcans  de  la  lime,  130. — Les  sources  de  naphte  dans  la 

region  du  Caucase,  337. — C.  Velain.  LAlgerie  et  le  pays  des  Kroumirs,, 
545. — G.  Rolland.    Les  grandes  dunes  de  sable  du  Sahara,  609. 

 .    Societe  Geologique  de  Erance.  Bulletin.    Serie  3.  Tomevi. 
(1878).  Nos.  9  &  10.  1880. 

A.  Cordelia.  Note  sur  les  mines  du  Laurium  et  sur  les  nouveaux  gites 
de  mmerai  de  zinc  (Smithsonite),  577. — Loustau  et  Belhomme.  Note 
sur  an  sondage  execute"  a  Monsoult  (Seine-et-Oise),  581. — G.  Dollfus. 
Observations  sur  le  sondage  de  Monsoult,  583. — Bonneau  du  Martray. 
Note  sur  un  bloc  erratique  situe  dans  la  vallee  de  la  Dragne,  pres  de 
Moulins-Engilbert  (Nievre),  a  2  kilometres  environ  de  la  faille  occiden- 
tale  du  Morvan,  598. — Torcapel.  Les  glaciers  quaternaires  des  Cevennes, 
600. — Daubree.  Experiences  sur  la  production  de  deformations  et  de 
cassures  par  glissement,  608. — Potier.  Sur  la  direction  des  cassures  dans 
les  corps  isotropes,  609. — Hebert  et  Munier-Chalnias.  Recherches  sur 
les  terrains  tertiaires  du  Vicentin,  610,  619. — R.  Zeiller.  Sur  une  nou- 
velle  espece  de  Dicranophyllum,  611. — Leymerie.  Observations  sur  le 
memoire  de  M.  Peron  sur  les  calcaires  a  Echinides  des  bains  de  Rennes, 
616. — Peron.  Reponse  aux  observations  de  M.  Leymerie,  616. — Cotteau. 
Sur  l'exposition  geologique  et  paleontologique  du  Havre,  618. — Tournouer. Sur  les  perites  des  marnes  a  Hipparion  du  puits  Kharoubi,  pres  Oran, 
618. — Tournouer.  Sur  les  coquilles  marines  trouvees  dans  la  region  des 
chotts  sahariens,  619. — E.  Riviere.  Note  sur  la  grotte  de  Grimaldi,  621. 
— Sauvage.  Note  sur  les  poissons  fossiles,  623. — Tardy.  De  la  limite 
entre  le  Cretace  et  le  Tertiaire  aux  environs  de  Vitrolles  (Bouches-du- 
Rhone),  637. — C.  Velain.  Compte-rendu  de  l'excmsion  a  Meudon,  654. 
— Tournouer.  Compte-rendu  de  l'excursion  a  Etampes,  663. — De  Lap- 
parent.  Excursion  dans  le  pays  de  Bray,  675. — De  Mercey.  Compte- 
rendu  de  l'excursion  a  Maigneley,  679. — C.  Velain.  Compte-rendu  de 
l'excursion  de  la  Frette  a  Sannois,  687. — H.  Douville.  Compte-rendu  de 
l'excursion  a  Vernon  (Tre  partie),  694. — De  Chancourtois.  Compte-rendu 
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de  Pexcursion  a  Vernon  (2C  partie),  697. — De  Chancourtois.  Stir  les 
alignements  geologiques  releves  dans  les  environs  de  Vernon,  703. — H. 
Douville.  Resume  de  l'etat  de  la  question  des  sables  dits  eruptifs,  706. 
— C.  Velain.    Conipte-rendu  de  Texcm-sion  a  Cuise-la-Motte,  711. 
Paris.  Socicte  Greologiquede  France.  Bulletin.  Serie3.  Tomevii. 

(1879).  Nos.5-8.  1880. 
C.  Velain.  Sur  la  constitution  geologique  des  lies  Seychelles,  278. — 

A.  Falsan.  Sur  la  position  stratigraphique  des  terrains  tertiaires  superi- 
eurs  et  quaternaires  a  Hauterives  (Drome),  285. — A.  Locard.  Observa- 

tions paleontologiques  sur  les  couches  a  Ostrea  Falsani  dans  les  environs 
de  Hauterives  (Drome),  307. — A.  de  Lapparent.  Note  sur  l'ouvrage  de 
M.  Struclnnann  intitule  "  Le  Jura  superieur  des  environs  de  Hanovre/' 
315. — G.  Dollfus.  Les  depots  quaternaires  du  bassin  de  la  Seine,  318. — 
A.  de  Lapparent.  Sur  la  disposition  generale  des  reliefs  du  globe  ter- 
restre,  346.— N.  de  Mercey.  Rernarques  sur  la  classification  du  terrain 
cretace  superieur,  355. — Tournouer.  Sur  l'etude  du  bassin  de  Visan  par M.  Fontannes,  387. — C.  Velain.  Notes  geologiques  sur  la  Haute-Guy- 
ane,  d'apres  les  explorations  du  Dr.  Crevaux,  388. — V.  Lemoine.  Oi- seaux  fossiles  des  terrains  tertiaires  inferieurs  des  environs  de  Reims, 
398. — F.  Delafond.  Note  sur  1'existence  du  terrain  neocomien  aux  envi- 

rons de  Toumus  (Saone-et-Loire),  403. — E.  Hebert.  Sur  la  position  des 
sables  de  Sinceny,  408. — A.  Boue.  Sur  la  vallee  de  la  Soukava,  412. — 
C.  Velain.  He  de  Pagues,  415.— Delage.  Etude  du  calcaire  de  Lorman- 
diere,  426. — Meugy.  Observations  sur  une  note  de  M.  Barrois,  relative  au 
terrain  cretace  des  Ardennes,  445. — Lebesconte^  Sur  le  bassin  tertiaire 
des  environs  de  Rennes,  451. — Tournouer.  Etude  sur  les  fossiles  de 
l'etage  tongrien  (d'Orbigny)  des  environs  de  Rennes  en  Bretagne,  464. — 
E.  Benoit.  De  l'extension  geographique  et  stratigraphique  du  purbeckien 
dans  le  Jura^  484. — F.  Fontannes.  Note  sur  la  decouverte  de  deux 
especes  nouvelles  du  genre  Antedon  dans  les  terrains  tertiaires  superieurs 
du  bassin  du  Rhone,  497. — Tardy.  Le  dernier  diluvium  quaternaire, 
500. — Tardy.  Deuxieme  note  sur  le  chi-onometre  de  la  Saone,  514. — 
A.  Gaudry.  Allocution  presidentiel,  517. — E.  Jannettaz.  Notice  necro- 
logique  sur  M.  Gr.  Delafosse,  524. — L.  Lartet.  Vie  et  travaux  d' Alex- 

andre Leyrnerie,  530. — V.  Lemoine.  Note  sur  les  ossements  fossiles  des 
terrains  tertiaires  inferieurs  des  environs  de  Reims,  558. — Rey-Lescure. 
Carte  geologique  de  Tam-et-Garonne,  562. 

 .  .  .   .    Tome  viii.     Seance  Generale  An- 
nuelle  et  Celebration  du  Cinquantenaire  de  la  Societe.  1880. 

Penzance.  Royal  Geological  Society  of  Cornwall.  Transactions. 
Vol.  x.  Part  3.  1881. 

A.  P.  Vivian.  Presidential  Address,  lxxxvii. — W.  A.  E.  Ussher. 
Pleistocene  Notes  on  the  Cornish  Coast  between  Plymouth  and  Looe,  63. 
— W.  A.  E.  Ussher.  The  Devonian  Rocks  between  Plymouth  and  East 

Looe,  70. — W.  "W.  Smyth.  On  the  Occurrence  of  Feather  Ore  (Plumosite) 
in  Foxdale  Mine,  Isle  of  Man,  82. — O.  W.  Peach.  On  Fossils'  from  the 
Rocks  of  Cornwall,  some  of  them  new  to  the  list,  90. — J.  H.  Collins.  Note 
on  the  Occurrence  of  Stanniferous  Deer-horns  in  the  Tin-gravels  of  Corn- 

wall, 98. — J.  H.  Collins.  Note  on  the  supposed  Serpentine  of  the  Parish 
of  St.  Veep,  101. — R.  N.  Worth.  Notes  on  the  Geology  of  the  South-east 
Border  of  Cornwall,  103. 
Philadelphia.    Academy  of  Natural  Sciences.    Journal.    Series  2. 

Vol.  viii.    Part  4.  1881. 
W.  M.  Gabb.    Description  of  Caribbean  Miocene  Fossils,  337. — W.  M. 

Gabb.    Description  of  new  Species  of  Fossils  from  the  Pliocene  Clay  Beds x  2 
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between  Limon  and  Moen,  Costa  Rica,  together  with  Notes  on  previously- 
known  Species  from  there  and  elsewhere  in  the  Caribbean  Area,  349. 
Philadelphia.  Academy  of  Natural  Sciences.  Proceedings,  1880. 

Parts  1-3.  1880/ 
A.  Heilprin.  On  the  Stratigraphical  Evidence  afforded  by  the  Tertiary 

Fossils  of  the  Peninsula  of  Maryland,  20. — A.  W.  Vogdes.  Description 
of  a  New  Crustacean  from  the  Upper  Silurian  of  Georgia,  with  Remarks 
upon  Calymene  Clintoni,  176. — T.  D.  Rand.  Serpentine  Belts  of  Radnor 
Township,  Delaware  Co.,  225. — H.  C.  Lewis.  A  Garnet  with  inverted 
Crystallization,  241. — T.  D.  Rand.  Change  of  Serpentine  into  Quartz, 
241. — H.  C.  Lewis.  Magnetite  Markings  in  Muscovite,  242. — H.  C. 
Lewis.  The  Optical  Characters  of  some  Micas,  244. — H.  C.  Lewis.  On 
an  exfoliated  Talc,  252.— H.  C.  Lewis.  Tin  in  North  Carolina,  253.— 
H.  C.  Lewis.  On  Siderophyllite,  a  new  Mineral,  254. — H.  C.  Lewis. 
On  Sterlingite  and  Damourite,  256. — H.  C.  Lewis.  Vanadium  in  Phila- 

delphia Rocks,  256. — H.  0.  Lewis.  The  Surface  Geology  of  Philadelphia 
and  Vicinity,  258.— T.  D.  Rand.  On  Randite,  274.— T.  D.  Rand.  Some 
microscopic  Enclosures  in  Mica,  276. — H.  C.  Lewis.  On  the  Bryn-Mawr 
Gravel,  277. — H.  C.  Lewis.  On  some  Enclosures  in  Mica,  278. — H.  C. 
Lewis.  On  Dendrites,  278. — H.  C.  Lewis.  On  a  Jurassic  Sand,  279. — 
H.  C.  Lewis.  The  Minerals  of  Surry  Co.,  N.  C,  280.— T.  D.  Rand.  On 
a  peculiar  Stratification  in  Gneiss,  280. — H.  C.  Lewis.  A  new  Locality 
for  Lignite,  281. — H.  C.  Lewis.  On  Serpentine  in  Bucks  Co.,  281.— 
H.  C.  Lewis.  The  Iron  Ores  and  Lignite  of  the  Montgomery-Co.  Valley, 
282.— H.  C.  Lewis.  An  Enclosure  in  Quartz,  292.— W.  W.  Jefferis. 
Menaccanite  and  Talc  from  Maryland,  292. — W.  W.  Jefferis.  Sandstone 
in  Labradorite,  292. — A.  E.  Foote.  On  a  probable  Pseudomorphism  of 
Gummite  and  Uranotite  after  Uraninite,  292. — H.  C.  Lewis.  On  a  new  Fu- 
coidal  Plant  from  the  Trias,  293.— T.  D.  Rand.  The  northern  Belt  of  Ser- 

pentine in  Radnor  Township,  295. — H.  C.  Lewis.  The  Trenton  Gravel  and 
its  Relation  to  the  Antiquity  of  Man,  296. — H.  C.  Lewis.  Note  on  Phila- 
delphite,  a  new  Mineral,  310. — R.  Haines.  Analysis  of  Philadelphite, 
310. — F.  A.  Genth,  jun.  The  so-called  Emery-ore  from  Chelsea,  Bethel 
Township,  Delaware  Co.,  311. — H.  C.  Lewis. — On  Philadelphite,  313, — 
H.  C.  Lewis.  A  Potsdam-Sandstone  Outcrop  on  the  S.  Valley  Hill  of 
Chester  Valley,  329.— G.  A.  Konig.  Notes  on  Jarosite,  331. — J.  Leidy. 
Bone  Caves  of  Pennsylvania,  346. — A.  Heilprin.  On  some  new  Lower- 
Eocene  Mollusca  from  Clarke  Co.,  Alabama,  with  some  Points  as  to  the 
stratigraphical  Position  of  the  Beds  containing  them,  364. 
Philadelphia.  American  Philosophical  Society.  Proceedings.  Vol. 

xviiii.  Nos.  105  &  106.  1880. 

C.  A.  Ashburner.  On  the  Oil-sand  of  Bradford,  M'Kean  County,  419. 
--C.  E.  Hall.  Relations  of  the  Crystalline  Rocks  of  Pennsylvania  to  the 
Silurian  Limestones,  and  the  Hudson-River  Age  of  the  Hydromica  Schists, 435. 

Photographic  Society  of  Great  Britain.    Journal  and  Transactions. 
N.  S.    Vol.  iv.   No.  8.  1880. 

 .   .   .    Vol.  v.   Nos.  1-7.  1880-81. 

Physical  Society.    Proceedings.    Vol.  iii.  Part  4.  1880. 
 .   .    Vol.  iv.    Part  2.  1881. 

Pisa.    Societa  toscana  di  Scienze  Naturali.    Atti.   Processi  verbali. 

Vol.  ii.  pp.  89-232.  1880-81. 
S.  de  Bosniaski.    La  formazione  gessoso-solfifera  e  il  secondo  piano 
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mediterraneo  in  Italia,  90. — G.  Menegliini.  Nuovi  fossili  delle  Alpi 
apuane,  102. — M.  Canavari.  Di  alcuni  ammoniti  del  lias  medio  rac- 
colti  nelle  vicinanze  di  S.  Antonio  nel  gruppo  montano  di  Tivoli,  109. — 
D.  Pantanelli.  Radiolarie  nei  calcari,  111. — A.  Manzoni.  Ciottoli  im- 
prontati,  112. — C.  de  Stefani.  Carte  geologiche  delle  Calabrie  meridio- 
nali,  113. — C.  de  Stefani.  II  Tortoniano  dell'  alta  val  di  Tevere,  114. — C.  de  Stefani.  I  fossili  di  Dicomano  in  Toscana  e  della  Porretta  nel 
Bolognese,  115. — C.  de  Stefani.  Natura  dei  battrilli,  ]  16. — C.  de  Stefani. 
II  gault  e  la  creta  superiore  nell'  Apennino  settentrionale,  117. — C.  de 
Stefani.  Ordinamento  cronologico  dei  terreni  delle  Alpi  apuane,  118. — 
F.  Castelli.  Delfino  fossile,  131. — C.  de  Stefani.  II  miocene  di  Canipa- 
rola,  140. — 0.  de  Stefani.  Osservazioni  ad  alcune  pubblicazioni  geolo- 

giche del  R.  Comitato  geologico  italiano  sulle  Alpi  apuane,  141. — C. 
de  Stefani.  Pieglie  costituenti  le  Alpi  apuane,  156. — A.  D'Achiardi. 
Su  di  alcuni  ininerali  della  ininiera  del  Frigido  presso  Massa  nelle  Alpi 
apuane,  171. — D.  Zaccagna.  In  risposta  alle  osservazioni  del  De  Stefani 
sopra  alcune  pubblicazioni  geologiche  del  R.  Comitato  geologico  italiano 
sulle  Alpi  apuane,  179. — B.  Lotti.  In  risposta  alle  osservazioni  del  De 
Stefani  sopra  alcune  pubblicazioni  geologiche  del  R.  Comitato  geologico 
italiano  sulle  Alpi  apuane,  186. — G.  Meneghini.  Ammoniti  del  lias 
medio,  188. — C.  de  Stefani.  Di  nuovo  sui  lavori  del  Comitato  geologico 
nelle  Alpi  apuane,  189. — M.  Canavari.  Alcuni  nuovi  Brachiopodi  degli 
strati  a  Terebratula  aspasia  Mgh.  nell'  Appennino  centrale,  197. — D.  Pan- 

tanelli. Su  alcune  rocce  della  Montagnola  senese,  197. — G.  Meneghini. 
Nuovi  trilobiti  di  Sardegna,  199. — C.  de  Stefani.  Studi  microlitologici 
pel  paleozoico  e  pel  trias  delle  Alpi  apuane,  202. — C.  de  Stefani.  II 
macigno  di  Porretta  ed  i  terreni  corrispondenti,  206. — C.  de  Stefani. 
Origine  degli  strati  pontici  intorno  al  Mediterraneo,  209. — C.  de  Stefani. 
Sui  terreni  marini  dell'  epoca  postpliocenica,  212. — C.  de  Stefani.  Le 
pieghe  dell'  infralias  nelle  Alpi  apuane,  216. — S.  de  BosniasJri.  Una 
pianta  fossile  del  Verrucano  dei  monti  pisani,  219. — S.  de  Bosniaski.  Le 
argille  da  stoviglie  del  Camerinese,  221. — S.  de  Bosniaski.  L'eta  geolo- 
gica  dei  monti  della  Tolfa,  222. — Forsyth  Major.  Squalodon  quaternarium, 
227. — Forsyth  Major.  Studii  sugli  avanzi  pliocenici  del  genere  Sus  (Sus 
Strozzii  Menegh.),  227. 

Pisa.  Societa  toscana  di  Scienze  Naturali.  Atti.  Memorie.  Yol.  iv. 
fasc.  2.  1880. 

M.  Canavari.  Sui  fossili  del  lias  inferiore  nell'  Appennino  centrale, 141. — G.  Grattarola  e  F.  Sansoni.  Studii  chimici  sulla  heulandite  e  sulla 
stilbite  di  S.  Pietro  (Elba)  etc.,  173. — G.  Grattarola.  Beccarite,  varieta 
di  zircon  di  Ceylon,  177. — R.  Lawley.  Nuovi  denti  fossili  di  Notidanus 
rinvenuti  ad  Orciano  pisano,  196. — G.  Grattarola.  Orizite  e  pseudona- 
trolite,  due  nuove  specie  del  sott'ordine  delle  zeoliti,  226. — A.  D'Achiardi. 
Coralli  giurassici  dell'  Italia  settentrionale,  233. — F.  Sansoni.  Sulle 
zeoliti  dell'  isola  d'Elba,  311. — A.  Manzoni.  Echinodermi  fossili  plioce- 

nici, 327. — G.  Meneghini.  Fossili  oolitici  di  Monte  Pastello  nella  pro- 
vincia  di  Verona,  336. 

Plymouth.  Devonshire  Association  for  the  Advancement  of  Science, 
Literature,  and  Art.  Report  and  Transactions.  Yol.  xii. 
1880. 

W.  A.  E.  Ussher.  Physical  Features  of  Devonshire,  251. — A.  R. 
Hunt.  Notes  on  the  Submarine  Geology  of  the  English  Channel  off  the 
Coast  of  South  Devon,  291. — W.  Pengelly.  Notes  on  Boulders  and 
Scratched  Stones  in  South  Devon,  304. — N.  Worth.  Recent  Geological 
Discoveries  in  the  Neighbourhood  of  Plymouth,  361. — W.  Downes 
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Blackdown,  420. — W.  Pengelly.  Notes  on  recent  Notices  of  the  Geology 
and  Palaeontology  of  Devonshire,  591. 

Plymouth  Institution  and  Devon  and  Cornwall  Natural-History 
Society.  Annual  Report  and  Transactions.  Vol.  vii.  Part  2. 
1880. 

W.  Sharman.  Darwinism,  213.— P.  J.  Webb.  Natural  History  of 
Coal,  293. — F.  Brent.    The  Stone  Implements,  295. 
Popular  Science  Review.  New  Series.  Yol.  iv.  Nos.  15  &  16. 

1880.  Purchased. 

P.  H.  Carpenter.  Feather-Stars,  recent  and  fossil,  193. — J.  F.  Blake. 
The  Portland  Building  Stone,  205. — M.  F.  de  Castro.  On  the  Influence 
which  a  molecular  Movement,  due  to  Electricity,  may  have  exerted  in 
certain  Geological  Phenomena,  namely  the  Metamorphism  of  Rocks  and 
the  Formation  of  Metalliferous  Deposits,  230.— P.  M.  Duncan.  On  the 
Opinions  of  Voltaire  and  Laplace  regarding  Geology,  310. — J.  Milne.  A 
large  Crater,  336. 

 .   .    Vol.  v.  Nos.  17  &  18.    1881.  Purchased. 
J.  S.  Gardner.    The  Permanence  of  Continents,  117. 

Quekett  Microscopical  Club.    Journal.    Nos.  44-46.  1880-81. 
Ray  Society.  A  Monograph  of  the  Free  and  Semiparasitic  Copepoda 

of  the  British  Islands.  By  G.  S.  Brady.  Vol.  iii.  8vo. 
1880. 

 .    Monograph  of  the  British  Aphides.    Vol.  iii.    By  G.  B. 
Buckton.    8vo.  1881. 

Rio  de  Janeiro.  MuseuNacional.  Archivos.  Vol.  iii.  Trimestres 
3  e  4,  1878. 

O.  A.  Derby.  A  geologia  da  regiao  diamantifera  da  Provincia  do 
Parana  no  Brasil,  89. — O.  A.  Derby.  A  bacia  cretacea  da  bahiade  Todos 
os  Santos,  135. — R.  Rathbun.  Observacoes  sobre  a  geologia  aspecto  da 
Ilha  de  Itaparica,  na  bahia  de  Todos  os  Santos,  159. 
Rome.  Reale  Accademia  dei  Lincei.  Atti.  Serie  3.  Transunti. 

Vol.  iv.  Fasc.  7.  1880. 
Capellini  e  Meneghini.  Sopra  la  memoria  del  Dott.  D.  Pantanelli,  in- 

titolata :  I  diaspri  della  Toscana  e  i  loro  fossili,  198.- — Capellini  e  Meneghini. 
Sulla  memoria  del  Dott.  M.  Canavari,  dal  titolo :  I  Brachiopodi  degli 
strati  a  Terebratula  Aspasia,  Mgh.  nell'  Appennino  centrale,  199. — Tara- melli  e  Meneghini.  Sulla  memoria  del  Dott.  C.  F.  Parona,  intitolata :  II 
calcare  di  liasico  di  Gozzano,  e  i  suoi  fossili.  201. — Cornalia  e  Capellini. 
Sulla  nota  del  Dott.  A.  Incoronato  avente  per  titolo  : .  Sopra  uno  scheletro 
umano  dell'  epoca  della  pietra  della  provincia  di  Roma,  201. — Ponzi.  Sui 
lavori  del  Tevere  e  sulle  variate  condizioni  del  suolo  romano,  203. — G. 
Terrenzi.  II  has  superiore  nel  versante  orientale  della  catena  montuosa 
Narnese,  209. — Struever.  Sulla  Perowskite  di  Val  Malenco,  210. — A. 
Piccini.  Analisi  di  un'  augite  del  Lazio,  224. — F.  Mauro.  Ricerche 
chimiche  sulle  lave  di  Montecompatri,  del  Tusculo,  di  Villa  Laneellotti  e 
di  Monte  Pila,  226. — Cossa.  Sulla  difFusione  dei  metalli  della  Cerite, 
232. — Cossa.  Sul  tungstato  di  didimio,  233. — Cossa.  Sopra  un  granato 
verde  di  Val  Malenco,  234. 

 .   .   .   .  .    Vol.  v.  Fasc.  1-12.  1881. 
R.  Meli,  Sulla  natura  geologica  dei  terreni  incontrati  nelle  fondazioni 

tubulari  del  nuovo  ponte  in  ferro  costruito  sul  Tevere  a  Ripetta,  e  sull' 
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Unio  sinuatus,  Lanik.  rinvenutovi,  21. — Cornalia.  Due  piccoli  imenotteri 
fossili  dell'  ambra  siciliana,  80. — A.  Oossa.  Sulla  stilbite  del  ghiacciaio 
del  Miag-e  (Monte  Bianco),  86. — A.  Cossa.  Sulla  Ollenite.  roccia  anfibo- 
lica  del  monte  Ollen,  88. — Meneghini  e  Capellini.  Sulla  Memoria  del 
Prof.  Seguenza  "  Lo  stretto  de  Messina,"  113. — Capellini.  Resti  di  Tapiro 
nella  lignite  di  Sarzanello,  131. — Ponzi.  Sui  tufi  vulcanici  della  Tuscia 
romana,  a  fine  di  togliere  qualunque  discordanza  di  opinione  eniessa  sulla 
loro  origine,  difTusione,  ed  eta,  132. — Pigorini,  Oossa  e  Capellini.  Sulla 
memoria  del  Dott.  D.  Lovisato  "  Cenni  critici  sulla  preistoria  calabrese," 195. 

Royal  Agricultural  Society  of  England.    Journal.    Second  Series. 
Vol.  xvi.  Part  2.  No.  32.  1880. 

 .   .   .    Vol.  xvii.  Part  1.  1881. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland.    Journal.    N.  S. 
Vol.  xii.  Parts  3  &  4.  1880. 

 .   .   .    Vol.  xiii.  Parts  1  &  2.  1881. 

Royal  Astronomical  Society.   Memoirs.   Vol.  xlv.   1879-80.  1880. 
Royal  Geographical  Society.    Journal.    Vol.  xlix.  (1879).  1880. 

R.  F.  Burton.  Itineraries  of  the  Second  Khedivial  Expedition :  Me- 
moir explaining  the  new  Map  of  Midian  made  by  the  Egyptian  Staff- 

officers,  1. — R.  F.  Burton.  A  Visit  to  Lissa  and  Pelagosa,  151. — R.  C. 
Temple.  An  Account  of  the  Country  traversed  by  the  Second  Column 
of  the  Tal-Cho'tia'li  Field  Force  in  the  Spring  of  1879,  190.— G.  Rol- 
leston.  The  Modifications  of  the  external  Aspects  of  Organic  Nature 
produced  by  Man's  Interference,  320. 

 .    Proceedings.    Vol.  ii.  Nos.  7-12.  1883. 
 .   .    N.  S.    Vol.  iii.  Nos.  1-6.  1881. 

W.  M.  Crocker.  Notes  on  Sarawak  and  Northern  Borneo,  193. — J. 
Stewart.  Lake  Nyassa  and  the  Water  Route  to  the  Lake  Region  of 
Africa,  257. 

Royal  Institution  of  Great  Britain.  Proceedings.   Vol.  ix.  Part  3. 
No.  72.  1880. 

W.  B.  Carpenter.    Sea  and  Land  in  relation  to  Geological  Time,  268. 

Royal  Microscopical  Society.    Journal.   Vol.  iii.  Nos.  4-6a.  1880. 
H.  Stolterfoth.  On  the  Diatomaceae  in  the  Llyn  Arenig  Bach  Deposit, 

913. 

 .   .    Second  Series.    Vol.  i.    Parts  1-3.  1881. 
W.  H.  Shrubsole  and  F.  Kitton.  The  Diatoms  of  the  London  Clay, 

381. 

Royal  Society.    Philosophical  Transactions.    Vol.  clxxi.  Parts  1-3. 
1880-81. 

W.  C.  Williamson.  On  the  Organization  of  the  fossil  Plants  of  the 
Coal-measures,  Part  X.,  including  an  Examination  of  the  supposed  Ra- 
diolarians  of  the  Carboniferous  Rocks,  493. — G.  H.  Darwin.  On  the 
Secular  Changes  in  the  Elements  of  the  Orbit  of  a  Satellite  revolving 
about  a  tid ally-distorted  Planet,  713. — R.  Owen.  Description  of  some 
Remains  of  the  gigantic  Land-lizard  {Megalania  prisca,  Owen"»  from Australia,  Part  II.,  1037. 

Vol.  clxxii.  Part  1.  1881. 
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Royal  Society.    Proceedings.    Vol.  xxx.  No.  205.  1880. 
W.  C.  Williamson.  On  the  Organisation  of  the  fossil  Plants  of  the 

Coal-measures,  Part  XI.,  550. — O.  Heer.  On  the  Miocene  Plants  disco- 
vered on  the  Mackenzie  River,  560. 
 .   .    Yol.  xxxi.  Nos.  206-212.  1880-81. 

O.  Schroter.  Note  on  the  Microscopic  Examination  of  some  fossil 
Wood  from  the  Mackenzie  River,  147. — J.  W.  Hulke.  Polacantlius  Foxii, 
a  large  undescribed  Dinosaur  from  the  Wealden  Formation  in  the  Isle  of 
Wight,  336. — R.  Owen.  Description  of  some  Remains  of  the  Gigantic 
Land-lizard  (Megalania  prisca,  Owen)  from  Australia,  380. — W.  B.  Pauli. 
Notes  on  the  Earthquakes  of  July  1880  at  Manila,  460. — S.  Haughton. 
Notes  on  Physical  Geology,  No.  7.  On  the  Secular  Inequalities  in  Ter- 

restrial Climates  depending  on  the  Perihelion,  Longitude,  and  Eccentricity 
of  the  Earth's  Orbit,  473. 
Rugby-School  Natural-History  Society.    Report  for  the  year  1880. 

1881. 
E.  H.  Acton.  Subdivisions  of  the  Carboniferous  Limestone  in  Den- 

bighshire, North  Wales,  4. — A.  Percy  Smith.  Holyhead,  20. — Seabroke. 
The  '  Model '  (of  the  neighbourhood),  24. — H.  Y.  Oldham.  On  some 
Sections  lately  exposed  near  Rugby,  39. — T.  K.  Worthington.  Report  of 
the  Geological  Section,  48. 
St.  Petersburg.      Acadeniie  Imperiale  des  Sciences.  Bulletin. 

Tome  xxvi.  Nos.  2  &  3.  1880. 
F.  A.  Forel.  Les  echantillons  de  limon  dragues  en  1879  dans  les  lac 

d'Armenie,  571. 
 .   .   .    Tome  xxvii.  Nos.  1  &  2.  1881. 

N.  v.  Kokscharow.    Beryll-Krystalle  eines  neuen  Fundortes,  35. 
 .   .    Memoires.    Tome  xxvii.  Nos.  2-14.  1879-80. 

J.  Schmalhausen.  Beitrage  zur  Jura-Flora  Russlands,  No.  4. — V.  v. 
Mciller.  Die  Foraminiferen  des  russischen  Kohlenkalks,  No.  5. — L.  v. 
Schrenck.  Der  erste  Fund  einer  Leiche  von  Rhinoceros  Merckii,  Jag.,  No. 
7. — O.  Heer.    Nachtr'age  zur  Jura-Flora  Sibiriens,  No.  10. 

 .   .  .    Tome  xxviii.  Nos.  1  &  2.  1880. 

Sanitary  Institute  of  Great  Britain.    Transactions.    Yol.  i.  1880. 
G.  F.  Symons.  Address  to  Section  3,  173. — A.  Haviland.  Geology 

in  relation  to  Sanitary  Science,  190. — J.  Lucas.  On  the  Quantitative 
Elements  in  Hydrogeology,  195. — W.  B.  Kinsey.  Particulars  of  an  Ar- 

tesian Well  at  Thames  Haven,  Essex,  203. — W.  F.  Stanley.  Conditions 
of  the  Water  Supply  of  Croydon  in  relation  to  its  Rainfall  and  Geology, 
with  Suggestions  for  its  Sanitary  and  profitable  Improvement,  223. 

Scientific  Roll  and  Magazine  of  Systematized  Notes.    Nos.  1-3. 
1880-81. 

Shanghai.    North- China  Branch  of  the  Royal   Asiatic  Society. 
Journal.    Yol.  i.  No.  3.  1859. 

 .  ,   .    Yol.  ii.  No.  1.  1860. 
W.  H.  Shock.    Notes  on  the  Mineral  Resources  of  Japan,  92. 
 .   .   .    N.  S.    No.  9.  1875. 
 -.   .  .  .    No.  12.  1878. 
 .   .   .   .    No.  13.  1879. 
 .   .  .    — .    No.  14.  1879. 



ADDITIONS  TO  THE  LIBEAKY. 

28l 

Sherborne.    Dorset  Natural-History  and  Antiquarian  Field  Club. 
Proceedings.    Vol.  iii.  1879. 

J.  C.  Mansel-Pleydell.    Anniversary  Address  of  the  President,  1. — A. 
U.  Kent,    The  finding  Terebratula  Moricrei  at  Bradford  Abbas,  39. — J. 
F.  Walker.    The  Occurrence  of  Terebratula  Morierei  in  England,  42. — J. 
C.  Mansel-Pleydell.    On  the  Dorset  Trigonice,  111. — J.  Buckrnan.  On 

•  a  Series  of  Sinistral  Gasteropods,  185. — J.  Buckrnan.    On  the  Belemno- 
teuthis  Monte fiorei,  141. 

Society  of  Arts.    Journal.    Vol.  xxviii.  Nos.  1440-1460.  1880. 
C.  G.  W.  Lock.    Pandermite  :  a  new  Boracic  Mineral,  767. 
 .   .    Vol.  xxix.  JSTos.  1461-1491.  1880-81. 

B.  Latham.  Croydon  Bourne  Flow,  84. — Hyde  Clarke.  Gold  in  India, 
244. — Gold-mining  in  Japan,  286. — E.  Whymper.  Ascent  of  Chimborazo 
and  Cotopaxi,  353. — James  Tennant,  366. — Marble  Quarries  of  Algeria, 450. 

Society  of  Biblical  Archaeology.    Transactions.    Vol.  vii.  Part  1. 
1880. 

Society  of  Medical  Officers  of  Health.    Annual  Eeport  1878-79. 
1879.    Presented  by  W.  Whitaker,  Esq.,  F.GM. 

 .    Transactions.    Session  1880-81.    1880.    Presented  by  W. 
Whitaker,  Esq.,  F.  G.S. 

Stuttgart.    Neues  Jahrbuch  fiir  Mineralogie,  Geologie  und  Palaon- 
tologie.    1879,  Hefte  8  and  9.  1879. 

A.  Losch.  Ueber  Kalkeisengranat  (Demantoid)  von  Syssertsk  am 
Ural,  785.— F.  M.  StapfT.  Zur  Mechanik  der  Schichtenfaltungen,  792.— 
L.  van  Werveke.  Beitrag  zur  Kenntniss  der  Gesteine  der  Insel  Palma, 
815. — F.  Wohler.  Bemerkungen  iiber  das  gronlandische  Gediegen-Eisen, 832.  S.  M.  Babcock.  Ueber  den  Colestin  aus  dem  Muschelkalke  von 
Juhnde  bei  Gottingen,  835. — P.  Herter.  Ueber  die  Silicatgesteine  im 
Eocangebirge  von  Massa  maritima,  839. — C.  A.  Tenne.  Ueber  Epistilbit, 
840. — O.  Schmidt.  Bemerkungen  zu  "  Osc.  Schmidt,  Die  Spongien  des 
Meerbusens  von  Mexico,"  841. — A.  Arzruni.  Cerithium  corallense  (Bu- 
vignier)  von  Salatau,  842. — U.  Stulz.  Geologische  Notizen  aus  den  Alpen. 
CJeber  das  Erstfelder  Thai,  842. — K.  Martin.  Ueber  das  Tertiar  von  Java, 
850. — R.  Richter.  Diluvium  bei  Saalfeld,  850. — G.  Berendt.  Riesen- 
kessel  auf  dem  Riidersdorf  er  Muschelkalk  bei  Berlin,  351. — C.  Struckmaun. 
Soiverbya Dukei in  hannover'schen  P;feroc<?r«s-Schichten,853. — H.  Fischer. 
Ueber  die  Bezeichnung  von  Farbenabstufungen  bei  Mineralien,  854. — T. 
Fuchs.  Ueber  Solfataren  in  Serpentinstocken  bei  Kalamaki,  857. — E. 
Cohen.  Kersantit  von  Laveline,  858. — C.  W.  Giimbel.  Vulkanische 
Asche  des  Aetna  von  1879,  859. — E.  Cohen.  Ueber  einen  Eklogit, 
welcher  als  Einschluss  in  den  Diamantgruben  von  Jagert-fontein,  Orange 
Freistaat,  Siid-Afrika  vorkommt,  864. 

 .   .    1880,  Bandi.  1880. 
E.  Kalkowsky.  Ueber  die  Erforschung  der  archaischen  Formationem, 

1. — E.  Kalkowsky.  Ueber  Gneiss  und  Granit  des  bojischen  Gneisstock- 
werkes  im  Oberpfalzer  Waldgebirge,  29. — C.  A.  Tenne.  Ueber  den  Epi- 

stilbit, 43. — F.  Klocke.  Ueber  Doppelbrechung  regularer  Crystalle, 
52. — F.  Zirkel.  Ueber  den  Zirkon  als  mikroskopischer  Gesteins- 
gemengtheil,  80. — E.  Dathe.  GletscherschlifFe  bei  Lommatzsch  in 
Sachsen,  92. — A.  Saner.  Titanminerahen  in  Amphiboliten,  94. — von 
Konen.  Tertiar  zwischen  Guntershausen  und  Marburg,  95. — E.  Cohen. 
Mandelstein  aus  den  Maluti-Bergen,  96. — A.  TnostranzefF.    Ein  neues 
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ausserstes  Glied  in  der  Reihe  der  amorplien  Kohlenstoffe,  97. — C.  Struck- 
mann.  Vorlaufige  Nachrickt  iiber  das  Vorkornmen  grosser  vogelahnlicher 
Thierfahrten  (Ornithoidichnites)  im  Hastingssandsteine  von  Bad  Rehburg 
bei  Hannover,  125. — G.  Seligmann.  Krystallographische  Notizen  I.,  129. 
A.  Weisbach.  Zur  Kenntniss  des  Leucits,  143- — G.  Steinmann.  Die  Mu- 
mien  des  Hauptrogensteins,  151. — C.  Klein.  Ueber  Goldstufen  von 
Vorospatak,  155. — A.  Cossa.  Rutil  in  Gastaldit-Eklogit  von  Val  Tour- 
nanche,  162. — A.  Kenngott.  Ueber  Topas,  Pyrrhotin  mid  Pseudobrookit, 
164. — E.  Kayser.  Ueber  Barrande's  Bracliiopodenwerk,  166. — A.  Picliler. 
Beitrage  znr  Geognosie  Tirols,  172. — H.  Fischer.  Ueber  Jadeit,  174. — F. 
Sckalch.  Die  Gliederung  der  Liasformation  des  Donau-Rheinzugs,  177. — 
Des  Cloiseaux.  Ueber  Pyrenaen-Mineralien,  267. — T.  Wolf.  Geoloi/ische 
Arbeiten  im  Staate  Ecuador,  268. — 0.  Fraas.  Glaciales,  268. — Val.  von 
Moller.  Schadel  von  Elasmotherium  Fischeri,  Desm.,  273.— G.  vom  Ratb. 
Contactverhaltnisse  zwischen  Kohle  und  einem  basischen  Eruptivgestein 
bei  Fiinfkirclien,  274. — A.  Kenngott.  Ueber  Barytplagioklas,  278. — A. 
Sauer.  Rutil  als  mikroskopiscber  Gesteinsgemengtheil,  279. —  C.  Klein. 
Er widening,  281. — A.  Kocb.  Ueber  das  Tertiar  in  Siebenbiirgen,  283. — 
C.  A.  Tenne.  Ueber  ein  neues  Vorkornmen  von  Epistilbit,  285. — C. 
Klein.  Berichtigung,  286. — E.  Hussak.  Eruptivgesteine  von  Schemnitz, 
Augitandesit  von  St.  Egidi,  287. 

Stuttgart.  Neues  Jabrbuch  fiir  Mineralogie,  Geologie  und  Palaon- 
tologie.  1880,  Band  ii.  Hefte  1-3.  1880. 

C.  E.  Weiss.  Die  Krystallisationsgesetze  seit  C.  S.  Weiss,  insbesondere 
die  Lebre  von  den  Hemiedrieen,  erlautert  am  Diamant,  1. — E.  Coben. 
Ueber  Laven  von  Hawaii  und  einigen  anderen  Inseln  des  grossen  Oceans 
nebst  einigen  Bemerkungen  iiber  glasige  Gesteine  im  Allgemeinen,  23. — 
M.  Bauer.  Beitrage  zur  Mineralogie.  I.  Reihe,  63. — A.  Streng.  Ueber 
die  Einscbliisse  von  Pflanzenresten  in  dem  Eisensteinslager  am  Diinst- 
berge  bei  Giessen,  83. — H.  P.  Goppert.  Ueber  die  versteinerten  Holzer 
des  KyfFhauser,  89. — A.  Nehring.  Ueber  Fossilreste  von  Lemmingen, 
93. — Herbich.  Geologiscbes  aus  Bosnien  und  der  Hercegowina,  94. — 
H.  H.  Reusch.  Die  Alaunschieferscholle  von  Bakkelaget  bei  Christiania, 
96. — F.  Klocke.  Ueber  ein  optisch  anomales  Verbalten  des  unterschwe- 
felsauren  Blei,  97. — O.  Lang.  Giebt  es  Gletscberspuren  im  Harz  ?,  99. — 
A.  Stelzner.  Bemerkungen  iiber  krystalliniscbe  Scbiefergesteine  aus 
Lappland  und  iiber  einen  Augit-fiihrenden  Gneiss  aus  Schweden,  102. — 
A.  Streng.  Erklarung,  107. — A.  Weisbach.  Minefalogische  Notizen  I., 
109. — F.  Romer.  Notiz  iiber  Belemnites  ambiguus,  Morton,  aus  der 
Kreide  von  New  Jersey,  115. — A.  Nehring.  Ein  Spermophilus-Skelet 
aus  dem  Diluvium  des  Galgenberges  bei  Jena,  118. — G.  Steinmann.  Zur 
Kenntniss  fossiler  Kaikalgen  (Siphoneen),  130. — L.  van  Werveke.  Ueber 
den  Nephelin-Syenit  der  Serra  de  Monchique  im  siidlichen  Portugal  und 
die  denselben  durchsetzenden  Gesteine,  141. — W.  O.  Brogger.  Ueber 
Olivinfels  von  Sondmore,  187. — G.  H.  F.  Ulrich.  Mineralogisches  aus 
Neu-Seeland,  192. — A.  Baltzer.  Ueber  Bergstiirze,  197. — F.  Sandberger. 
Sycidien  aus  dem  Devon  am  Sjass,  199. — 0.  Liidecke.  Ueber  Skolezit, 
Mesolith  und  Reissit,  200. — H.  Fischer.  Sprachliches  zu  Mineralogie 
und  Geologie,  203. — V.  Goldschmidt.  Unterscheidung  von  Arsenkies 
und  Arsenikalkies  vor  dem  Lothrohr,  205. — H.  Rosenbusch.  Glimmer- 
trachyt  von  Montecatini  in  Toscana,,  206. — 0.  Klein.  Mineralogische 
Mittheilungen  VII.  18.  Ueber  den  Boracit,  209. — L.  van  Werveke.  Mine- 
ralogisch-petrographische  Mittheilungen,  264. — W.  Giimbel.  Aus  den 
Alpen,  286. — F.  Sandberger.  Ueber  Nakrit  von  Siebenlehn ;  Pseudomor- 
phosen  von  Gilbertit  nach  Zinnwaldit ;  Rotheisen  nach  Manganit ;  Stib- 
lith  nach  Antimonit ;  Ehlit  von  Moldawa,  288. — 0.  Lang.    Die  Alaun- 
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schieferscholle  von  Bakkelaget,  290.— A.  Pichler.  Aus  Tirol,  292.— 0. 
Miigge.  Glimmerporphyrit  vom  Steinacher  Joch,  293. — A.  Koch.  Ueber 
siebenbiirgisches  Tertiar,  294. — A.  Wichmann.  Turmalin  als  authigener 
Geniengtheil  von  Sanden,  294. — A.  Nehring.  Neue  Notizen  fiber  fossile 
Lemminge.    Ein  Losslager  bei  Mariaspring  unweit  Gbttingen,  297. 

Stuttgart.    Neues  Jahrbuch  fiir  Mineralogie,  Geologie  und  Palaon- 
tologie.    1881,  Band  i.   Heft  1.  1881. 

G.  Werner.  Mineralogische  Mittheilungen,  1. — F.  Klocke.  Ueber  die 
optiscbe  Structur  des  Gletschereises,  23. — G.  Steinmann.  Die  Forami- 
niferengattung  Nummoloculina,  n.  g.,  31. — H.  von  Ihering.  Die  Aptychen 
als  Beweismittel  fiir  die  Dibranchiaten-Natur  der  Ammoniten,  44. — E. 
Coben.  Sammlung  von  Mikropbotograpbien  zur  Veranscbaulichung  der 
mikroskopiscben  Structur  von  Mineralien  und  Gesteinen,  93. — P.  Merian. 
Zur  Gattung  Graphularia,  M.-Edw.  &  Haiine,  96. — R.  D.  M.  Verbeek. 
Zur  Geologie  von  Sumatra  und  Java,  96. — F.  Berwertb.  Kommt  Nepbrit 
in  den  Alpen  vor  ?,  99. 

 .   .    Beilage-Band  i.  Heft  1.  1880. 
F.  Maurer.  Palaontologiscbe  Studien  im  Gebiet  des  rbeiniscben  Devon. 

4.  Der  Kalk  bei  Greifenstein,  1. — H.  Fischer.  Ueber  die  mineralogiscbe 
Bestimmung  arcbaologiscber  Steinobjecte,  113. — A.  Koch.  Petrogra- 
pbiscbe  und  tektoniscbe  Verhaltnisse  des  Syenitstockes  von  Ditro  in 
Ostsiebenbiirgen,  152. 

 .    Yerein   fiir  vaterlandische   Naturkunde  in  Wiirttemberg. 
Jahreshefte.  Jahrgang  26.  1880. 

C.  Dorn.  Anwendung  der  gelegentlicb  der  Tiibinger  Wasserversor- 
gung  gewonnenen  Erfabrungen  fur  die  Wasserversorgung  von  Stuttgart, 
53. — O.  Fraas.  Langenprofil  der  neuen  Babnlinie  Stuttgart-Freudenstadt, 
61. — 0.  Habn.  Ueber  das  Eopkyllum  canadense  aus  dem  Serpentinkalk 
des  Laurentian-Gneisses  von  Canada,  71. — Leuze.  Ueber  die  Kalk- 
spatbe  im  Basalttuff  des  Owener  Boller;  74. 

Swansea.      South- Wales  Institute  of  Engineers.  Proceedings. 
Vol.  xii.  Nos.  1-4.  1880. 

H.  Cossham.  Some  of  the  geological  Problems  in  the  Bristol  Coalfield, 
84. — T.  Joseph.  Observations  on  the  Clayband-Ironstone,  or  "Mine,"  of 
the  Northern  Outcrop  of  the  South-Wales  Coal-field,  255. 
Sydney.     Linnean  Society  of  New  South  Wales.  Proceedings. 

Vol.  iv.  Part  4.  1880. 

C.  Jenkins.    On  the  Geology  of  Yass  Plains,  404. — C.  S.  Wilkinson. 
Notes  on  the  Abercrombie  Caves,  460. 

 .   .   .    Yol.v.    Part  2.  1880. 
J.  E.  Tenison-Wood.  On  a  Fossiliferous  Bed  at  the  Mouth  of  the 

Endeavour  River,  187. 

 .     Royal  Society  of  New  South  WTales.    Journal.    Vol.  xiii. 1879.  1880. 
J.  Hector.  On  the  Geological  Formations  of  New  Zealand  compared 

with  those  of  Australia,  65. — C.  S.  Wilkinson.  Notes  on  the  Occurrence 
of  remarkable  Boulders  in  the  Hawkesbury  Rocks,  105. 

Taunton.    Somersetshire  Archaeological  and  Natural-History  Society. 
Proceedings.    Vol.  xix.    (1873).    1874.    Presented  by  H.  B. 
Woodward,  Esq.,  F.G.S. 

H.  B.  Woodward.    Notes  on  the  Geology  of  the  Neighbourhood  of 
Wells,  Somerset,  50. 
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Tokio.  University  of.   Memoirs  of  the  Science  Department.  Vol.  i. 
Part  1.    2539  [1879]. 

E.  S.  Morse.    Shell-mounds  of  Omori,  1. 

 .   .   .    Vol.  ii.    2539  [1879]. 
C.  Netto.    Mining  and  Mines  in  Japan,  1. 

 .   .    The  Calendar  of  the  Departments  of  Law,  Science, 
and  Literature.    2539-40  [1879-80]. 

Tromso  Museums  Aarshefter.    Heft  iii.  1880. 

Karl  Pettersen.  Terrasser  og  gamle  strandlmjer,  1. — R.  Collett. 
Glaciale  Mergelboller  rned  indesluttede  Fiskelevninger  fra  Bejeren  i 
Salten,  96. 

Turin.    Osservatorio  della  Regia  Universita.  Bollettino.  Anno  xiv. 
(1879).  1880. 

 .   .   .    Anno  xv.  (1880).  1881. 

 .    Reale  Accademia  delle  Scienze.   Atti.  Yol.  xv.   Disp.  1-8. 
1879-80. 

A.  Cossa.  Sui  cristalli  niicroscopici  di  rutilo  contenuti  in  una  eclogite 
di  Val  Tournancke,  21. — A.  Portis.  Intorno  ad  alcune  impronte  eoceniche 
di  vertehrati  recentemente  scoperte  in  Pienionte,  221. — G.  Berruti  e  L. 
Bellardi.  Relazione  sopra  una  memoria  del  Professore  Martino  Baretti, 
intilolata:  II  ghiacciaio  del  Miage,  299. — M.  Baretti.  Sui  resti  fossili 
di  Rinoceronte  nel  territorio  di  Dusino,  circondario  d'Asti,  provincia 
d' Alessandria,  678,  731. — G.  Spezia.  Nota  sui  calcare  albitifero  dell' Ar- 
gentera  (Cuneo),  785. 

 .   .   .   Vol.  xvi.    Disp.  1-5.  1881. 
A.  Cossa.  Nota  su  alcune  roccie  sepentinose  del  Gottardo,  71. — G. 

Berruti  e  M.  Lessona.  Relazione  sulla  memoria  presentata  dal  Dottore 
Alessandro  Portis  col  titolo :  Sui  terreni  stratificati  di  Argentera  (Valle 
di  Stura),  199. — A.  Cossa.  Nota  sopra  alcune  roccie  serpentinose 
dell'  Appennino  bobhiese,  296. — A.  Cossa  e  E.  Mattirolo.  Sopra  alcune 
roccie  del  periodo  silurico  nel  territorio  d'Iglesias,  Sardegna,  385. — 
G.  Piolti.  Nota  sopra  alcune  pietre  a  scodelle  dell'  Anfiteatro  morenico 
di  Rivoli,  Piemonte,  403. 

University  College.    Calendar  (Session  1880-81).  1880. 
Victoria  Institute.    Journal  of  the  Transactions.    Vol.  xiv.  Nos. 

54-56.  1880-81. 
T.  McK.  Hughes.    On  the  Evidence  of  the  later  Movements  of  Eleva- 

tion and  Depression  in  the  British  Isles,  248. 

 .   .  Vol.  xv.   No.  57.  1881. 

Vienna.    Archiv  fiir  practische  Geologic    Band  i.  1880. 
F.  Posepny.  Die  Goldbergbaue  der  Hohen  Tauern  mit  besonderer 

Beriicksichtigung  des  Rauriser  Goldberges,  1. — F.  Posepny.  Die  Erzla- 
gerstatten  von  Kitzbiihel  in  Tirol  und  der  angrenzenden  Theile  Salzburgs, 
257. — F.  Posepny.  Die  Erzlagerstatten  am  Pfundererberge  bei  Klausen 
in  Tirol,  441.— H.  Hofer.  Die  Edelmetall-Production  Kiirntens,  490.— 
F.  Posepny.  Ueber  den  alten  Bergbau  in  Tirol,  520. — F.  Posepny.  Geo- 
logie  und  Bergbau  in  ihren  gegenseitigen  Beziehungen,  531. 
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Vienna.  Beitriige  znr  Falaontologie  von  Oseterreich-Ungarn  und  den 
angrenzenden  Gebieten.  Band  i.  Hefte  1  &  2.  1880-81. 
Purchased. 

H.  Zugmayer.  Untersuchungen  iiber  rhatische  Bracbiopoden,  1. — A. 
Bittner.  Beitrage  zur  Kenntniss  alttertiarer  Ecliinidenfaunen  der  Siid- 
alpen,  43,  73. — V.  Uhlig.  Die  Jurabildungen  in  cler  Unigebung  von 
Briinn,  111. 

 .    Kaiserlicbe  Akademie  der  Wissenschaften.  Anzeiger.  1880, 
Nos.  11-16.  1880. 

F.  Toula.    Geologiscbe  Untersucbung  des  westlicben  Balkan,  86.— 
J.  Woldricb.    Diluvialfauna  von  Zuzlawitz  bei  Winterberg  im  Bohmer- 
walde,  89. 

 .  .  .    1880,  Nos.  20-28.  1880. 
J.  C.  Labbart.  Ueber  die  im  Monate  Juli  d.  J.  [in  Manila]  stattge- 

funden  Erdbeben,  193. 

 .   .  .    1881,  Nos.  7-13.  1881. 
F.  Toula.  Grundlinien  der  Geologie  des  westlicben  Balkan,  62. — A. 

Brezina.    Ueber  die  Meteoreisen  von  Bolson  de  Mapimi,  103. 
 .   .    Denkscbriften.    Band  xl.  1880. 

A.  Bittner.  Der  geologiscbe  Ban  von  Attika,  Bootien,  Lokris,  und 
Parnassis,  1. — M.  Neumayr.  Der  geologiscbe  Bau  des  westlicben  Mittel- 
Griecbenland,  91. — Fr.  Teller.  Der  geologiscbe  Bau  der  Insel  Euboa, 
129. — Fr.  Teller.  Geologiscbe  Bescbreibung  der  siidostlicben  Tbessalien, 
183. — M.  Neumayr.  Ueber  den  geologiscben  Bau  der  Insel  Kos  und 
iiber  die  Gliederung  der  j  ungtertiaren  Binnenablagerungen  des  Arcbipels, 
213. — M.  Neumayr.  Geologiscbe  Beobacbtungen  im  Gebiete  des  tbes- 
saliscben  Olymp,  315. — L.  Biirgerstein.  Geologiscbe  Untersucbimgen 
im  siidwestlicben  Tbeile  der  Halbinsel  Cbalkidike,  321. — M.  Neumayr. 
Geologiscbe  Untersucbimgen  iiber  den  nordlicben  und  ostlicben  Tbeil  der 
Halbinsel  Cbalkidike,  328. — F.  Teller.  Geologiscbe  Beobacbtimgen  auf 
der  Insel  Cbios,  340. — F.  Calvert  und  M.  Neumayr.  Die  jungeren  Abla- 
gerungen  am  Hellespont,  357. — A.  Bittner,  M.  Neumayr,  und  Fr.  Teller. 
Ueberblick  iiber  die  geologiscben  Verbaltnisse  eines  Tbeiles  der  agaiscben 
Kiistenlander,  379. 

 .   .  .    Bandxli.  1879. 
T.  Fucbs.  Ueber  die  von  Dr.  E.  Tietze  aus  Persien  mitgebracbten 

Tertiarversteinerungen,  99. — L.  Szajnocba.  Die  Bracbiopodon-Fauna 
der  Oolitbe  von  Balin  bei  Krakau,  197. 

 .   .   .    Band  xlii.  1880. 
Hofer.  Die  Erdbeben  Karntens  und  deren  Stosslinien,  1. — Homes. 

Materialien  zu  einer  Monograpbie  der  Gattung  Meyalodus  mit  besonderer 
Beriicksicbtigung  der  mesozoiscben  Formen.  91. — Manzoni.  Ecbino- 
dermi  fossili  della  molassa  serpentinosa  e  supplemento  agli  Ecbinodermi 
fossili  dello  scblier  delle  colline  di  Bologna,  185. 

 .   .    Sitzungsbericbte.    Band  lxxix.  Hefte  1-5.  1879. 
J.  Niedzwiedzki.  Geologiscbe  Untersucbungen  im  westlicben  Tbeile 

des  Balkans  und  in  den  angrenzenden  Gebieten  zur  Kenntniss  der 
Eruptivgesteine  des  westlicben  Balkans,  139. — V.  v.  Zepbarovicb.  Halo- 
tricbit  und  Melanterit  von  Idria,  183. — A.  Boue.  Ueber  die  Oro-Potamo- 
Limne-  (Seen)  und  Lekanegrapbie  (Becken)  des  Tertiaren  der  europaiscben 
Tiirkei  und  Winke  zur  Ausfiillung  der  Liicken  unserer  jetzigen  geogra- 
pbiscben  und  geognostiscben  Kenntnisse  dieser  Halbinsel,  26J. — Liebe. 
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Die  fossile  Fauna  der  Hohle  Vypustek  in  Mahren  nebst  Bemerkuno-en 
betreffs  einiger  Knochenreste  aus  der  Kreuzberghohle  in  Krain,  472. 

Vienna.  Kaiserliche  Akadcmie  der  Wissenschaften.  Sitzungs- 
berichte.  Band  lxxx.  Hefte  1-5.  1880. 

J.  V.  Janovsky.  Ueber  Niobit  und  ein  neues  Titanat  vom  Isergebirge, 
34. — J.  Ruinpf.  Ueber  den  Krystallbau  des  Apophyllits,  84. — F.  Becke. 
Ueber  die  Zwillingsbildung  und  die  optisclien  Eigenscliaften  des  Chabasit, 
90— F.  Berwerth.  Ueber  Nephrit  aus  Neu-Seeland,  102. — F.  Berwerth. 
Ueber  Bowenit  aus  Neu-Seeland,  116. — M.  Schuster.  Ueber  die  optische 
Orientirung  der  Plagioklase,  192. — V.  Uhlig.  Ueber  die  liasisclie  Bra- 
chiopodenfauna  von  Sospirolo  bei  Belluno,  259. — F.  Hochstetter.  Ergeb- 
nisse  der  Hohlenforschungen  im  Jahre  1879,  zweiter  Bericht,  526. 

 .  .  .    Band  lxxxi.  Hefte  1-5.  1880. 
T.  Fuclis.  Ueber  einige  tertiare  Echiniden  aus  Persien,  97. — A.  Boue, 

Ueber  den  ehenialigen  und  jetzigen  Stand  der  Geologie  und  Geogenie 
und  die  Untersucbungen  und  Metboden  in  diesen  Richtungen,  148. — Leo 
Biirgerstein  und  Franz  Noe.  Geologische  Beobachtungen  im  siidlichen 
Calabrien,  154. — F.  Toula.  Geologisclie  Untersuclmngen  im  westlichen 
Theile  des  Balkan  und  in  den  angrenzenden  Gebieten  (IX.),  188. 

 .   .   .    Band  lxxxii.  Hefte  1  &  2.  1880. 
J.  N.  Woldrich.  Diluviale  Fauna  von  Zuzlawitz  bei  Winterberg  im 

Bohmerwalde,  7. — J.  Sieber.  Zur  Kenntniss  der  nordbohmischen  Braun- 
kohlenfiora,  67. — V.  Bieber.  Ueber  zwei  neue  Batracbier  der  bohmischen 
Braunkohlenformation,  102.— C.  v.  Ettingshausen.  Beitrage  zur  Erfor- 
scbung  der  Phylogenie  der  Pflanzenarten,  133. — G.  Tscbermak  und  L. 
Lipocz.  Beitrag  zur  Kenntniss  des  Zoisits,  141. — E.  Hussak.  Beitrage 
zur  Kenntniss  der  Eruptivgesteine  der  Umgegend  von  Schemnitz,  164. 

 .    Kaiserlich-konigliehe  Bergakademien  zu  Leoben  und  Pribram 
und  die  koniglich  ungariscben  Bergakademie  zu  Sebemnitz. 
Berg-  und  hiittenmannisches  Jahrbucb.    Band  xxviii.  Hefte 
2-4.  1880. 

E.  Beyer.    Zinn  in  Cornwall,  153. 
 .  .  .    Band  xxix.  Heft  1.  1881. 

E.  Reyer.  Ueber  die  "  Granitstocke,"  15. — E.  Reyer.  Was  versteht 
der  Bergmann  unter  dem  Worte  u  Stock  "  ?,  20. — M.  v.  Lill.  Analysen 
ausgefiihrt  im  Laboratorium  des  k.  k.  General-Pro  biramtes  in  Wien  im 
Jabre  1880,  27. 

 .    Kaiserlich-konigliehe  geologische  Reichsanstalt.  Abhand- 
lungen.    Band  xii.  Heft  2.  1880. 

R.  Homes  und  M.  Auinger.     Die  Gasteropoden  der  Meeresablage- 
rungen  der  ersten  und  zweiten  miocanen  Mediterranstufe  in  der  oster- 
reichisch-ungarischen  Monarchie,  II.,  53. 

 .   .    Jahrbuch.    Band  xxx.    Hefte  3  &  4.  1880. 
F.  v.  Hauer.  Grundlinien  der  Geologie  von  Bosnien-Hercegovina 

(Vorwort),  160. — E.  v.  Mojsisovics.  Grundlinien  der  Geologie  von 
Bosnien-Hercegovina.  I.  West-Bosnien  und  Turkisch-Croatien,  167. — 
E.  Tietze.  Grundlinien  der  Geologie  von  Bosnien-Hercegovina.  II. 
Das  ostliche  Bosnien,  266. — A.  Bittner.  Grundlinien  der  Geologie  von 
Bosnien-Hercegovina.  III.  Die  Hercegovina  und  die  siidostlichsten 
Theile  von  Bosnien,  353. — C.  v.  John.  Grundlinien  der  Geologie  von 
Bosnien-Hercegovina.  IV.  Ueber  krystallinische  Gesteine  Bosnien's  und 
der  Hercegovina,  439. — M.  Neumayr.  Grundlinien  der  Geologie  von 
Bosnien-Hercegovina.    V.  Tertiare  Binnenmollusken  aus  Bosnien  und 
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der  Hercegovina,  463. — M.  Vacek.  Neocomstudie,  493. — E.  Reyer.  Die 
Bewegung  im  Festen,  543. — E.  Kayser.    Zur  hercynischen  Frage,  556. — 
D.  Kramberger.  Die  fossilen  Fische  von  Wurzenegg  bei  Prassberg  in 
Steiermarkj  565. — V.  v.  Mpller.  Ueber  einige  Foraminiferen-fiikrenden 
Gesteine  Persien's,  573. — M.  Lomnicki.  Die  galizisch-podolische  Hoch- 
ebene  zwiscben  dem  oberen  Laufe  der  Fliisse  Gnila,  Lipa  mid  Strypa,  587. 
— R.  Scbarizer.  Mineralogische  Beobachtungen,  593. — A.  Cathrein.  Die 
Dolomitzone  bei  Brixlegg  in  Nordtirol,  609. — H.  Walter.  Ein  Durch- 
schnitt  in  dem  Mittelkarpatben  von  Chyrow  iiber  Uherce  nnd  den  un- 
garischen  Grenzkamm  bis  Sturzica,  mit  Beriicksicbtigung  eniger  Paral- 
lel-durcbsebnitte,  635. — R.  Homes.  Die  Trilobiten-Gattungen  Phacops 
und  Dalmanites  und  ihr  vermutblicber  genetischer  Zusamrnenbang-,  651. 
— K.  M.  Paul.    Ueber  die  Lagerangsverhaltnisse  in  Wieliczka,  687. — 
E.  von  Mojsisovics.  Ueber  beteropische  Verbaltnisse  im  Triasgebiete 
der  lombardischen  Alpen,  695. — J.  Scbmidt.  Ueber  die  Fossilien  des 
Vincaberges  bei  Karlstadt  in  Croatien,  719. — E.  Tietze.  Zur  Geologie  der 
Karsterscbeinungen,  729. 

Vienna.  Kaiserlich-kdniglicbe  geologiscbe  Reichsanstalt.  Jahr- 
buch.  Band  xxxi.  No.  1.  1881. 

E.  Reyer.  Predazzo,  1. — E.  Reyer.  Ueber  Tuffe  und  tuffogene  Sedi- 
mente,  57. — E.  Tietze.  Ueber  einige  Bildungen  der  jiingeren  Epocben 
in  Nord-Persien,  67. — C.  M.  Paul.  Die  Petroleum-  und  Ozokerit-Vor- 
kommnisse  Galiziens^  131. 

 .  .    Yerhandlungen.    1880,  JNos.  10  and  11.  1880. 
A.  Heiin.  Ueber  die  Glarner  Doppel-Falte,  156. — R.  Homes.  Mas- 

todon angustidens  von  Oberdorf  nordlich  von  Weiz;  159. — V.  Bieber. 
Ueber  zwei  neue  Batracbier  aus  dem  Diatomaceenscbiefer  bei  Sulloditz 
in  Bobmen,  160. — E.  Hussak.  Ueber  Eruptivgesteine  von  Gleicbenberg, 
160. — T.  Fucbs.  Ueber  ein  neues  Vorkommen  von  Siisswasserkalk  bei 
Czeikowitz  in  Mahren,  162. — R.  Homes.  Tertiar  bei  Derwent  in 
Bosnien,  164. — E.  Suess.  Ueber  die  vermeintlichen  sacularen  Scbwan- 
kungen  einzelner  Theile  der  Erdoberflache,  171. — C.  von  Hauer.  Krys- 
tallogenetiscbe  Beobacbtungen,  181. — M.  Vacek.  Erwiederung  auf  die 
Mittbeilung  des  Herrn  Prof.  A.  Heim  in  Nr.  10  der  Verbandlungen,  189. — 
R.  Homes.  Die  Stosslirtie  des  Villacber  Erdbebens  von  1348,  193. — R. 
Homes.   Amphiope  nov.  sp.  vom  Seckauer  Berg  bei  Leibnitz,  194. 

 .   .  .    1880,  Nos.  13-17.  1880. 
Karl  Ritter  von  Hauer,  229. — E.  Reyer.  Ueber  die  Tektonik  der  gra- 

nitiscben  Gesteine  von  Predazzo,  231. — A.  Bittner.  Die  Sedimentgebilde 
in  Judicarien,  233. — V.  Hilber.  Reisebericbt  aus  Ostgalizien,  238. — 
R.  Homes.  Das  Auftreten  der  Gattung  Terebra  in  den  Ablagerungen 
der  ersten  und  zweiten  miocanen  Mediterran-Stufe  der  osterreicbiscb- 
ungariscben  Monarchie,  245. — W.  Jicinsky.  Basalt  in  der  Jaklowetzer 
Grube  bei  Mabr.-Ostrau,  247. — G.  Stacbe.  Durcbscbnitt  durcb  die  krys- 
talliniscbe  Oentralmasse  und  die  palaolitbiscben  Randzonen  der  Alpen 
vom  Gailtbaler  Gebirge  iiber  das  Tauernkreuzjocb  nacb  dem  Inntbal  bei 
Worgl,  249. — G.  Stacbe.  Der  krystallinische  Gebirgs-Abscbnitt  zwiscben 
dem  binteren  Ulten-Gebiet  und  Unter-Sulzberg,  250. — G.  Stacbe.  Aus 
den  Randgebieten  des  Adamellogebirges,  252. — E.  Tietze.  Die  Gegend 
von  Rospucie  in  Galizien,  255. — F.  Teller.  Verbreitung  und  Lagerung 
der  Diorite  in  der  Umgebimg  von  Klausen  und  Liisen,  261. — V.  Hilber. 
Reisebericbte  aus  Ostgalizien,  264. — R.  Homes.  Das  Erdbeben  vom 
9.  November  in  Steiermark,  269. — M.  Lomnicki.  Einiges  iiber  die  Gyps- 
formation  in  Ostgalizien,  272. — V.  Ublig.  Zur  Gliederung  des  rotben 
Ammonitenkalkes  in  der  Umgebung  von  Roveredo,  275. — C.  W.  Giimbel. 
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Rbthkalk.  Magnesit  von  Elmen,  276. — G.  C.  Laube.  Pfianzenreste  aus 
dem  Diatoinaceenschiefer  in  Sulloditz  im  bohm.  Mittelgebirge,  277. — 
G.  Starke,  Notizen  liber  Bol  und  Polyhydrit,  278. — E.  Tietze.  Zur 
Geologie  der  Karsterscheinungen,  281. — F.  v.  Hauer.  Bouteillenstein  von 
Trebitsch,  282. — J.  N.  Woldrich.  Beitrage  z.ur  diluvialen  Fauna  der 
mahrischen  Hohlen,  284. — G.  Stache.  Ueber  das  Vorkommen  von 
Olivingesteinen  in  Siidtirol,  287. — E.  Beyer.  Die  Resultate  eines  Ver- 
suehes  iiber  Bewegung  im  Festen,  288. — D.  Kramberger.  Die  jung- 
tertiare  Fiscbfauna  Croatiens,  297. — A.  Rzebak.  Ueber  die  Gliederung 
und  Verbreitung  der  alteren  Mediterranstufe  in  der  Umgebung  von  Gr. 
Seelowitz  in  Mahren,  300— F. Teller.  Vorlage  des  Blattes  Klausen,  303. 
— E.  Reyer.  Ueber  Predazzo,  304. — L  Szajnocha.  Vorlage  der  geolo- 
gisclien  Karte  der  Gegend  von  Gorlice,  304. — A.  Brezina.  Ueber  ein 
neues  Mineral,  den  Schneebergit,  313. — E.  Hussak.  Unigeschmolzene 
Basalte  und  Granite  von  Edersgrun  bei  Karlsbad,  314. — J.  Kusta.  Zur 
Geologie  und  Paliiontologie  des  Rakonitzer  Steinkohlen-Beckens,  317. — 
G.  Sebisanovic.  Einiges  iiber  die  Erdbeben  von  Karlstadt  in  Kroatien, 
325. — R.  Homes.  Vorlage  einer  geologisclien  (Manuscript-)  Karte  der 
Umgebung  von  Graz,  326. — E.  yon  Mojsisovics.  Ueber  beteropiscbe 
Verhaltnisse  im  Triasgebiete  der  lombardischen  Alpen,  330. — C.  M.  Paul. 
Geologiscbe  Karte  der  Gegend  von  Przemysl,  330. 

Vienna.  Kaiserlich-kdnigliche  geologische  Reichsanstalfc.  Verhand- 
lungen.  1881,  Nos.  1-11.  1881. 

Fr.  Ritter  v.  Hauer.  Jahresbericht,  1. — M.  v.  Hantken.  Arbeiten 
der  k.  ungarisclien  geologisclien  Anstalt,  15. — v.  Loeffelholz.  Einige 
geognostisclie  Notizen  aus  Bosnien,  23. — A.  Bittner.  Bemerkungen  zu 
voranstehender  Mittheilung,  27. — F.  Kreutz.  Ueber  den  Ursprung  des 
Erdols  in  der  galizisclien  Salzformation,  28. — E.  Tietze.  Das  Alter  des 
Kalkes  von  Steinbergen  bei  Graz,  34. — G.  Staclie.  Ueber  die  Gesteine 
des  Adaniello-Gebirges,  37. — E.  Tietze.  Ueber  die  geologiscbe  Aufnahrne 
der  Gegend  von  Lemberg  und  Grodek,  insbesondere  iiber  den  Loss  dieser 
Gegend,  37. — M.  Vacek.  Ueber  die  Sckichtenfolge  in  der  Gegend  der 
Glarner  Doppelfalte,  43. — V.  Uhlig.  Zur  Kenntniss  der  Malm-  und 
Titbonstufe  in  der  Umgebung  von  Steierdorf  im  Banat,  51. — A.  Bittner. 
Mittbeilungen  aus  dem  iinmalimsterram,  52. — D.  Stur.  Gebirgshub 
und  Gebirgsscliub,  58. — E.  Tietze.  Bemerkungen  zu  den  Ansichten 
von  F.  Kreutz  iiber  das  Erdol  der  galizischen  Salzformation,  59. — 
E.  v.  Mojsisovics.  Zur  Karstgeologie,  65. — S.  Kontkiewicz.  Kurzer 
Bericbt  iiber  die  von  ibm  ausgefiibrten  geologischen  Untersucbungen 
im  siidwestlicben  Theile  vom  Konigreicb  Polen,  66. — F.  Teller.  Zur 
Tektonik  der  Brixener  Granitmasse  und  ilirer  nordlichen  Umrandung, 
69. — E.  Reyer.  Ueber  die  Tuffe  der  massigen  Euptivgesteine,  74. — T. 
Fucbs.  Chalicotherium  von  Siebenhirten,  77. — A.  Rzebak.  Die  Fauna, 
des  miibriscben  Rotbliegenden,  78. — C.  Dolter.  Von  den  capverdiscben 
Inseln,  79. — v.  Lorenz.  Ueber  terra  rossa,  81. — E.  von  Dunikowski. 
Geologiscbe  Verbaltnisse  der  Dniesterufer  in  Podolien,  82. — E.  Reyer. 
Ueber  Predazzo,  83. — v.  Loffelbolz.  Ein  Beitrag  zur  Feststellung  des 
Alters  der  Lossbildung  bei  Wien,  89. — J.  Wentzel.  Fossile  Pflanzen  aus 
den  Basalttuffen  von  Warnsdorf  in  Bobmen,  90. — G.  Laube.  Neue 
Knocbenfunde  aus  dem  Lebm  der  Umgebung  von  Prag,  93. — C.  M.  Paul. 
Ueber  Petroleumvorkommnisse  in  der  nordlicben  Walachei,  93.— V. 
Hilber.  Vorlage  geologiscber  Karten  aus  Ost-galizien,  95. — F.  Kreutz. 
Erkliirung  zu  Dr.  Tietze's  "  Bemerkungen  zu  den  Ansichten  von  F.  Kreutz 
iiber  das  Erdol  der  galizischen  Salzformation,  101. — E.  Kittl.  Ueber  einen 
neuen  Fund  von  Listriodon,  103. — E.  v.  Mojsisovics.  Ueber  die  Cephalo- 
podon-Fauna  der  Trias-Schichten  von  Mora  d'Ebro  in  Spanien,  105. — 
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K.  M.  Paul.  Ueber  das  Ozokerit-  und  Erdol-vorkommen  von  Boryslaw, 
107. — F.  Kreutz.  Ueber  die  Bildung  und  Umbildimg  vou  Erdwacna  und 
Erdol  in  Galizien,  113. — F.  Kreutz.  Ueber  den  Ursprung  des  Steinsalzes 
am  Rande  der  Karpathen,  119. — A.  Brezina.  Pseudometeorit,  gefunden 
in  Cista,  Pilsener  Kreis,  Bohmen,  121. — A.  H.  Schindler.  Nene  Angaben 
iiber  die  Mineralreichthiimer  Persiens  mid  Notizen  iiber  die  Gegend 
westlich  von  Zendjan,  122. — V.  Hilber.  Die  Stellung  des  ostgalizischen 
Gypses  imd  sein  Verhaltniss  zmn  Schlier,  123. — II.  v.  Foullon.  Krys- 
tallogenetiscke  Beobacktimgen,  131. — E.  Kittl.  Ueber  die  Mineralquellen 
NordbohmenSj  149. — F.  Wurm.  Limonitconcretionen  in  der  Umgebung 
von  Bokmisck-Leipa,  153. — H.  Engelhardt.  Dritter  Beitrag  zur  Kemit- 
niss  der  Flora  des  Thones  von  Prescben  bei  Bilin,  154. — D.  Kramberger. 
Studien  iiber  die  Gattimg  Saurocephalus,  155. — W.  Dames.  Ueber  die 
Cepkalopoden  ans  dem  Gaultquader  des  Hoppelberges,  155. — 0.  Dolter. 
Spuren  eines  alten  Festlandes  auf  den  capverdischen  Inseln,  156. — M. 
Yaeek.  Vorlage  der  geologiscben  Karte  der  Umgebung  von  Trient,  157. 
— L.  Szaynocka.  Das  Petrolenmvorkommen  von  Sloboda  mngurska,  162. 

Vienna.    Kaiserlich-konigliche  zoologisch-botaniscbe  Gesellschaft. 
Verhandlungen,  1880.    Band  xxx.  1881. 

 .    Mineralogische  und  petrogr aphis che  Mittheilungen.  Neue 
Folge.  Band  iii.  Hefte  1-6.  1880-81.  Purchased. 

Curt  von  Eckenbreclier.  Untersuchungen  iiber  Umwandlungsvorgange 
in  Neplielingesteinen,  1. — C.  W.  C.  Fucks.  Die  vulkaniscken  Ereignisse 
des  Jakres  1879?  35. — J.  Becke.  Hyperstken  von  Bodenniais-,  60. — A. 
Penck.  Die  pyroxenfiikrenden  Gesteine  des  nordsacksiscken  Porpkyrge- 
bietes,  71. — P.  Jannasck  und  J.  H.  Moos.  Mittkeilungen  iiber  die  krystal- 
liniscken  Gesteine  des  Columbia  Flusse  in  Nordamerika  und  die  darin 
entkaltenen  Feldspatke,  97. — Max  Sckuster.  Ueber  die  optiscke  Ori- 
entirung  der  Plagioklase,  117. — A.  Frenzl.  Mineralogisckes  aus  dem 
ostindiscken  Arckipel,  289. — F.  Becke.  Ueber  den  Hessit  (Tellursil- 
berglanz)  von  Botes  in  Siebenbiirgen,  301. — G.  Tsckermak.  Der  Boden 
und  die  Quellen  von  Slanik,  315. — H.  Poklig.  Die  Sckieferfragmente 
im  Siebenbirger  Trackyt  von  der  Perlenkardt  bei  Bonn,  336. — C.  W. 
Cross.  Studien  iiber  bretoniscke  Gesteine,  369. — G.  E.  Stein.  Die 
Melapkyre  der  kleinen  Karpathen,  411. — H.  Dietrich.  Ckemiscke  Unter- 
suckung  der  drei  neuen  Mineralquellen  von  Krynica,  439. — J.  Blaas. 
Petrograpkiscke  Studien  an  jiingeren  Eruptivgesteinen  Persiens,  457. — 
A.  Frenzel.  Mineralogisckes,  504. — A.  v.  Lasaulx.  Ueber  sogenannten 
kosmiscken  Staub,  517. — E.  Geinitz.  Der  Pkyllit  von  Rimognes  in  den 
Ardennen,  533. 

Washington.  Smitksonian  Institution.  Annual  Beport  of  the  Board 
of  Regents  for  1878.  1879. 

 .  .    Annual  Report  of  the  Board  of  Regents  for  1879. 
1880. 

W.  Gesner.    Mica  Beds  in  Alabama,  382. 

 .   .    Contributions  to  Knowledge.    Vol.  xxii.  1880. 

 .  .    Miscellaneous  Collections.  Yol.  xvi.  1SS0. 

 .   -.   .    Yol.  xvii.  1880. 

Watford  Natural-History  Society  and  Hertfordshire  Field-Club. 
Transactions.   Yol.  ii.   Part  8.  1880. 
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Watford.    Hertfordshire  Natural-History  Society  and  Field-Club. 
Trausactious.    Yol.  i.   Parts  1-4.  1880-81. 

J.  Gwyn  Jeffreys.    Anniversary  Address,  84. — H.  Gilbertson.  Notes 
on  Sponges,  recent  and  fossil,  97. — J.  V.  Elsden.    The  Post-Tertiary 
Deposits  of  Hertfordshire,  103. 

"Wellington,  N.  Z.   New-Zealand  Institute.    Transactions  and  Pro- 
ceedings.   Yol.  xii.  (1879).  1880. 

W.  Colenso.    On  the  Moa,  63.— J.  C.  Crawford.    On  Wind-formed 
Lakes,  415. — J.  C.  Crawford.   On  BidwiU's  Front  Hills,  416.— W.  Collie. 
Eemarks  on  Yolcanoes  and  Geysers  of  New  Zealand,  418. 
Wiesbaden.  Nassauische  Yereins  fiir  Naturkunde.  Jahrbiicher. 

Jahrgang  31  u.  32  (1878  u.  1879).  1880. 
R.  Fresenius.  Chemische  Analyse  der  Mineral-Quelle  bei  Biskirchen 

ini  Lahnthale,  1. — R.  Fresenius.  Analyse  der  Wappen-Quelle  zu  Bad 
Ems,  17. — R.  Fresenius.  Analyse  des  Kaiser-Brunnens  zu  Bad  Ems, 
32. — R.  Fresenius.  Chemische  Untersuchung  der  warmen  Quelle  zu 
Schlangenbad,  49. — R.  Fresenius.  Chemische  Analyse  der  Wilhelms- 
Quelle  zu  Kronthal,  70. — Fr.  Wenckenbach.  Uebersicht  iiber  die  in 
Nassau  aufgefundenen  einfachen  Mineralien,  147. 

York.    Natural-History  Journal.  Yol.  iii.  Nos.  3,  4,  6  &  7.  1879. 
Presented  by  W.  Whitaker,  Esq.,  F.G.S. 

J.  E.  Clark.    Askham  Bog  I.,  113. 

 .  .    Yol.  iv.    Nos.  23-31.    1880.    Presented  by  W. 
WiitaJcer,  Esq.,  F.G.S. 

J.  P.  Drewett.    St.  Bee's  Head,  11,  24. 
 .    Yorkshire  Philosophical  Society.    Annual  Report  for  1880. 
1880. 

T.  S.  Noble.  An  Account  of  the  Scientific  Work  of  Prof.  E.  E. 
Deslongchamps,  53. — T.  S.  Noble.  M.  J.  Barrande  and  the  Darwinian 
Theory  of  Evolution,  54. 

Zoological  Society.    Proceedings.    1880,  Parts  2-4.  1880-81. 
T.  H.  Huxley.  On  the  Application  of  the  Laws  of  Evolution  to  the 

Arrangement  of  the  Vertebrata,  and  more  particularly  of  the  Mammalia, 
649. 

 .   .    1881,  Part  1.  1881. 
- — .    Transactions.    Yol.  xi.  Parts  2-5.  1880-81. 

2.  Books. 

Names  of  Donors  in  Italics. 

Achepohl,  L.  Das  niederrheinisch-westfalische  Steinkohlengebirge. 
Atlas  der  fossilen  Fauna  und  Flora.  Lieferung  1  &  2.  Fol.  Essen, 
1880-81.  Purchased. 

AcMardi,  A.  cl\  Su  di  alcuni  minerali  della  miniera  del  Frigido 
presso  Massa  nelle  Alpi  apuane.    8vo.    Pisa,  1881. 

Angelin,  N.  P.  Palseontologia  Scandinavica.  P.  1.  Crustacea 
formationis  transitionis.    Fasc.  1  &  11*.    4to.    Stockholm,  1878. 
Presented  by  the  Royal  Academy  of  Sciences,  Stockholm. 
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Angelin,  N.  P.,  et  G.  Lindstroin.  Eragmenta  silurica  e  dono  Caroli 
Henrici  Wegelin.  Pol.  Stockholm,  1880.  Presented  by  the  Royal 
Academy  of  Stockholm. 

Anon.  Canada:  a  Hand-book  of  Information  for  intending  Emi- 
grants. 8vo.  Ottawa,  1879.  Presented  by  W.  Whitaker,  Esq., 

F.G.S. 

 .    Notes  on  the  Geology  of  Ilfracombe  and  its  Neighbourhood 
by  a  late  Resident.    12mo.    Ilfracombe,  1880. 

 .    Scepticism  in  Geology  and  the  Reasons  for  it,  by  Verifier. 
2nd  edition.  8vo.  London,  1878.  Presented  by  Prof.  P.  M. 
Duncan,  F.B.S.,  F.G.S. 

Ansted,  D.  T.  A  short  Trip  in  Hungary  and  Transylvania  in  the 
Spring  of  1862.    8vo.    London,  1862.  Purchased. 

 .    Water  and  Water-supply,  chiefly  in  reference  to  the  British 
Islands.    8vo.    London,  1878.  Purchased. 

Atkinson,  E.  T.  Economic  Mineralogy  of  the  Himalayan  Districts 
of  the  North-western  Provinces.    8vo.    Calcutta,  1881. 

Attwood,  G.  A  Contribution  to  South-American  Geology.  With  an 
Appendix  by  the  Rev.  Prof.  T.  G.  Bonney.   8vo.  London,  1879. 

Attwood,  G.    Practical  Blowpipe  Assa}Ting.    8vo.    London,  1880. 
Ball,  V.  On  Spheroidal  Jointing  in  Metamorphic  Rocks  in  India 

and  elsewhere,  producing  a  structure  resembling  glacial  "  Roches 
Moutonnees."    8vo.    Dublin,  1880. 

 .    On  the  Coal-fields  and  Coal-production  of  India.  8vo. 
Dublin,  1880. 

 .    On  the  Evidence  in  favour  of  the  Belief  in  the  Existence  of 
floating  Ice  in  India  during  the  Deposition  of  the  Talchir 
(Permian  or  Permio-Triassic)  Rocks.    8vo.    Dublin,  1880. 

 .    On  the  Mode  of  Occurrence  and  Distribution  of  Gold  in 
India.    8vo.    Dublin,  1880. 

Barrancle,  J.  Du  maintien  de  la  nomenclature  etablie  par  M. 
Murchison.    8vo.    Paris,  1880. 

Barrois,  O.  Note  on  the  Rev.  J.  E.  Blake's  paper  on  the  Chalk  of . 
Yorkshire.    8vo.    London,  1880. 

 .    Note  sur  les  alluvions  de  la  Serre  (Aisne).    8vo.  Lille, 
1880. 

 Sur  le  terrain  silurien  superieur  de  la  presqu'ile  de  Crozon. 
8vo.    Lille,  1880. 

 .    Sur  quelques  especes  nouvelles  on  peu  connues  du  terrain 
cretace  du  Nord  de  la  France.    8vo.    Lille,  1880. 

Bauerman,  Hilary.  Text-book  of  Systematic  Mineralogy.  8vo, 
London,  1881. 
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Belgium.  Commission  de  la  Carte  Geologique  de  la  Belgique.  Texte 
explicatif  du  leve  geologique  de  la  planchette  d'Aerschot,  par  M.  le 
baron  0.  van  Ertborn,  avec  la  collaboration  de  P.  Cogels.  8vo. 
Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
d' An  vers,  par  M.  le  baron  0.  van  Ertborn,  avec  la  collaboration 
de  P.  Cogels.    8vo.    Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Beveren,  par  M.  le  baron  0.  van  Ertborn  et  P.  Cogels.  8vo. 
Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Boisschot,  par  M.  le  baron  0.  van  Ertborn  et  P.  Cogels.  8vo. 
Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Boom,  par  M.  le  baron  0.  van  Ertborn,  avec  la  collaboration  de 
P.  Cogels.    8vo.    Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Heyst-op-den-berg,  par  M.  le  baron  0.  van  Ertborn,  avec  la 
collaboration  de  M.  P.  Cogels.    8vo.    Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Lierre,  par  M.  le  baron  0.  van  Ertborn,  avec  la  collaboration 
de  M.  P.  Cogels.    8vo.    Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Lubbeek,  par  M.  le  baron  0.  van  Ertborn  et  P.  Cogels.  8vo. 
Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Malines,  par  M.  le  baron  0.  van  Ertborn  et  P.  Cogels.  8vo. 
Brussels,  1880. 

 .   .    Texte  explicatif  du  leve  geologique  de  la  planchette 
de  Putte,  par  M.  le  baron  0.  van  Ertborn,  avec  la  colloboration 
de  M.  P.  Cogels.    8vo.    Brussels,  1880. 

Benecke,  E.  W.,  unci  E.  Cohen.  Geognostische  Beschreibung  der 
Umgegend  von  Heidelberg.  Hefte  2  &  3.  8vo.  Strassburg, 

1880-81.  * 
Binney,  E.  W.  On  some  Marine  fossil  Shells  in  the  Middle  Coal 

Measures  of  Lancashire.    8vo.    Manchester,  1880. 

Bittner,  A.,  L.  Biirgerstein,  E.  Calvert,  Er.  Heger,  V.  Hilber,  M. 
Neumayr  und  Er.  Teller.  Geologische  Studien  in  den  Kiisten- 
landern  des  griechischen  Archipels.    4to.    Vienna,  1880. 

Blake,  J.  H.  Address  at  the  Anniversary  Meeting  of  the  Norwich 
Geological  Society,  2nd  November  1880.    8vo.    Norwich,  1881. 

Blake,  W.  P.  Report  of  a  Geological  Reconnaissance  in  California, 
made  in  connexion  with  the  Expedition  to  survey  Routes  in 
California  to  connect  with  the  surveys  of  routes  for  a  Railroad 
from  the  Mississippi  River  to  the  Pacific  Ocean,  under  the  com- 
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maud  of  Lieut.  E.  S.  Williamson.  With  an  Appendix  containing 
descriptions  of  portions  of  the  collection  by  Louis  Agassiz,  A.  A. 
Gould,  J.  W.  Bailey,  T.  A.  Conrad,  John  Torrey,  G.  C.  Schacffer, 
and  J.  D.  Easter.    4to.    New  York,  185S.  Purchased. 

Bohemia.  Naturwissenschaftliche  Landesdurchforschung  von  Boh- 
men.  Archiv,  Band  IV.  No.  2  (1880).  Erlauterungen  zur  geolo- 
gischen  Karte  der  Umgebungen  von  Prag,  von  J.  Krejci  und 
E.  Helmhacker.    8vo.    Prague,  1880.  Purchased. 

Bonnei/,  T.  G.    Note  on  a  Case  of  Prismatic  Structure  in  Ice.  8vo. 

 .    On  Traces  of  Glacial  Action  near  Llandudno.  8vo.  London, 
1867. 

 .    On  supposed  Pholas  Burrows  in  Derbvshire.   8vo.  London, 
1870. 

 .    On  a  Cirque  in  the  Syenite  Hills  of  Skve.    8vo.  London, 
1871. 

 .    On  the  Formation  of  "  Cirques,"  and  their  Bearing  upon 
Theories  attributing  the  Excavation  of  Alpine  Valleys  mainly  to 
the  Action  of  Glaciers.    8vo.    London,  1871. 

 .    Ice  Scratches  in  Derbyshire.    8vo.    London,  1872. 

 .    On  certain  Lithodomous  Perforations  in  Derbyshire.  8vo. 
London,  1872. 

■  .    Notes  on  the  Eoslyn-Hill  Clay-pit.    8vo.    London,  1872. 
 .    Lakes  of  the  North-eastern  Alps  and  their  Bearing  on  the 

Glacier-Erosion  Theory.    8vo.    London,  1873. 
 .    On  the  Occurrence  of  a  Quartzite  Boulder  in  a  Coal-seam  in 

South  Staffordshire.    8vo.    London,  1873. 

 .    Some  Notes  on  Glaciers.    8vo.    London,  1876. 

 .    On  Columnar,  Fissile,  and  Spheroidal  Structure.  8vo.  London, 
1876. 

— — .    On  certain  Eock-structures,  as  illustrated  by  Pitchstones 
and  Pelsites  in  Arran.    8vo.    London,  1877. 

 .    On  Mr.  Holland's  Theory  of  the  Formation  of  Cirques.  8vo. 
London,  1877. 

 .    On  the  Microscopic  Structure  of  Luxullianite.   8vo.  Truro, 
1877. 

 .    On  the  Serpentine  and  associated  Eocks  of  the  Lizard 
District.  With  Notes  on  the  Chemical  Composition  of  some  of 
the  Eocks  of  the  Lizard  District.  By  W.  H.  Hudleston.  8vo. 
London,  1877. 

 .    The  Lherzolite  of  the  Ariege.    8vo.    London,  1877. 

 .    On  some  Specimens  of  Gabbro  from  the  Pennine  Alps.  8vo. 
Truro,  1878. 

 .    On  the  Serpentine  and  associated  Igneous  Eocks  of  the 
Ayrshire  Coast.    8vo.    London,  1878. 
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Bonney,  T.  G.  Notes  on  some  Ligurian  and  Tuscan  Serpentines. 
8vo.    London,  1879. 

 .    Notes  on  the  Relations  of  the  Igneous  Rocks  of  Arthur's 
Seat.    8vo.    London,  1878. 

 .    On  Professor  Dana's  Classification  of  Rocks.   8vo.  London, 1879. 

 .    On  the  Quartz-felsite  and  associated  Rocks  at  the  base  of 
the  Cambrian  Series  in  North-western  Caernarvonshire.  8vo. 
London,  1879. 

 .  The  Pre-Cambrian  Rocks  of  Great  Britain.  8vo.  Bir- 
mingham, 1879. 

 .    David  Thomas  Ansted,  obituary  notice.  8vo.  London,  1880. 

 -.    In  Memoriam  :  W.  H.  Miller.    8vo.    Cambridge,  1880. 

 .    On  some  Serpentines  from  the  Rhsetian  Alps.  8vo.  London, 
1880. 

 .    Penological  Notes  on  the  Vicinity  of  the  Upper  Part  of 
Loch  Maree.    8vo.    London,  1880. 

 .    William  Hallowes  Miller,  obituary  notice.    8vo.  London, 
1880. 

 .    In  Memoriam :  W.  H.  Miller.    8vo.    Cambridge,  1881. 

 .    On  the  Serpentine  and  associated  Rocks  of  Anglesey.  8vo. 
London,  1881. 

 and  P.  T.  S.  Houghton.    On  some  Mica-traps  from  the  Kendal 
and  Sedbergh  Districts.    8vo.    London,  1879. 

 .  On  the  Metamorphic  Series  between  Twt  Hill  (Caer- 
narvon) and  Port  Dinorwig.  8vo.   London,  1879. 

Bosniaski,  Sigismondo  de.  La  formazione  gessosa  e  il  secondo 
piano  mediterraneo  in  Italia.    8vo.    Pisa,  1880. 

British  Museum.  Index  to  the  Collection  of  Minerals,  with  references 
to  the  Table  Cases  in  which  the  Species  to  which  they  belong  are 
exhibited.  8vo.  London,  1866.  Presented  by  W.  Whitaker, 
Esq.,  F.G.S. 

 .    A  Guide  to  the  Collection  of  Minerals.  8vo.   London,  1867. 
Presented  by  W.  Whitaker,  Esq.,  F,  G.S. 

Brongniart,  A.  Recherches  sur  les  graines  fossiles  silicifiees.  Pre- 
cedees  d'une  notice  sur  ses  travaux  par  J.  B.  Dumas.  4to.  Paris, 1881.  Purchased. 

Brongniart,  C.  Notice  sur  quelques  poissons  des  lignites  de  Menat. 
8vo.    Caen,  1880. 

 -.    Rapport  sur  l'excursion  faite  a  Gisors  et  aux  environs  les 
16  et  17  mai  1880.    8vo.    Rennes,  1880. 

 et  Maxime  Cornu.    Observations  nouvelles  sur  les  epidemies 
sevissant  sur  les  insectes.    8vo.    Paris,  1880. 
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Brown,  John.  A  Description  of  some  Borings  on  the  Clifton  Estate, 
and  of  the  sinking  at  Clifton  Colliery,  Nottingham.  8vo.  London, 
1881. 

Brown,  Thomas.  Illustrations  of  the  Fossil  Conchology  of  Great 
Britain  and  Ireland,  with  Descriptions  and  Localities  of  all  the 
Species.   4to.   London,  1849.  Purchased. 

Bryce,  J.  Geology  of  Clydesdale  and  Arrao.  Svo.  London,  1859. 
Purchased. 

Canada.  Geological  Survey.  Catalogues  of  the  Silurian  Fossils  of 
the  Island  of  Anticosti,  by  E.  Billings.    Svo.   Montreal,  1866. 

 .   .    Palaeozoic  Fossils,  vol.  i.,  1861-65,  by  E.  Billings. 
Svo.    Montreal,  1865. 

 .   .    Report  of  Progress  for  1878-79.    8vo.  Montreal, 
1880. 

Ca-pellini,  G.  Gli  strati  a  Congerie  0  la  formazione  Gessoso-solfifera 
nella  Provincia  di  Pisa  e  nei  dintorni  di  Livorno.  4to.  Rome, 
1880. 

Cassell's  Natural  History.  Edited  by  P.  M.  Duncan.  Yol.  IV. 
4to.  London,  1880.  Presented  by  Messrs.  Cassell,  Fetter,  Galpin, 
and  Co. 

Castro,  M.  F.  de.  Discurso  leidos  ante  la  Real  Academia  de 
Ciencias  Exactas,  Fisicas  y  Naturales  en  la  recepcion  publica, 
2  de  Junio  de  1878.    8vo.    Madrid,  1878. 

 .    On  the  Influence  which  a  molecular  Movement  due  to 
Electricity  may  have  exerted  in  certain  Geological  Phenomena, 
namely,  the  Metamorphism  of  Rocks  and  the  Formation  of 
Metalliferous  Deposits.    8vo.    London,  1880. 

Chambers,  G.  F.  A  Handbook  for  Eastbourne  &c.  5th  edition. 
Svo.    London,  1873.    Presented  by  W.  Whitaker,  Esq.,  F.G.S. 

Chaper,  Maurice.  Note  sur  le  re'gion  diamantifere  de  l'Afrique australe.    8vo.    Paris,  1880.  Purchased. 

Choffat,  Paul.  Etude  stratigraphique  et  paleontologique  des  ter- 
rains jurassiques  du  Portugal.  Premiere  livraison.  Le  Lias  et 

le  Dogger  au  Nord  du  Tage.    4to.    Lisbon,  1880. 

Church,  J.  A.  The  Heat  of  the  Comstock  Lode.  Svo.  London, 
1880. 

Clarke,  C.  B.  A  Review  of  the  Ferns  of  Northern  India.  4to. 
London,  1880. 

Cohen,  E.  Sammlung  von  Mikrophotographien  zur  Veranschau- 
lichung  der  mikroskopischen  Structur  von  Mineralien  und  Ges~ 
teinen.    Lief.  1-4.    4to.    Stuttgart,  1881.  Purchased. 

Collingwood,  C.  Rambles  of  a  Naturalist  on  the  Shores  and  Waters 
of  the  China  Sea.    8vo.    London,  1868.  Purchased. 
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Congres  International  de  Geologie,  tenn  a  Paris,  du  29  au  31  aout 
et  du  2  au  4  septembre  1878.  Comptes  Rendus.  8vo.  Paris, 
1880.    Two  copies.    Presented  by  the  Foreign  Office. 

Cope,  E.  D.    On  the  Extinct  Cats  of  America.   8vo.    Salem,  1880. 

—  .    Catalogue  of  Vertebrata  of  the  Permian  Formation  of  the 
United  States.    8vo.    Salem,  1881. 

 .    Mammalia  of  the  Lower  Eocene  Beds.   8vo.    Salem,  1881. 

 .    On  some  new  Batrachia  and  Reptilia  from  the  Permian  Beds 
of  Texas ;  on  a  Wading  Bird  from  the  Amazon  Shales ;  on  the 
Nimravidse  and  Canidse  of  the  Miocene  Period ;  and  on  the 
Yertebrata  of  the  Wind-River  Eocene  Beds  of  Wyoming.  8vo. 
Washington,  1881. 

 .    Palseontological  Bulletin.   No.  32.    Second  Contribution  to 
the  History  of  the  Vertebrata  of  the  Permian  Formation  of 
Texas.    Figures.    8vo.    Philadelphia,  1881. 

 .    The  Systematic  Arrangement  of  the  Order  Perissodactyla, 
with  a  Note  on  the  Structure  of  the  Foot  of  Toccodon.  8vo. 
Philadelphia,  1881. 

Cornu,  M.,  C.  Brongniart  et  Dumas.  Sur  une  epidemie  d'insectes 
dipteres  cause'e  par  un  Champignon.    8vo.    Paris,  1880. 

Craven,  A.  E.  Description  of  three  new  Species  of  Land  and 
Freshwater  Shells  from  Nossi-Be  Island  (N.W.  coast  of  Mada- 

gascar).   8vo.    London,  1880. 

 .    Monographie  du  genre  Sinusigera,  d'Orb.    8vo.  Brussels, 1880. 

Credner,  H.  Geologischer  Fiihrer  durch  das  sachsische  Granulit- 
gebirge.    8vo.    Leipzig,  1880.  Purchased. 

Credner,  H.  Leber  die  Yergletscherung  Norddeutschlands  wahrend 
der  Eiszeit.    8vo.    Berlin,  1880. 

Damour,  A.,  und  G.  vom  Rath.  Leber  den  Kentrolith,  eine  neue 
Mineralspecies.    8vo.    Leipzig,  1880. 

 ,  .    Leber  den  Trippkeit,  eine  neue  Mineralspecies.  8vo. 
Leipzig,  1880. 

Dana,  J.  D.  Appendix  (I.)  to  the  5th  edition  of  Dana's  Mineralogy, 
by  G.  J.  Brush,  and  Appendix  II.,  by  E.  S.  Dana.  8vo.  New 
York,  1876.  Purchased. 

Daubree,  A.  Descartes,  Tun  des  createurs  de  la  cosmologie  et  de  la 
geologie.    4to.    Paris,  1880. 

 .    Examen  mineralogique  et  chimique  de  materiaux  provenant 
de  quelques  forts  vitrifies  de  la  France.   8vo.   Paris,  1881. 

Davidson,  T.  Liste  des  principaux  ouvrages  memoires  ou  notices 
qui  traitent  directement  ou  indirectement  des  Brachiopodes 
vivants  et  fossiles.    1606-1876.    8vo.    Brussels,  1880. 
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Davis,  J.  W.  Report  on  the  Ray  gill  Fissure  Exploration  Com- 
mittee.   8vo.    Leeds,  1881. 

Dawson,  J.  W.    Sketch  of.    8vo.   ,  1875. 

Daivson,  J.  W.  Revision  of  the  Land  Snails  of  'the  Palaeozoic  Era, 
with  Descriptions  of  new  Species.   8vo.   New  Haven,  1880. 

Delesse,  E.  Sur  les  etudes  de  geologie  agronomique  aux  Etats-Unis 
et  en  particulier  sur  celles  de  M.  G.  H.  Cook  dans  le  New-Jersey. 
8vo.    Paris,  1880. 

Delesse,  E.,  et  A.  De  Lcvpjoarent.  Extraits  de  Ge'ologie  pour  les  annees 1877  et  1878.    8vo.    Paris,  1880. 

 .    Revue  de  Geologie  pour  les  annees  1877  et  1878. 
Tome  XVI.    8vo.    Paris,  1880. 

Dewalque,  G.  Prodrome  d'une  description  geologique  de  la  Belgique. Seconde  edition.    8vo.    Brussels,  1880. 

 .     Sur  l'uniformite  de  la  langue  Geologique.    8vo.  Liege, 1880. 

Doyle,  P.  Petroleum  :  its  History,  Origin,  and  Use,  with  reference 
to  its  Advantages  and  Perils  as  an  Illuminator.  8vo.  Brisbane, 
1880. 

Duff,  P.  A.  Ramble  among  the  Eossiliferous  Beds  of  Moray.  Eol. 
Elgin?,  1859.    Presented  by  H.  B.  Woodward,  Esq.,  F.G.S. 

Duncan,  P.  M.  Scientific  Results  of  the  Second  Yarkand  Mission, 
based  upon  the  Collections  and  Notes  of  the  late  Ferdinand 
Stoliczka.  Syringosphseridse.  4to.  Calcutta,  1879.  Presented  by 
the  India  Office. 

Duncan,  P.  M.  An  Abstract  of  the  Geology  of  India.  Third 
edition.    Fol.    London,  1881. 

 ,  and  W.  Percy  Bladen.    A  Memoir  on  the  Echinodermata  of 
the  Arctic  Sea  to  the  West  of  Greenland.  4to.   London,  1881. 

Eichwald,  E.  De  pecorum  et  pachydermorum  reliquiis  fossilibus, 
in  Lithuania,  Yolhynia  et  Podolia  repertis.  4to.  Bonn,  1835. 
Purchased. 

England  and  Wales.  Geological  Survey.  Memoirs.  Figures  and  De- 
scriptions illustrative  of  British  Organic  Remains.  Decade  XIII. 

4to.    London,  1872. 

English  Channel.  Pilote  de  la  Manche.  Cote  nord  de  France,  par 
E.  de  Courthille  avec  le  concours  de  F.  Hedouin.  Tome  I.  8vo. 
Paris,  1880.    Presented  by  the  Depot  de  la  Marine. 

Etheridge,  R.,  jun.  A  Catalogue  of  Australian  Fossils  (including 
Tasmania  and  the  Island  of  Timor),  stratigraphically  and  zoolo- 

gically arranged.    8vo.    Cambridge,  1878.  Purchased. 

Evans,  John.   The  Ancient  Bronze  Implements,  Weapons,  and  Orna 
ments  of  Great  Britain  and  Ireland.   4to.   London,  1881. 
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Evington  Coal-Boring  Company,  Limited.  Prospectus.  [Containing 
Reports  by  R.  Etheridge  and  James  Plant.]  Eol.  Leicester, 
1878  ?    Presented  by  W.  WhitaJcer,  Esq.,  F.G.S, 

Falsan,  A.,  and  E:  Chantre.  Monographic  geologique  des  Anciens 
Glaciers  et  dn  Terrain  Erratique  de  la  partie  movenne  du  Basin 
du  Rhone.  Text,  2  vols,  8vo.,  1879-80.  Atlas,  fol.,  1875. 
Lyon. 

Favre,  Ernest.  Revue  geologique  Suisse  pour  Fannee  1880.  XI. 
8vo.    Geneva,  1881. 

Festenberg-Packisch,  Hermann.  Der  metallische  Bergbau  Nieder- 
schlesiens  unter  beniitzung  amtlicher  Quellen  in  geognostischer, 
historischer  und  technischer  Beziehung.  8vo.  Yienna,  1881. 
Purchased. 

Figari,  Antonio.  Studii  scientifici  sull'  Egitto  e  sue  adiacenze  com- 
presa  la  penisola  dell'  Arabia  Petrea.  2  vols.  8vo.  Lucca,  1864- 
65.    Presented  by  H.  Bauerman,  Esq.,  F.G.S. 

Finlands  Geologisha  Under sokning.  Beskrifning  till  Kartbladet 
No.  2,  af  K.  Ad.  Moberg.    8vo.    Helsingfors,  1880. 

Fleming,  John.  The  Lithology  of  Edinburgh.  Edited,  with  a  Me- 
moir, by  the  Rev.  John  Duns.  8vo.  Edinburgh,  1859.  Pur- 

chased. 

Tontannes,  F.  Description  des  Ammonites  des  calcaires  du  Chateau 
de  Crussol,  Ardeche.    4to.    Lyon,  1879.  Purchased. 

Foote,  R.  Bruce.  On  the  Geology  of  parts  of  the  Madras  and  North 
Arcot  Districts  lying  north  of  the  Palar  River,  and  included  in 
Sheet  78  of  the  Indian  Atlas.    8vo.    Calcutta,  1873. 

 .  The  Auriferous  Rocks  of  the  Dambal  Hills,  Dharwar  Dis- 
trict.   8vo.    Calcutta,  1874. 

 .    The  Geological  Features  of  the  South  Mahratta  Country  and 
the  adjacent  Districts.    8vo.    Calcutta,  1876. 

 .    Notes  on  the  Representatives  of  the  Upper  Gondwana  Series 
in  Trichinopoly  and  Nellore-Kistna  Districts.  8vo.  Calcutta, 
1878. 

■  .  On  the  Geological  Structure  of  the  Eastern  Coast  from  Lati- 
tude 15°  northward  to  Masulipatam.    8vo.    Calcutta,  1879. 

 .    Rough  Notes  on  the  Cretaceous  Fossils  from  Trichinopoly 
District,  collected  in  1877-78.    8vo.    Calcutta,  1879. 

 .  Sketch  of  the  Geology  of  North  Arcot  District.  8vo.  Cal- 
cutta, 1879. 

Forrest,  Alex.  North-west  Exploration.  Journal  of  expedition 
from  De  Grey  to  Port  Darwin.  4to.  Perth,  Western  Australia, 
1880.    Presented  by  the  Governor  of  Western  Australia. 
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France.  Carte  geologique  detaillee  de  la  France.  Memoires.  Mine- 
ralogie  Micrographique :  Roches  Eruptives  Francaises,  par  F. 
Fouque  et  A.  M.  Levy.  4to.  Paris,  1879.  Text  and  Atlas. 
Purchased. 

 .   .   .    Le  pays  de  Bray,  par  A.  de  Lapparent.  4to. 
Paris,  1879. 
 .   .   .   .  Purchased. 

 .   .   .    Notice  explicative.    Feuilles  9,  23,  34,  50, 
67,  69,  78,  93,  113,  122,  137,  213  bis,  225  bis,  237.  (In  slips.) 
]  881.  Purchased. 

Fritsch,  A.  Fanna  der  Gaskohle  und  der  Kalksteine  der  Permfor- 

mation  Bohmens.    Band  I.  Hefte  2  und  3. '  4to.   Prag,  1880-81. 
Gaudry,  A.  Sur  un  Reptile  tres  perfectionne,  trouve  dans  le  terrain 

permien.    4to.    Paris,  1880. 

 .    Sur  un  nouveau  genre  de  poisson  primaire.    4to.  Paris, 
1881. 

Geikie,  A.  Outlines  of  Field  Geology.  8vo.  London,  1876.  Pre- 
sented by  W.  WhitaJcer,  Esq.,  F.G.S. 

Geikie,  J".  Prehistoric  Europe :  a  geological  sketch.  8vo.  London, 1881.  Purchased. 

Geinitz,  E.  B.  Nachtrage  zur  Dyas.  I.  Mit  Beitragen  der  Herren 
Drude,  Vetter  und  Weiss.    4to.    Cassel,  1880. 

Geyler,  H.  T.    Phytopalaeontologie.   8vo.   ,  1878.  Presented 
by  W.  WJiitaJcer,  Esq.,  F.G.S. 

Giebel,  C.  G.  Die  Saugethiere  in  zoologischer,  anatomischer  und 
palaontologischer  Beziehung.  2nd  edition.  8vo.  Leipzig,  1859. 
Purchased. 

Gilpin,  E.  The  Mines  and  Mineral  Lands  of  Nova  Scotia.  8vo. 
Halifax,  N.S.,  1880. 

Goodyear,  W.  A.  Earthquake  and  Volcanic  Phenomena,  December 
1879  and  January  1880,  in  the  Republic  of  Salvador,  Central  Ame- 

rica.   870.    Panama,  1880.    (Two  copies.) 

Gosse,  Philip  Henry.  Omphalos :  an  attempt  to  untie  the  geological 
knot.    8vo.    London,  1857.  Purchased. 

Gosselet,  J.  Constitution  geologique  du  Cambresis.  8vo.  Cambrai? 
1865.    Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 

 .    Esquisse  geologique  du  departement  du  Nord  et  des  contrees 
voisines.  Fasc.  1  et  2.  8vo.  Lille,  1873-76.  Presented  by  W. 
WhitaJcer,  Esq.,  F.G.S. 

Gosselet,  J.  Le  terrain  devonien  des  environs  de  Stolberg.  8vo. 
Lille,  1876. 

— .  Relations  des  sables  d'Anvers  avec  les  systemes  Diestien  et 
Bolderien.    8vo.    Lille,  1876. 
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Gosselet,  J.  Compte-rendu  de  l'excursion  dans  les  Ardennes  du  23 
aout  au  5  septembre  1876.    8vo.    Lille,  1877. 

 .    Quelques  reflexions  sur  la  structure  et  l'age  du  terrain houiller  du  Nord  de  la  France  a  Foccasion  du  Memoire  de  M. 

Breton  et  de  celui  de  M.  l'Abbe  Boulay.    8vo.    Lille,  1877. 
 .    Sur  quelques  fossiles  trouves  dans  le  silurien  des  Ardennes. 

8vo.    Lille,  1877. 

 .    Apercu  sur  la  constitution  geologique  de  la  Eoret  de  Mormal. 
8vo.    Lille,  1878. 

 .    Excursion  dans  les  tranchees  du  chemin  de  fer  de  Cambrai 
au  Quesnoy.    8vo.    Lille,  1878. 

 .    Le  marne  de  la  Porquerie  (eocene  inferieur).    8vo.  Lille, 
1878. 

 .    Le  calcaire  devonien  superieur  dans  le  N.-E.  de  Farrondisse- 
ment  d'Avesnes  et  documents  pour  l'etude  des  schistes  de  Eamenne. 
8vo.    LiUe,  1878. 

 .  Documents  nouveaux  pour  l'etude  du  Eamennien.  Tran- chees du  chemin  de  fer  entre  Eeron  et  Semeries.  Schistes  de  Sains. 
8vo.    Lille,  1879. 

 .  Le  calcaire  de  Givet.  3me  et  4me  parties,  suivies  de  consi- 
derations sur  la  terminaison  orientale  de  la  grand  faille.  8vo. 

Lille,  1879. 

 .    L'argile  a  silex  de  Yervins.    8vo.    Lille,  1879. 
 .    La  roche  k  Eepin.    Contact  du  terrain  silurien  et  du  terrain 

devonien  sur  les  bords  de  la  Meuse.    8vo.    Lille,  1879. 

 .    Notice  necrologique  sur  Jean-Baptiste- Julien  d'Omalius 
d'Halloy.    8vo.    Lille,  1879. 

 .    De  l'usage  du  droit  de  priorite  et  de  son  application  aux 
noms  de  quelques  Spiriferes.    8vo.    Lille,  1880. 

 .    Les  roches  cristallines  des  Ardennes.    8vo.    Lille,  1880. 

 .    Notes  sur  les  sables  tertiaires  du  Plateau  de  l'Ardenne.  Lille, 
1881. 

 .    Terrain  diluvien  de  la  Vallee  de  la  Somme.    8vo.  Lille, 
1880. 

 .    Troisieme  note  sur  le  Eamennien.    Tranchee  du  chemin  de 
fer  du  Luxembourg.   Les  schistes  de  Barvaux.   8vo.   Lille,  1880. 

.  .    Esquisse  geologique  du  Nord  de  la  Erauce  et  des  contrees 
voisines.  ler  fascicule.  Terrains  primaires.  Text  and  Plates.  8vo. 
Lille,  1880. 

 et  Henri  Bigaux.    Mouvement  du  sol  de  la  Elandre  depuis  les 
temps  geologiques.    8vo.    Lille,  1878. 

Gotthard  Tunnel.   Geologische  Tabellen  und  Durchschnitte  iiber  den 
Grossen  Gotthardtunnel.  Lief.  4-6.  4to.  Zurich,  1877-79.  Pur 
chased. 
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Gregorio,  Antonio  de.  Fauna,  cli  S.  Giovanni  Ilarione  (Parisiano). 
Parte  le.  Cefalopodi  e  Gasteropodi.  Fase.  1.  4to.  Palermo, 1880. 

Giimbel,  C.  W.  Geognostische  Mittheilungen  aus  den  Alpen.  VII. 
8vo.    Munich,  3  880. 

 .    Nachtrage  zu  den  Mittheilungen  iiber  die  Wassersteine 
(Enhydros)  yon  Uruguay  und  iiber  einige  slid-  und  mittel-ameri- 
kanische  sogenannten  Andesite.    8vo.    Munich,  1881. 

Giinther,  A.  C.  L.  G.  An  Introduction  to  the  Study  of  Fishes.  8vo. 
Edinburgh,  1880.  Purchased. 

Gutch's  Literary  and  Scientific  Register  and  Almanack  for  the  year 
1867.  (Geology,  by  J.  E.  Jukes.)  12mo.  London,  1866.  Presented 
by  W.  Whitaker,  Esq.,  F.G.S. 

Habenicht,  H.  Die  Grundziige  im  geologischen  Bau  Europa's,  mit 
einer  Karte,  "Die  Verbreitung  der  Eruptiv-  und  Uebergangs- 
gesteine  in  Europa,"  und  fiinf  Nebenkarten.    8vo.   Gotha,  1881. 

vHahn,  Otto.  Die  Meteorite  (Chondrite)  und  ihre  Organismen.  4to. 
Tubingen,  1880.  Purchased. 

Haniel,  John.  Die  Flotzlagerung  in  der  Stoppenberger  und  Horst- 
Hertener  Mulde  des  Westfalischen  Steinkohlengebirges.  4to. 
Essen,  1881.  Purchased. 

Hann,  J.,  F.  v.  Hochstetter  und  A.  Pokorny.  Allgemeine  Erdkunde. 
Ein  Leitfaden  der  astronomischen  Geographie,  Meteorologie,  Geo- 
logie  und  Biologic    8vo.    Prague,  1872.  Purchased. 

Hawes,  G.  W.  The  Albany  Granite,  New  Hampshire,  and  its  con- 
tact phenomena.    8vo.    New  Haven,  1881. 

Hebert,  E.  Histoire  geologique  du  canal  de  la  Manche.  4to.  Paris, 
1880. 

 .    Recherches  sur  la  craie  superieure  du  versant  septentrional 
des  Pyrenees.    4to.    Paris,  1880. 

 .    Nomenclature  et  classification  geologiques.     8vo.  Paris, 
1881. 

Heer,  O.  Flora  fossilis  Artica.  Band  2.  4to.  Winterthur,  1871. 
Purchased. 

 .   .    Band  6.    1  Abth.    4to.    Zurich,  1880.  Purchased. 

Hicks,  Henry.  On  some  recent  researches  among  Pre-Cambrian 
Rocks  in  the  British  Isles.    8vo.    London,  1881. 

Hill,  E.,  and  T.  G.  Bonney.  The  Precarboniferous  Rocks  of  Charn 
wood  Forest.    Part  1.    8vo.    London,  1877. 

 .   .    Part  2.    8vo.    London,  1878. 

 .   .    Part  3.    8vo.    London,  1880. 

Hinde,  G.  J.  Fossil  Sponge-spicules  from  the  Upper  Chalk,  found 
in  the  interior  of  a  single  flint-stone  from  Horstead  in  Norfolk. 
8vo.    Munich,  1880. 
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Hitchcock,  E.    The  Beligion  of  Geology.    8vo.    London,  1851. 
Purchased. 

Homes,  R.  Die  Trilobiten-Gattungen  Phacops  und  Dalmanites 
und  ihr  vermuthlicher  genetischer  Zusammenhang.  8vo.  Vienna, 
1880. 

 .    Materialien  zu  einer  Monographie  der  Gattung  Megalodus 
mit  besonderer  beriicksichtigung  der  raesozoischen  Formen.  4to. 
Vienna,  1880. 

 und  M.  Auinger.    Die  Gasteropoden  der  Meeres-ablagerungen 
aer  ersten  und  zweiten  miocanen  Mediterran-stufe  in  der  oster- 
reichisch-ungarischen  Monarchic  Parts  1  &  2.  4to.  Vienna, 
1879-80. 

Holm,  G.    Anteckningar  om  Wahlenbergs  Illcenus  crassicauda.  8vo. 
Stockholm,  1880. 

 .    Bemerkungen  iiber  Illcenus  crassicauda.  8vo.  Berlin,  1 880. 

Hudleston,  W.  H.  Contributions  to  the  Palaeontology  of  the  York- 
shire Oolites.    8vo.    London,  1881. 

Hull,  E.  On  the  Geological  Structure  of  the  Northern  Highlands  of 
Scotland  ;  being  notes  of  a  recent  tour.   8vo.    Dublin,  1881. 

 .    The  Coalfields  of  Great  Brirain ;  their  History,  Structure, 
and  Eesources.    Fourth  edition.    8vo.    London,  1881. 

Idria.  K.-k.  Bergdirection.  Das  k.-k.  Quecksilberwerk  zu  Idria  in 
Kxain.  4to.  Vienna,  1881.  Presented  by  the  K.-k.  Ackerbaumi- 
nisterium,  Vienna. 

Illinois.  Geological  Survey.  Eeport.  Vol.  3,  by  A.  H.  Worthen, 
H.  Engelmann,  H.  C.  Freeman,  H.  M.  Bannister,  and  F.  B.  Meek. 
4to.  Springfield,  111.,  1868.  Presented  by  the  late  Br.  J.  J.  Bigsby, 
F.R.S.,  F.G.S. 

 .   .   .    Vol.  4,  by  A.  H.  "Worthen,  H.  M.  Bannister, F.  H.  Bradley,  H.  A.  Green,  J.  S.  Newberry,  and  Leo  Lesquereux. 
4to.  Springfield,  111.,  1870.  Presented  by  the  late  Dr.  J,  J.  Bigsby, 
F.R.S.,  F.G.S. 

 .   .   .    Vol.  5,  by  A.  H.  Worthen,  J.  Shaw,  and  F. 
B.  Meek.    4to.    Springfield,  111.,  1873.    Presented  by  the  late 
Dr.  J.  J.  Bigsby,  F.R.S.,  F.G.S. 
 .   .   .   Vol.  6,  by  A.  H.  Worthen,  G.  C.  Broadhead, 

E.  T.  Cox,  O.  St.  John,  and  F.  B.  Meek.    4to.    Springfield,  111., 
1875.    Presented  by  the  late  Dr.  J.  J.  Bigsby,  F.R.S.,  F.G.S. 

India.    Geological  Survey.    Memoirs.    Vol.  xv.   Part  2.  1880. 
 .   .   .    Vol.  xvii.  Part  1.  1880. 
 .   .    Palseontologia  Indica.  Ser.  10.  Indian  Tertiary  and 

Post-tertiary  Vertebrata.    Vol.  i.  Part  4.   Supplement  to  Crania 
of  Euminants,  by  E.  Lydekker.  1880. 
 .   .   .   Ser.  10.  Vol.  i.  Part  5.   Siwalik  and  Narbada 

Proboscidia,  by  E.  Lydekker.  1880. 
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India.     Geological   Survey.      Palaoontologia    Indica.      Ser.  13. 
Salt-Range  Fossils,  by  W.Waagen.    Part  2.  1880. 
 .   .    Records.    Vol.  xiii.  Parts  3  &  4.  1880. 
 .   .   .    Vol.  xiv.  Parts  1  &  2.  1881. 

Indiana.  Department  of  Statistics  and  Geology  of  the  State  of  In- 
diana.   First  Annual  Report,  1879.    8vo.    Indianopolis,  1880. 

Jack,  R.  L.  Report  on  the  Geology  and  Mineral  Resources  of  the 
District  between  Charters  Towers  Goldfield  and  the  Coast.  4to. 
Brisbane,  1879. 

 .    Report  to  the  Honourable  the  Minister  for  Mines  on  the 
Bowen  River  Coalfield.    4to.    Brisbane,  1879. 

Jeffreys,  J.  Givyn.  The  French  Deep-sea  Exploration  in  the  Bay 
of  Biscay.    8vo.    London,  1880. 

 .    Deep-sea  Exploration.    8vo.    London,  1881. 

Jervis,  G.    Dell'  Oro  in  Natura.    8vo.    Turin,  1880. 
Jones,  T.  Rupert.  Unio  and  Paludince  from  the  Wealden  Beds  of 

Kent,  in  the  collection  of  Mr.  W.  Harris  of  Charing.  8vo.  London, 
1860. 

 .    Note  on  the  Well  lately  sunk  at  Wokingham,  Berkshire. 
8vo.    London,  1880. 

 .    Report  of  the  Excursion  of  the  Geologists'  Association  to 
Camberley,  April  24,  1880.    8vo.-  London,  1880. 

 .   Fossil  Foraminifera  of  the  Carboniferous  Limestone.  (Review 
of  Memoirs  by  Y.  von  Moller.)    Slip.    London,  1881. 

 .  Od  the  Geology  and  Physical  Features  of  the  Bagshot  Dis- 
trict.   8vo.  London,  1881. 

Julien,  A.  A.  On  Biotite  as  a  Pseudomorph  after  Olivine.  8vo. 
New  York,  1878. 

 .    On  the  Geological  Action  of  the  Humus  Acids.  8vo.  Salem, 
1880. 

Karsten,  G.  Beitrage  zur  Landeskunde  der  Herzogthumer  Schleswig 
undHolstein  Reihe2.  Heftelund2.  4to.  Berlin,  1869  &  1872. 
Purchased. 

Kobell,  V.  Obituary  notices  of  Johann  von  Lamont,  Carl  Friedrich 
Mohr,  Heinrich  Wilhelm  Dove,  Aug.  Heinrich  Rudolph  Grisebach, 
Bernhard  v.  Cotta,  and  J.  F.  Brandt.    8vo.    Munich,  1880. 

 .    Leber  Polarisationsbilder  an  Zwilliugen  zweiaxiger  Kry- 
stalle.    8vo.    Munich,  1880. 

Kuntze,  O.  Ueber  Geysirs  und  nebenan  entstehende  verkieselte 
Baume.    4to.    Stuttgart,  1880. 

Leidy,  J.  Bathygnathus  horealis,  an  extinct  Saurian  of  the  New 
Red  Sandstone  of  Prince  Edward's  Island.  4to.  Philadelphia, 
1881. 
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Leidy,  J.    Bemarks  on  Baihygnaihus  borealis.    4to.  Philadelphia, 
1881. 

Locard,  A.  Nouvelles  recherches  sur  les  argiles  lacustres  des  ter- 
rains quaternaires  des  environs  de  Lyon.  8vo.  Lyon,  1880. 

Purchased. 

Loretz,  H.    Ueber  Schieferung.    8vo.   Frankfurt  a.  M.,  1880. 

Macpherson,  J.  Uniclinal  Structure  of  the  Iberian  Peninsula.  8vo. 
Madrid,  1880. 

Maestre,  Amaleo.  Descripcion  geologica  industrial  de  la  cuenca  car- 
bonifera  de  San  Juan  de  las  Abadesas  en  la  Provincia  de  Gerona. 
4to.    Madrid,  1855.  Purchased. 

Mallet,  F.  R.  On  the  Ferruginous  Beds  associated  with  the  Basaltic 
Rocks  of  North-eastern  Ulster,  in  relation  to  Indian  Laterite. 
8vo.    Calcutta,  1881. 

Marcou,  Jules.  Sur  les  colonies  dans  les  roches  taconiques  des  bords 
du  lac  Champlain.    8vo.    Paris,  1881. 

Marsh,  0.  C.  Notice  of  Jurassic  Mammals  representing  two  new 
Orders.    8vo.    New  Haven,  1880. 

 .    The  Sternum  in  Dinosaurian  Reptiles.    8vo.    New  Haven, 
1880. 

 .    A  new  Order  of  extinct  Jurassic  Reptiles  (Cceluria).  8vo. 
New  Haven,  1 881. 

 .    Discovery  of  a  fossil  Bird  in  the  Jurassic  of  Wyoming.  8vo. 
New  Haven,  1881. 

— — .    Note  on  American  Pterodactyls.    8vo.    New  Haven,  1881. 

 .    Principal  Characters  of  American  Jurassic  Dinosaurs.  Part 
IY.  Spiral  Cord,  Pelvis,  and  Limbs  of  Stegosaurus.  8vo.  New 
Haven,  1881. 

Martin,  K.    Die  Tertiarschichten  auf  Java.    4to.    Leiden,  1880. 
Purchased. 

Mathews,  W.  The  Flora  of  Algeria,  considered  in  relation  to  the 
Physical  History  of  the  Mediterranean  Region  and  supposed  Sub- 

mergence of  the  Sahara.    8vo.    London,  1880. 

Mawe,  John.  Travels  in  the  Gold  and  Diamond  Districts  of  Brazil. 
8vo.    London,  1825.  Purchased. 

Meli,  Bomolo.    Sui  dintorni  di  Civitavecchia.    4to.    Rome,  1879. 

Meneghini,  G.  Fossili  oolitici  di  Monte  Pastello  nella  provincia  di 
Verona.    8vo.    Pisa,  1880. 

 .    Nuovi  fossili  siluriani  di  Sardegna.    4to.    Rome,  1880. 

Mercey,  iV.  de.  Sur  un  sonclage  exe'cute  a  Saint-Blimont  (Somme). 8vo.    Amiens,  1879. 
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Mercey,  N.  de.  Composition  des  sables  de  Bracheux  efc  mode  d'origine 
de  l'argile  plastique,  premier  produit  d'une  emanation  terminee  par 
le  depot  dn  calcaire  de  Mortemer,  d'apres  des  coupes  du  chemin 
de  fer  de  Compiegne  (Oise)  a  Roye  (Somme).    8vo.    Paris,  1880. 

 .    Compte-rendu  du  course  de  la  Societe  geologique  de  France 
a  Maignelay  le  samedi  7  septembre  1878.    8vo.    Paris,  1880. 

 .  Note  sur  la  confusion  resultant  de  1'emploi  de  la  denomina- 
tion d'argile  a  silex  applique'e  a  deux  depots  places,  l'un  a  la  base, 

et  l'autre  au  sommet  de  la  serie  tertiaire  du  Nord  de  la  France.  8vo. 
Lille,  1880. 

 .    Observations  a,  l'occasion  de  quelque  travaux  publies  dan 
les  Annales  de  la  Societe  geologique  du  Nord  sur  le  quaternaire 
ancien.    8vo.    Lille,  1880. 

 .    liemarques  sur  la  classification  du  terrain  cretace  superieur. 
8vo.    Paris,  1880. 

 .    Sur  les  couches  de  Sinceny.    8vo.    Paris,  1880. 

Minnesota.  Geological  and  Natural-History  Survey.  Sixth  Annual 
Report,  for  the  year  1877.  8vo.  Minneapolis,  1878.  Presented 
by  Prof.  JY.  H.  Winchell,  State  Geologist. 

 .   .    Seventh  Annual  Report,  for  the  year  1878.  8vo. 
Minneapolis,  1879.  Presented  by  Prof.  N.  H.  Winchell,  State 
Geologist. 

 .   .    Eighth  Annual  Report,  for  the  year  1879.  8vo. 
Saint  Paul,  1880.    Presented  by  the  State  Geologist. 

Mojsisovics,  E.  v.,  E.  Tietze,  und  A.  Bittner.  Grundlinien  der  Geo- 
logie  von  Bosnien-Bercegovina.    8vo.    Yienna,  1880. 

 .    Leber  heteropische  Yerhaltnisse  im  Triasgebiete  der  lom- 
bardischen  Alpen.    8vo.    Yienna,  1880. 

Morris,  John.    Coal ;  its  Geological  and  Geographical  Position.  8vo. 
London,  1862.  Presented  by  Prof.  T.  Rupert  Jones,  F.B.S., 

.  F.G.S. 

Morton,  G.  PL  The  Carboniferous  Limestone  and  Cefn-y-fedw  Sand- 
stone of  the  Country  between  Llanymynech  and  Minera,  North 

Wales.    8vo.    London,  1879.  Purchased. 

Mourlon,  Michel.  Geologie  de  la  Belgique.  2  vols.  8vo.  Brussels, 
1880  &  1881. 

 .   .   .  Purchased. 

Murray,  Alex.  Report  on  the  Gold  Region  near  Brigus,  Conception 

Bay,  Newfoundland.    Fol.    St.  John's,  1880. 
Nathorst,  A.  G.  Berattelse,  afgifven  till  Kongl.  Yetenskaps-Akade- 

mien,  om  en  med  understod  af  allmanna  medel  utford  vetenskaplig 
resa  till  England.  8vo.  Stockholm,  1880.  Presented  by  C.  Reid, 
Esq.,  F.G.S. 
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Naumann,  C.  F.  Lehrbuch  der  Geognosie.  Palaontologischer  Atlas. 
70  Tafeln.    4to.    Leipzig,  n.  d.  Purchased. 

New  Jersey.  Geological  Survey.  Annual  Report  for  the  year  1880. 
8vo.    Trenton,  N.  J.,  1880.  (G.  H.  Cook,  State  Geologist.) 

New  South  Wales.  Department  of  Mines.  Annual  Report  for  1878. 
4to.    Sydney,  1879. 

 .   .   ■  for  1879,  and  Maps.    4to.    Sydney,  1880. 

 .    Report  upon  certain  Museums  for  Technology,  Science,  and 
Art,  also  upon  Scientific,  Professional,  and  Technical  Instruction 
and  Systems  of  Evening  Classes  in  Great  Britain  and  on  the  Con- 

tinent of  Europe.    By  A.  Liversidge.    Fol.    Sydney,  1880. 

New  York,  Natural  History  of.  Palaeontology.  Vol.  V.  Part  2 
(Text  and  Plates).   By  James  Hall.   4to.    Albany,  1879. 

New  Zealand.  Colonial  Museum  and  Geological  Survey  Department. 
Manual  of  the  New-Zealand  Mollusca.  By  F.  W.  Hutton.  8vo. 
Wellington,  1880. 

 .   .    Palaeontology  of  New  Zealand.  Part  IV.  Corals  and 
Bryozoa  of  the  Neozoic  Period  in  New  Zealand.  By  J.  E.  Tenison 
Woods.    8vo.    Wellington,  1880. 

 .  Colonial  Museum.    Meteorological  Report,  1880 :  including 
returns  for  1877,  1878,  1879,  and  averages  for  previous  years. 
8vo.    Wellington,  1882. 

 .   .    15th  Annual  Report.    8vo.    Wellington,  1880. 

New-Zealand  Court,  International  Exhibition,  Sydney,  1879.  Ap- 
pendix to  Official  Catalogue.  8vo.  Wellington,  1880.  Pre- 

sented by  the  Colonial  Government.  \ 

Nicholson,  H.  A.  On  the  Structure  and  Affinities  of  the  Genus 
Monticulipora  and  its  Subgenera,  with  critical  Descriptions  of 
illustrative  Species.    8vo.    Edinburgh,  1881. 

"  Norwegian  North- Atlantic  Expedition."  Den  Norske  Nordhavs- 
Expedition,  1876-1878.  Chemi  af  H.  Tornoe.  4to.  Christiania, 
1880.    Presented  by  the  Meteorological  Institute,  Christiania. 

 .   .    Zoology.    Fiske,  af  R.  Collett.    4to.  Christiania, 
1880.    Presented  by  the  Meteorological  Institute.  Christiania. 

Ornboni,  G.  Denti  di  Ippopotamo  da  aggiungersi  alia  fauna  fossile 
del  Veneto.    4to.  Venice,  1880. 

Ormathwaite,  John  Lord.  Astronomy  and  Geology  compared.  8vo. 
London,  1872.  Purchased. 

Paleontologie  frangaise.  lre  Serie.  Animaux  invertebres.  Terrain 
Jurassique.  Tome  III.  Livr.  3  et  9.  Gasteropodes.  8vo.  Paris  ? 
Purchased. 

 .  .  .  .    Livr.  44-46.   Echinodermes  reguliers 
par  G.  Cotteau.    8vo.    Paris,  1880-81.  Purchased. 
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Parker,  J.  Map  and  Sections  of  Strata  south  of  Oxford,  prepared 
for  the  meeting  of  the  Excursion  of  the  Geological  Association 
May  17,  1880.  8vo.  Oxford,  1880.  Presented  by  W.  Whitaker, 
Esq.,  F.G.S. 

Pengelly,  W.  Notes  on  Boulders  and  Scratched  Stones  in  South 
Devon.    Part  3.    8vo.    Plymouth,  1880. 

 .    Notes  on  recent  Notices  of  the  Geology  and  Palaeontology  of 
Devonshire.   Part  7.   8vo.   Plymouth,  1880. 

 .  Sixteenth  and  concluding  Eeport  of  the  Committee,  consist- 
ing of  John  Evans,  Sir  John  Lubbock,  Bart.,  Edward  Vivian,  G. 

Busk,  W.  Boyd  Dawkins,  W.  A.  Sanford,  J.  E.  Lee,  and  W.  Pen- 
gelly, appointed  for  the  purpose  of  exploring  Kent's  Cavern,  De- vonshire.   8vo.    London,  1880. 

Percy,  C.  M.  Winding  and  Overwinding.    8vo.  Wigan,  1880. 

Pettersen,  Karl.    Lofoten  og  Vesteraalen.    8vo.    Christiania,  1881. 

Piret,  F.  M.  La  fontaine  ardente  de  Saint-Barthelemy  (Isere).  Gas 
naturel,  Charbon,  Petrole.    8vo.    Grenoble,  1881. 

Ponzi,  O.  I  terremoti  delle  epoche  subappennine.  8vo.  Rome, 
1880. 

 .    Sui  lavori  del  Tevere,  e  sulle  variate  condizioni  del  suolo 
romano.    4to.    Rome,  1880. 

Preussen  und  die  thiiringische  Staaten.  Geologische  Specialkarte. 
Erlauterungen.  Gradabtheilung  67.  Nos.  53,  54,  59,  60.  8vo. 
Berlin,  1880.  Presented  by  the  Prussian  Minister  of  Manu- 

factures, Trade,  and  Arts. 

 .   .   .    Gradabtheilung  68.    Nos.  49  &  55.    8vo.  ' Berlin,  1880.    Presented  by  the  Prussian  Minister  of  Manufactures 
<SfC. 

 .   .   .    Gradabtheilung  80.    Nos.  19,  20,  25,  26, 
31,  32.    8vo.    Berlin,  1880.    Presented  by  the  Prussian  Minister 
of  Manufactures  fyc. 

Quenstedt, E.  A.  Petrefactenkunde  Deutschlands.  Abth.l.  Band  VI. 
Heft  5  (Korallen).  Text,  8vo  ;  Atlas,  4to.  Leipzig,  1880.  Pur- 
chased. 

 .   .    Abth.  1.    Band  VI.    Heft  6  (Korallen,  Heft  11). 
Text,  8vo  ;  Atlas,  fbl.    Leipzig,  1880.  Purchased. 

Reade,  T.  M.  A  Problem  for  Irish  Geologists  in  Postglacial  Geology. 
8vo.    Dublin,  1879. 

 .    Oceans  and  Continents.    8vo.    London,  1880. 

 .    The  Glacial  Beds  of  the  Clyde  and  Eorth.    8vo.  Liverpool, 
1880. 

Reinsch,  Paulus  Friedrich.    Neue  Untersuchungen  iiber  die  Mikro- 
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struktur  der  Steinkohle  des  Carbon,  der  Dyas  und  Trias.  4to. 
Leipzig,  1881.  Purchased. 

Renault,  B.  Cours  de  botanique  fossile  fait  au  Museum  d'Histoire 
naturelle.    Premiere  Annee.    8vo.    Paris,  1881.  Purchased. 

Renevier,  E.  Orographie  de  la  partie  des  Hautes  - Alpes  calcaires 
comprise  entre  le  Rhone  et  le  Rawyl  (groupes  des  Diablerets  et 
du  Wildhorn).    8vo.    Lausanne,  1880. 

 .    Rapport  sur  la  marche  du  Musee  geologique  vaudois  en 
1879.    8vo.    Lausanne,  1880. 

■  .    Seconde  compte-rendu  de  la  Commission  geologique  interna- 
tionale  pour  I'uniflcation  des  procedes  graphiques.  8vo.  Lausanne, 1881. 

Reyer,  E.    Allgemeine  Geschichte  des  Zinnes.   8vo.  Vienna,  1880. 

 .    Die  Bewegung  im  Festen.    4to.    Stuttgart,  1880. 

 .    Zinn  :    Eine   geologisch-montanistisch-historische  Mono- 
grafie.    8vo.    Berlin,  1881. 

RicJcetts,  C.  On  the  Carboniferous  Limestone  near  Skipton  and  in 
North  Derbyshire.    8vo.    Liverpool,  1880. 

Riviere,  Emile.  Paleoethnologie.  De  l'antiquite  de  l'homme  dans 
les  Alpes-Maritimes.    Livr.  7.    4to.    Paris,  1879.  Purchased. 
 .   .  .    Livr.  8.    4to.    Paris,  1881.  Purchased. 

Ruskin,  J.  Deucalion.  Collected  Studies  of  the  Lapse  of  Waves 
and  Life  of  Stones.    Part  VII.  8vo.  Sunnyside,  Orpington,  1880. 

Rutot,  A.,  et  E.  van  den  Broech.  Les  phenomenes  post-tertiaires  en 

Belgique  dans  leurs  rapports  avec  l'origine  des  depots  quaternaries 
et  modernes.    8vo.    Lille,  1880. 

Sandberger,  F.  Ein  Beitrag  zur  Kenntniss  der  unterpleistocanen 
Schichten  Englands.    4to.    Cassel,  1880. 

 .  Ueber  die  Bildimg  von  Erzgangen  mittelst  Auslaugung  des 
Nebengesteins.    8vo.    Berlin,  1880. 

Saporta,  G.  de,  et  A.  F.  Marion.  L'evolution  du  regne  vegetal. 
Les  Cryptogames.    8vo.    Paris,  1881. 

Sartorius  von  Waltershausen,  *W  .  Der  Aetna.  Herausgegeben,  selbst- standig  bearbeitet  und  vollendet  von  A.  von  Lasaulx.  Band  I.  & 
II.    4to.    Leipzig,  1880.  Purchased. 

Sauvage,  H.  E.  Recherches  sur  les  poissons  fossiles  du  terrain 
cretace  de  la  Sarthe.    8vo.    Paris,  1872. 

 .    Notes  sur  les  reptiles  fossiles.    8vo.    Paris,  1873. 

 .    Notice  sur  les  poissons  tertiaires  de   FAuvergne.  8vo. 
Toulouse,  1874. 

*  .    Notes  sur  les  reptiles  fossiles.    8vo.    Paris,  1876. 
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Sauuage,  H.  E..  Sur  les  Lepidotus  palliatus  et  Sphcerodus  gigas. 
8vo.  Paris,  1877. 

 .    Etude  sur  les  poissons  et  les  reptiles  des  terrains  cretace 

et  jurassique  superieur  de  l'Yonne.    8vo.    Auxerre,  1880  (?). 
 .    Etude  sur  les  poissons  des  faluns  de  Bretagne.  4to.  Chalon- 

sur-Saone,  1880. 

Saxony.  Geologische  Landesuntersuchung  des  Konigreichs  Sachsen. 
Erlauterungen  zur  geologischen  Specialkarte.  Blatt  28,  75,  &  115. 
8vo.    Leipzig,  1880. 

Schmid,  E.  E.  Die  quarzfreien  Porphyre  des  centralen  Thiiringer 
Waldgebirges  und  ihre  Begleiter.    4to.    Jena,  1880.  Purchased. 

Schmidt,  A.  Die  Zinkerz-Lagerstatten  von  Wiesloch  (Baden).  8vo. 
Heidelberg,  1881. 

Schmidt,  Oscar.  Die  Spongien  des  Meerbusen  von  Mexico  (und  des 
caraibischen  Meeres).    Heft  2.    4to.    Jena,  1880.  Purchased. 

Schodler,  E.  The  Treasury  of  Science,  Natural  and  Physical. 
Translated  by  H.  Medlock.  8vo.  London,  1862.  Presented  by 
W.  H.  Dalton,  Esq.,  F.G.S. 

Scrope,  G.  Poulett.  On  the  supposed  Influx  of  Water  to  the  Interior 
of  the  Globe  as  the  Cause  of  Volcanic  Action.  8vo.  London,  1869. 
Presented  by  Prof.  J.  W.  Judd,  F.B.S.,  Sec,  G.S. 

 .    On  the  Character  and  Composition  of  Lavas.    8vo.  London, 
1870.    Presented  by  Prof.  J.  W.  Judd,  F.B.S.,  Sec.  G.S. 

 .    Notes  on  the  late  Eruption  of  Vesuvius.    8vo.  London, 
1872.    Presented  by  Prof.  J.  W.  Judd,  F.R.S.,  Sec.  G.S. 

 .  On  "Blocky"  Rock- surfaces,  and  the  Theory  of  the  Shrink- 
ing Nucleus  of  the  Globe.  8vo.  London,  1873.  Presented  by  Prof. 

J.  W.  Judd,  F.R.S. 

Scudder,  S.  H.  The  Devonian  Insects  of  New  Brunswick.  4to. 
Boston,  1880. 

 .    The  Structure  and  Affinities  of  Euphoberia,  Meek  &  "Worthen, a  Genus  of  Carboniferous  Myriapoda.    8vo.    New  Haven,  1881. 

Sheaf  er,  P.  W.  The  Anthracite  Coalfields  of  Pennsvlvania,  and  their 
Exhaustion.    8vo.    Easton,  1880  (?). 

Simpson- Baihie,  E.  The  International  Dictionary  for  Naturalists 
and  Sportsmen,  in  English,  Erench,  and  German.  8vo.  London, 
1880. 

Sollas,  W.  J.  On  the  Ventriculitas  of  the  Cambridge  Upper  Green- 
sand.    8vo.    London,  1873. 

 .    On  Evolution  in  Geology.    8vo.    London,  1877. 

 .    On  Pharetrospongia  Strahani,  Sollas,  a  fossil  Holorhaphidote 

Sponge  from  the  Cambridge  "  Coprolite  "- bed.  8vo.  London, 1877. 
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Sottas,  W.  J..  On  Stauronema,  a  new  Genus  of  fossil  Hexactinellid 
Sponges,  with  a  Description  of  its  two  Species,  S.  Carteri  and 
S.  lobata.    8vo.    London,  1877. 

 .  On  the  Changes  produced  in  the  Siliceous  Skeletons  of  cer- 
tain Sponges  by  the  Action  of  Caustic  Potash.  8vo.  London, 

1877. 

 .    On  the  Perforate  Character  of  the  Genus  Webbina,  with  a 
Notice  of  two  new  Species,  W.  Icevis  and  W.  tuberculata,  from  the 
Cambridge  Greensand.    8vo.    London,  1877. 

■  .    On  the  Structure  and  Affinities  of  the  Genus  Siphonia.  8vo. 
London,  1877. 

 .    On  the  Structure  and  Affinities  of  the  Genus  Catagma.  8vo. 
London,  1878. 

 .    On  two  new  and  remarkable  Species  of  Gliona.  8vo.  London, 
1878. 

 .    Observations  on  Dactylocalyx  pumiceus  (Stutchbury),  with 
a  Description  of  a  new  Variety,  Dactylocalyx  Stutchburyi.  8vo. 
London,  1879. 

 .    On  Plectronella  papilloma,  a  new  Genus  and  Species  of  Echi- 
nonematous  Sponge.    8vo.    London,  1879. 

 .    On  Plocamia  plena,  a  new  Species  of  Echinonematous  Sponge. 
8vo.    London,  1879. 

 .  On  some  Three-toed  Footprints  from  the  Triassic  Conglo- 
merate of  South  Wales.    8vo.    London,  1879. 

 .    On  the  Silurian  District  of  Phymney  and  Pen-y-lan,  Cardiff. 
8vo.    London,  1879. 

.  .    On  some  Eskimos'  Bone-Implements  from  the  East  Coast 
of  Greenland.    8vo.    London,  1880. 

 .    On  the  Flint  Nodules  of  the  Trimmingham  Chalk.  8vo. 
London,  1880. 

 .    On  the  Structure  and  Affinities  of  the  Genus  Protospongia 
(Salter).    8vo.    London,  1880. 

 .    The  Sponge-fauna  of  Norway  :  a  Peport  on  the  Pev.  A.  M« 
Norman's  Collection  of  Sponges  from  the  Norwegian  Coast.  8vo. 
London,  1880. 

Sottas,  W.  J.,  and  A.  J.  Jukes-Brown.  On  the  included  Pock-frag- 
ments of  the  Cambridge  Upper  Greensand.    8vo.    London,  1873 

South  Australia.    Public  Works  Peport.    Peport  from  the  Public. 
Works  Department  for  the  Half  Year  ended  30th  June,  1878.  4to. 
Adelaide,  1879.    Presented  by  the  Colonial  Government. 

Spain.    Comision  del  mapa  geologico  de  Espana.  Boletin.  Tomo  VII- 
Cuaderno  1  &  2.    8vo.    Madrid,  1880. 

Spencer,  J.  W.    Discovery  of  the  Preglacial  Outlet  of  the  Basin  of 
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Lake  Erie  into  that  of  Lake  Ontario ;  with  Notes  on  the  Origin 
of  our  Lower  Great  Lakes.    8vo.    Philadelphia,  1881. 

Spencer's  Illustrated  Leicester  Almanack  &c.  for  1880.  8vo. 
Leicester,  1880.    Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 

Spratt,  T.  A.  B.  Eeport  on  the  Present  State  of  the  Navigation  of 
the  River  Mersey  (1880).    8vo.    London,  1881. 

Struckmann,  C.  Die  Wealden-Bildungen  der  Umgegend  von  Han- 
nover.   8vo.    Hannover,  1880.    (Two  copies.) 

 .    Ueber   den   Parallelismus   der    hannoverschen   und  der 
euglischen  obereu  Jurabildungen.    8vo.    Stuttgart,  1881. 

Swansea.  British  Association.  The  Official  Guide  and  Handbook 
to  Swansea  and  District,  by  S.  C.  Gamwell.  8vo.  Swansea,  1880. 
Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 

Switzerland.  Commission  geologique  Suisse.  Materiali  per  la  carta 
geologica.  Vol.  XVII.  11  canton  Ticino  meridionale  ed  i  paesi 
finitimi,  per  Torquato  Taramelli.  Appendice  ed  Indice.  4to. 
Bern,  1880. 

 .   .    Beitrage  zur  geologischen  Karte.  Lieferung  20.  Der 
mechanische  Contact  von  Gneiss  und  Kalk  im  Berner  Oberland 
von  A.  Baltzer.    4to.    Bern,  1880. 

Tate,  R.  The  Anniversary  Address  of  the  President  to  the  Adelaide 
Philosophical  Society.    8vo.    Adelaide,  1879. 

 .    The  Natural  History  of  the  Country  around  the  Head  of  the 
Great  Australian  Bight.    8vo.    Adelaide,  1879. 

 .    Zoologica  efc  Palaeontologica  Miscellanea,  chiefly  relating  to 
South  Australia.    8vo.    Adelaide,  1879. 

Taylor,  J.  E.  A  Guide  to  the  Ipswich  Museum.  8vo.  Ipswich, 
1871.    Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 

Terquem,  O.  Essai  sur  le  classement  des  animaux  qui  vivent  sur 
la  plage  et  dans  les  environs  de  Dunkerque.  8vo.   ,  1880  (?). 

Thomson,  James.  Contributions  to  our  Knowledge  of  the  Rugose 
Corals  from  the  Carboniferous  Limestone  of  Scotland.  8vo.  Glas- 

gow, 1880. 
Thureau,  G.  Synopsis  of  a  report  on  Mining  in  California  and 

Nevada,  IT.  S.  A.    8vo.    Melbourne,  1879. 

Tr  afford,  F.  W.  C.  Souvenir  de  1'amphiorama,  ou  la  vue  du  monde 
pendant  son  passage  dans  une  comete.    8vo.    Zurich,  1880. 

.  .   .    Zurich,  1881. 

Tribolet,  Maurice  de.  Sur  le  gault  de  Renan.  8vo.  Dele'mont, 
1877.    Presented  by  A.  J.  Jukes-Browne,  Esq.,  F.G.S. 

Tullberg,  S.  A.  Om  Agnostus-arteTna  i  de  kambriska  aflagringarne 
vid  Andrarum.    4to.    Stockholm,  1880. 
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Tidlbery,  S.  A.  Om  lagerfoljden  i  de  kambriska  och  siluriska  aflag- 
ringarnevid  Edstanga.    8vo.    Stockholm,  1880. 

 .    T venue  nya  graptolitsliigten.    8vo.    Stockholm,  1880. 

 .    Ueber  Versteinerungen  aus  den  Aucellen-Schichten  Novaja- 
Semljas.    8vo.    Stockholm,  1881. 

Twelvetrees,  W.  H.  On  a  Labyrinthodont  Skull  (Platyops  RicJcardi, 
Twelvetr.)  from  the  Upper  Permian  Cupriferous  Strata  of  Karga- 
linsk  near  Orenburg.    8vo.    Moscow,  1880. 

 .  On  Theriodont  Humeri  from  the  Upper  Permian  Copper- 
bearing  Sandstones  of  Kargalinsk  near  Orenburg.  8vo.  Moscow, 
1880. 

United  States.  Geographical  and  Geological  Survey  of  the  Rocky- 
Mountain  Region.  (J.  W.  Powell,  in  charge.)  Eeport  on  the  Geo- 

logy of  the  High  Plateaus  of  Utah,  by  C.  E.  Dutton.  4to  ;  Atlas 
fol.  Washington,  1880. 

 .  Geological  and  Geographical  Survey  of  the  Territories.  Bul- 
letin.  Vol.  Y.    No.  4.  1880. 

 .   .   .  Vol.  VI.  No.  1.  1881. 

 .  .  Miscellaneous  Publications.  No.  12.  History  of  North 
American  Pinnipeds :  a  Monograph  of  the  Walruses,  Sea-lions, 
Sea-bears,  and  Seals  of  North  America,  by  Joel  Asaph  Allen.  8vo. 
Washington,  1880. 

 .   .    Eeport.  Vol.  XII.  Fresh- water  Rhizopods  of  North 
America,  by  Joseph  Leidy.    4to.  Washington,  1879. 

Ussher,  W.  A.  E.  On  the  Geology  of  Parts  of  Devon  and  West 
Somerset  north  of  South  Molton  and  Dulverton.  8vo.  Taunton, 
1881. 

Van  den  BroecJc,  E.  Du  role  de  l'infiltration  des  eaux  meteoriques 
dans  1'alteratioD  des  depots  superficiels.    8vo.    Paris,  1880. 

 .  Memoire  sur  les  phenomenes  d'alteration  des  depots  super- 
ficiels par  l'infiltration  des  eaux  meteoriques  etudies  dans  leurs 

rapports  avec  la  geologie  stratigraphique.    4to.    Brussels,  1881. 

 .    Observations  nouvelles  sur  les  sables  diestiens  et  sur  les 
depots  du  Bolderberg.    8vo.    Brussels,  1881. 

Van  den  BroecJc,  E.,  et  If.  Miller.  Les  Foraminiferes  des  couches 

pliocenes  de  la  Belgique.  lre  Partie.  Esquisse  geologique  et  pale- 
ontologique  des  depots  pliocenes  des  environs  d'Anvers,  par  E. 
van  den  Broeck.  Fascicule  2.  Les  sables  moyens  et  les  sables 

superieurs  d'Anvers.    8vo.    Brussels,  1878. 
Veiter,  B.  Die  Fische  aus  dem  lithographischen  Schiefer  in  Dres- 

dener  Museum.    4to.    Cassel,  1881. 

Victoria.  Mineral  Statistics  of  Victoria  for  the  year  1879.  4to. 
Melbourne,  1880.    Presented  by  the  Minister  of  Mines. 
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Victoria.    Geological  Survey.    Report  of  Progress,  No.  VI.  8vo. 
Melbourne,  1880.    Presented  by  the  Minister  of  Mines. 

 .    Report  of  the  Chief  Inspector  of  Mines  to  the  Honourable  the 
Minister  of  Mines  for  the  year  1879.    4to.    Melbourne,  1880. 

Reports  of  the  Mining  Surveyors  and  Registrars.  Quarter 
ended  31st  March,  1880.  4to.  Melbourne,  1880.  Presented  by 
the  Minister  of  Mines. 

— .   .    Quarter  ended  30th  June,  1880.    Fol.  Melbourne, 
1880.    Presented  by  the  Minister  of  Mines. 

Quarter  ended  30th  September,  1880.    4to.  Mel- 
bourne, 1880.    Presented  by  the  Minister  of  Mines. 

Quarter  ended  31st  December,  1880.    4to.  Mel- 
bourne, 1880.    Presented  by  theMinister  of  Mines. 

Vogdes,  A.  W.  Description  of  a  new  Crustacean  from  the  Upper 
Silurian  of  Georgia,  with  Remarks  upon  Calymene  Clintoni.  .8vo. 
Philadelphia,  1880. 

Vogt,  C.  ArchcBopteryx  macrura,  an  intermediate  Form  between 
Birds  and  Reptiles.  Translated  by  Prof.  A.  Newton.  8vo.  Cam- 

bridge, 1880. 

Vom  Bath,  G.  Mineralogische  Mittheilungen.  Neue  Folge.  12.  Die 
Quarzkrystalle  von  Zoptan  in  Mahren.  13.  Ein  neuer  Beitrag 
zur  Kenntniss  der  Krystallisation  des  Cyanit.  8vo.  Leipzig, 
1880. 

 .    Vortrage  und  Mittheilungen.    8vo.    Bonn,  1880. 

 .    IT eber  einen  sehr  kleinen  schwarzen  Krystall  wahrscheinlich 
von  Orthit.    8vo.    Bonn,  1881. 

Ueber  das  St.  Gotthardgebirge  und  die  Gotthardbahn.  8vo. 
Bonn,  1881. 

Ueber  einige  neue  oder  selteue  Mineralvorkommnisse.  8vo. 
Bonn,  1881. 

Waagen,  W.  On  the  Geographical  Distribution  of  fossil  Organisms 
in  India.    (Translated  by  B.  B.  Foote.)    8vo.    Calcutta,  1878. 

Wagener,  6r.,  and  E.  Knvpping.  On  a  new  Seismometer,  with  a 
Summary  of  Observations.    4to.    Tokio,  1880. 

Wallich,  G.  O.  On  the  Origin  and  Formation  of  the  Flints  of  the 

Upper  White  Chalk ;  with  Observations  upon  Prof.  Sollas's  Paper 
in  the  '  Annals  and  Magazine  of  Natural  History '  for  December 
1880.    8vo.    London,  1881. 

Wardle,  T.  The  Wild  Silks  of  India,  principally  Tusser.  Folio. 
London,  1880. 

Warring,  C.  B.  The  three  Climates  of  Geology.  8vo.  Philadel- 
phia, 1880. 

Waters,  A.  W.  Quelques  roches  des  Alpes  vaudoises  etudiees  au 
vol.  xxxvii.  2  a 
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microscope.  8vo.  Lausanne,  1880.  Presented  by  Prof.  E.  Bene- 
vier,  F.O.G.S. 

Wiebel,  K.  W.  M.  Die  Insel  Helgoland.  Untersuchungen  iiber 
deren  Grosse  in  Yorzeit  und  Gegenwart  vom  Standpunkte  der 
Geschiehte  und  Geologic    4to.    Hamburg,  1848.  Purchased. 

Wigan  Free  Public  Library.  Reference  Department.  Index  Cata- 
logue of  Books  and  Papers  relating  to  Mining,  Metallurgy,  and 

Manufactures,  by  H.  T.  Folkard.    8vo.   Southport,  1880. 

"Wigner,  G.  W.  Sea-side  Water  :  an  Examination  into  the  Character 
of  the  Water  Supply  at  the  Watering-places  of  England  and  Wales. 
8vo.    London,  1878.    Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 

Williams,  J.  J.  The  Isthmus  of  Tehuantepec :  being  the  Results  of 
a  Survey  for  a  Railroad  to  connect  the  Atlantic  and  Pacific  Oceans, 
made  by  the  Scientific  Commission  under  the  direction  of  Major  J. 
G.  Barnard ;  with  a  Resume  of  the  Geology,  Climate,  Local  Geo- 

graphy, Productive  Industry,  Fauna  and  Flora  of  that  Region. 
8vo.    New  York,  1852.  Purchased. 

Wilson,  E.  Introductory  Lecture  on  Geology.  12mo.  Nottingham, 
1872.    Presented  by  W.  WhitaJcer,  Esq.,  F.G.S. 

Wolf,  H.  Begleitworte  zur  geologischen  Gruben-Revier-Karte  des 
Kohlenbeckens  von  Teplitz-Dux-Briix.  8vo.  Vienna,  1880. 
Purchased. 

Wood,  C.J.  Tunnel  Outlets  from  Storage  Reservoirs.  8vo.  London. 
1880. 

Woodward,  H.  A  Catalogue  of  British  Fossil  Crustacea,  with  their 
Synonyms  and  the  Range  in  Time  of  each  Genus  and  Order.  8vo. 
London,  1877.  Purchased. 

Woodward,  H.  B.  A  Sketch  of  the  Geology  of  Kent.  8vo.  London, 
1881  (?). 

 .    The  Origin  of  Mountains.    8vo.    Birmingham,  1881. 
Zittel,  Karl  A.  Handbuch  der  Palaontologie.  Band  I.  Lief.  3.  8vo. 

Munich,  1880.  Purchased, 

 .  .    Band  II.    Lief.  2  (unter  Mitwirkung  von  W.  P. 
Schimper).    8vo.    Munich,  1881.  Purchased. 

 .    Ueber  den  geologischen  Bau  der  libyschen  Wuste.  4to. 
Munich,  1880.    Presented  by  the  Munich  Academy. 

3.  Maps  &c. 

The  names  of  Donors  in  Itcdics. 

Belgium.  Commission  de  la  Carte  geologique  de  la  Belgique.  Carte. 
Planchettes  Aersehot,  Anvers,  Beveren,  Boisschot,  Boom,  Heyst-op- 
den-berg,  Lierre,  Lubbeck,  Malines,  and  Putte.    1880  &  1881. 
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Botella  y  De  Hornos,  Fcdorico  De.  Mapa  gcologico  do  Espana  y 
Portugal.  La  parte  geografica  por  Francisco  Cocllo.  Escala  de 

Coo£oo5-    Madrid,  1879.  Purchased. 

Depot  de  la  Marine.  Twenty-nine  charts  and  plans  of  various  coasts 
and  ports. 

Figari  Bey.    Etudes  geographiques  ct  geologiques  de  l'Egypte,  de  la 
peninsule  de  l'Arabie  Petree  et  de  la  Palestine.  1864.  (Six  sheets.) 
Presented  by  H.  Bauerman,  Esq.,  F.G.S. 

Finlands  geologislca  Under sokning.    Tvartbladet  No.  2.  1880. 
Erance.    Carte  geologique  detaillee  de  la  Erance.    Eeuilles  9,  23, 

34,  50,  67,  69,  78,  93, 113, 122,  213  bis,  225  bis,  237.    Scale  ̂  
1880.  Purchased. 

Jack,  R.  L.    Geological  Sketch  Map  of  the  district  between  Charters 
Towers  Goldneld  and  the  Coast.    Brisbane,  1878. 

Ordnance-Survey  Maps.     Presented  by  the  First  Commissioner  of 
Works. 

One-inch  General  Maps. 
England  and  Wales.  (New  Series.)  Quarter  sheets  269, 284, 

301,  303,  314,  319,  329,  332,  333,  and  334. 
Ireland.   Hills.    Sheets  115,  140,  141,  160,  171,  184, 186- 

189,  and  194. 
Scotland.   Hills.   Sheets  37,  53,  and  103. 

Six-inch  County  Maps. 
Argyll.  Sheets  70,  85,  97,  129,  137,  148,  and  159. 

„       (Isle  of  Canna.)    Sheet  53  and  54. 
(Isle  of  Coll.)    Sheet  21. 
(Isle  of  Colonsay.)    Sheet  145. 
(Isle  of  Muck.)    Sheet  74. 
(Isle  of  Mull.)    Sheets  39,  53,  108,  and  109. 

„       (Isle  of  Oigh-sgier.)    Sheet  64. 
(Treshnish  Isles.)    Sheet  80. 

Cheshire.    Sheet  2. 
Denbigh.    Sheets  3,  4,  6,  7,  11,  12,  23,  24,  26,  34,  38,  39, 

41,  42,  ffandl?,  and  44~and  46. Essex,    Sheets  1-8,  10-12,  18,  19,  22,  29,  31,  38-40,  42, 
45,  46,  48,  56,  58,  61-64,  69-72,  78,  and  86. 

Flint  and  Denbigh.    Sheet  7  and  8. 
Inverness.  (Barra.)    Sheets  59,  65,  68-70, 

(Isle  of  Burra.)    Sheets  66  and  67. 
(Isle  of  Harris.)    Sheet  26. 

(Isle  of  Skye.)  Sheets  6, 8-12, 14, 22, 32  and  32a, 
42,  48,  and  58. 

(North  and  South  Uist.)    Sheets  24,  25,  32,  36, 
41,  54,  56,  and  61. 

Orkney  and  Shetland.  Sheets  1,  6,  9, 10,  23,  26,  27,  28,  30, 
31,  33,  34,  36,  37,  38,  44,  49,  50,  54,  and  58. 
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Ross.  Sheets  2a,  5a,  10,  11,  lla,  18,  18a  24,  27,  30,  38,  39, 
40,  43,  66,  91,  91a,  100,  102a,  117,  122,  126,  127,  129, and  134. 

Ross  and  Cromarty.    Sheets  5,  16,  17,  25,  26,  41,  52-55, 

65,  76,  77,  671^79, 92,  93, 101, 104, 109,i09a  and  115, 
110,  111,  116,  118,  119,  120,  123,  124,  128,  131,  132, 

and  133  and  130. 
Ross,  Cromarty,  and  Nairnshire.    Sheet  89. 
Surrey.    Sheet  3. 
Sussex.    Sheets  11,  13,  22,  34,  36,  47-49,  61,  62,  and  66. 
Wilts  and  Hants.    Sheets  76  and  54. 

Preussen  und  die  thiiringische  Staaten.  Geologische  Specialkarte. 
Gradabtheilung  67,  Nos.  53,  54,  59,  &  60  ;  Gradabtheilung  68, 
Nos.  49  &  55  ;  und  Gradabtheilung  80,  Nos.  19,  20,  25,  26,  31, 
&  32.  1880.  Presented  by  the  Prussian  Ministry  of  Manufac- 

tures, Trade,  and  Arts. 

Saxony.  Geologische  Landesuntersuchung  des  Konigreichs  Sachsen. 
Geologische  Specialkarte.  Blatt  28,  Grimma  ;  Blatt  75,  Langen- 
leuba;  Blatt  115,  Zschopau.  1880. 

Sheafer,  Messrs.  Diagram  of  the  Progress  of  the  Anthracite  Coal 
Trade  of  Pennsylvania,  with  Statistical  Tables  &c.  1879.  Pre- 

sented by  P.  W.  Sheafer,  Esq. 

 .   .    Presented  by  Dr.  F.  V.  Hay  den,  F.M.G.S. 

Siedamgrotzky.  Flotz-Karte  des  Aachener  Steinkohlen-Beckens. 
Scale  2^5.    In  7  sheets.  Purchased. 

Switzerland.  Commission  geologique  pour  la  Carte  geologique  de  la 
Suisse.   Carte  geologique,  feuilles  IV.  &  V.  Scale 

Wolf,  H.  Geologische  Grubenrevier-Karte  des  Kohlenbeckens  von 
Teplitz-Dux-Briix  im  nordwestlichen  Bohmen.  Blatter  1-16. 
Scale  jJjg-.  Vienna,  1880.  Purchased. 

II.  ADDITIONS  TO  THE  MUSEUM. 

Specimens  of  Carboniferous  Limestone  Eossils  from  Elathead  River, 
Rocky  Mountains,  49th  parallel,  N.W.  America.  Presented  by  H. 
Bauerman,  Esq.,  F.G.S. 

The  Type  Specimens  of  the  "  Tubulations  sableuses  "  of  the  "  Etage 
Bruxellien  "  from  the  environs  of  Brussels,  described  by  H.  J. 

Carter,  Esq.,  in  the  '  Annals  and  Mag.  Nat.  Hist.'  for  May  1877. 
Specimens  of  Tertiary  Palliobrauchs  from  South  Australia,  and  three 

specimens  of  Belemnites  from  Central  Australia.  Presented  by 
Prof.  B.  Tate,  F.G.S. 

144  2 
 ;£> 
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